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PREFACE  TO  THE  SIXTH   EDITION. 


In  the  preparation  of  the  sixth  edition  of  this  text-book 
the  author,  as  in  previous  editions,  has  made  an  earnest  effort 
to  keep  up  with  the  progress  of  physiological  science.  Those 
who  are  familiar  with  the  complexity  of  the  current  literature 
dealing  with  physiological  problems  will  appreciate  the  difficul- 
ties involved  in  such  an  undertaking.  The  great  volume  of 
experimental  work  appearing  in  our  scientific  and  medical  jour- 
nals makes  it  well-nigh  impossible  for  a  single  worker  to  keep 
in  intimate  touch  with  the  shifting  points  of  view  in  regard 
to  the  many  problems  considered  in  a  general  book  of  this 
character. 

The  author  has  done  as  well  as  he  could,  and  he  must  beg 
the  generous  indulgence  of  other  workers  if  at  any  point  he  has 
faile<l  to  reflect  accurately  the  existing  trend  of  belief.     Most 
nf  the  important  alterations  in  the  text  will  be  found  in  the 
s<vtion   upon  Nutrition  and  Internal  Secretions.     A  large  part 
#»f  the  latter  subject  has  been  rewritten.     Unfortunately,  it  is 
a  subject  whose  intricacies  have  increased  rather  than  dimin- 
ished with   the  progress  of  investigative  work,  and  it  is  more 
rather  than  less  difficult  now  than  it  was  a  decade  ago  to  pre- 
:-*-ni   a  fair  summary  of  the  numerous  facts,  speculations,  and 
hypotlieses  l>earing  upon  this  topic. 

W.  H.  Howell. 
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In  the  preparation  of  this  book  the  author  has  endeavored  to 
keep  in  mind  two  guiding  principles:  first,  the  importance  of 
sunplicity  and  lucidity  in  the  presentation  of  facts  and  theories; 
and,  second,  the  need  of  a  judicious  limitation  of  the  material 
selected.  In  regard  to  the  second  point  every  specialist  is  aware 
of  the  bewildering  number  of  reseai-ches  that  have  been  and  arr* 
being  published  in  physiology  and  the  closely  related  sciences,  and 
the  difficulty  of  justly  estimating  the  value  of  conflicting  results- 
He  who  seeks  for  the  truth  in  any  matter  under  discussion  is  often- 
times forced  to  be  satisfied  with  a  suspension  of  judgment,  and 
the  writer  who  attempts  to  fomiulate  our  present  knowledge 
upon  almost  any  part  of  the  subject  is  in  many  instances  oblige<i 
to  present  the  literature  as  it  exists  and  let  the  reader  make  his 
o^rn  deductions.  This  latter  method  is  doubtless  the  most  satis- 
factory and  the  most  suitable  for  largo  treatises  prepared  for  the 
use  of  the  specialist  or  advanced  student,  but  for  lieginners  it  is 
absolutely  necessary  to  follow  a  difTerent  plan.  The  amount  of 
material  and  the  discussion  of  details  of  controversies  must  be 
tifought  within  reasonable  limits.  The  author  must  assume  the 
responsibility  of  sifting  the  evidence  and  emphasizing  those  con- 
clusions that  seem  to  be  most  justified  by  experiment  and  obser- 
^'ation.  As  far  as  material  is  concerned,  it  is  evklent  that  the 
selection  of  what  to  give  and  what  to  omit  is  a  matter  of  judg- 
ment and  experience  upon  the  part  of  the  writer,  but  the  present 
Author  is  convinced  that  the  necessary'  reduction  in  material 
ahould  be  m&de  by  a  process  of  elimination  rather  than  by  con- 
densation. The  latter  method  is  suitable  for  the  specialist  with 
his  background  of  knowledge  and  experience,  but  it  is  entirely 
unfitted  for  the  elementarj*  student.  For  the  purposes  of  the 
latter  brief,  comprehensive  statements  are  oftentimes  misleading, 
or  fail  at  least  to  make  a  clear  impression.  Those  subjects  that 
are  presented  to  him  must  be  given  with  a  certain  degree  of  full- 
ness if  he  is  expected  to  obtain  a  ser\'iceahle  conception  of  the 
facts,  and  it  follows  that  a  treatment  of  the  wide  subject  of  physi- 
ology is  poesible,  when  undertaken  with  this  intention,  only  by 
^  adoption  of  a  s>'stem  of  selection  and  elimination. 

The  fundamental  facts  of  physiology,  its  principles  and  modes 
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of  reasoning  are  not  difficxilt  to  understand.  The  obstacle  that 
is  most  frequently  encountered  by  the  student  lies  in  the  com- 
plexity of  the  subject, — the  laige  niunber  of  more  or  less  dis- 
connected facts  and  theories  which  must  be  considered  in  a  dis- 
cusi^on  of  the  structure^  physics,  and  chemistry  of  such  an  intri- 
cate organism  as  the  human  body.  But  once  a  selection  has  been 
made  of  those  facts  and  principles  which  it  is  most  desirable  that 
the  student  should  know,  there  is  no  intrinsic  difficulty  to  prevent 
them  from  being  stated  so  clearly  that  they  may  be  comprehended 
by  anyone  who  possesses  an  elementary  knowledge  of  anatomy, 
physics,  and  chemistry.  It  is  doubtless  the  art  of  presentation 
that  makes  a  text-book  successful  or  unsuccessful.  It  must  be 
admitted,  however,  that  certain  parts  of  physiology,  at  this  par- 
ticular period  in  its  development,  offer  peculiar  difficulties  to  the 
writers  of  text-books.  During  recent  years  chemical  work  in  the 
fields  of  digestion  and  nutrition  has  been  very  full,  and  as  a  result 
theories  hitherto  generally  accepted  have  been  subjected  to  crit- 
icism and  alteration,  particularly  as  the  important  advances 
in  theoretical  chemistry  and  physics  have  greatly  modified  the 
attitude  and  point  of  view  of  the  investigators  in  physiology. 
Some  former  views  have  been  unsettled  and  much  information 
has  been  collected  which  at  present  it  is  difficult  to  formulate  and 
apply  to  the  explanation  of  the  normal  processes  of  the  animal 
body.  It  would  seem  that  in  some  of  the  fundamental  problems 
of  metabolism  physiological  investigation  has  pushed  its  experi- 
mental results  to  a  point  at  which,  for  further  progress,  a  deeper 
knowledge  of  the  chemistry  of  the  body  is  especially  needed.  Cer- 
tainly the  amount  of  work  of  a  chemical  character  that  bears  di- 
rectly or  indirectly  on  the  problems  of  physiology  has  shown  a  re- 
markable increase  within  the  last  decade.  Amid  the  confficting 
results  of  this  literature  it  is  difficult  or  impossible  to  follow  always 
the  true  trend  of  development.  The  best  that  the  text-book  can 
hope  to  accomplish  in  such  cases  is  to  give  as  clear  a  picture 
as  possible  of  the  tendencies  of  the  time. 

Some  critics  have  contended  that  only  those  facts  or  conclu- 
sions about  which  there  is  no  difference  of  opinion  should  be  pre- 
sented to  medical  students.  Those  who  are  acquainted  with 
the  subject,  however,  understand  that  books  written  from  this 
6tandp>oint  contain  much  that  represents  the  uncertain  compromises 
of  past  generations,  and  that  the  need  of  revision  is  felt  as  fre- 
quently for  such  books  as  for  those  constructed  on  more  liberal 
principles.  There  does  not  seem  to  be  any  sound  reason  why  a 
text-book  for  medical  students  should  aim  to  present  only  those 
conclusions  that  have  cr>'stallized  out  of  the  controversies  of  other 
times,  and  ignore  entirely  the  live  issues  of  the  day  which  are 
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only  t-o  physiolc 


d  80  much  interest  and  importance 

to  all  branches  of  medicine.  With  this  itiea  in  mind  the  author 
kts  ftodeavored  to  make  the  student  reahze  that  physiolog}'  is  a 
flowing  subject,  continually  widening  its  knowledge  and  rcad- 
justizig  its  theories.  It  is  important  that  the  student  should 
pMp  this  conception,  Ijecause.  in  the  first  place,  it  is  true;  and, 
in  the  wcond  place,  it  may  save  him  later  from  disappointment 
Aod  distrust  in  science  if  he  recognizes  that  many  of  our  conclu- 
ijksoa  are  not  the  hnal  truth,  but  provisional  only,  representing 
tht  best  that  can  be  done  with  the  knowledge  at  our  conuuand 
To  emphajsize  this  fact  as  well  as  to  add  somewhat  to  the  interest 
of  the  reader  short  historical  resume's  have  been  introtiuced  from 
time  to  thne,  although  the  question  of  space  a'one,  not  to  men- 
taoa  other  considerations,  has  preventetl  any  extensive  use  of  such 
QAterial.  It  is  a  featiu^,  however,  that  a  teacher  might  develop 
with  profit.  Some  knowledge  of  the  gradual  evolution  of  iur 
pment  beliefs  is  useful  in  demonstniting  the  enduring  value  of 
ttperimental  work  as  compared  with  mere  theorizing,  and  also  in 
engendering  a  certain  appreciation  and  respect  for  knowledge 
(bit  has  been  gained  so  slowly  by  the  exertions  of  successive 
SBDerations  of  able  investigators. 

A  word  may  1^  said  reganling  the  reference-s  to  literature 
tnaerCed  in  the  book.  It  is  perfectly  obvious  that  a  complete 
or  approximately  complete  bibliography  is  neither  appropriate 
DOT  useful,  however  agreeable  it  may  be  to  give  ever)'  worker  full 
recognition  of  the  results  of  his  labors.  But  for  the  sake  of  those 
rho  may  for  any  reason  wish  to  follow  any  particular  subject 
more  in  detail  some  references  have  l)€en  given,  and  these  have 
been  selected  usually  with  the  idea  of  citing  those  works  which 
thenselves  contain  a  more  or  less  extensive  discussion  and  litera- 
tore*  Occasionally  also  references  have  been  made  to  works  of 
historical  importance  or  to  separate  papers  that  contain  the  experi- 
mental evidence  for  some  special  view. 
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SECTION  I. 
THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE. 


C1L\F1^ER  I. 
THE  PHENOMENON  OF  CONTRACTTION. 
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immaiian  \:ioay  m  wnicn  tnp  property 
contractility  1ms  liecn  developed  to  a  notable  extent  are  the  mu»- 
cukr  and  the  ciliated  epithelial  cells.     The  functional  value  of  the 
Bntflcles  and  the  cilia  to  the  body  as  an  organii>m  depends,  in  fact, 
npoD  the  special  development   of  this  property.     The  muscular 
tlBQCB  of  the  body  fall  into  three  large  groups,  considered  from 
lithera  histological  or  a  functional  standpoint, — namely,  the  striata 
Metal  muscle,  the  striated  cardiac  muscle,  and  the  plain  muscle. 
Tbeae  tLseues  exhibit  certain  marked  differences  in  properties  which 
W  deecribed  farther  on.     In  each  group,   moreover,  there  are 
certain  minor  differences  in  structure  which  arc  associated  with 
differences  in  properties;    thus,  skeletal  muscle  from  different  re- 
gions of  the  same  animal  may  show  variations  in  rapidity  of 
eontrartion,  and  this  variation  goes  hand  in  hand  with  an  obvious 
difference    in    histological    structure.     Similar,    p>erhap6    more 
marked,  differences  are  observed  in  the  plain  muscular  tissue  of 
vanouB  organs.     The  muscular  tissues  from  animals  l>elonging  to 
different  clasaes  exhibit  naturally  even  wider  variations  in  proper- 
Ua,  and  these  differences  in  some  cases  are  not  associated  with 
viable  variations  in  structure. 

The  Structure  of  Skeletal  Muscle. — This  tissue  makes  up  the 
lial  part  of  the  skeletal  muscles  by  means  of  which  our 
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voluntary  movements  are  effected.  What  we  call  a  muscle  is  an 
organ  composed  of  many  thousands  of  muscle  fibers,  bound  to- 
gether by  connective  tissue,  and  smrounded  by  a  sheath  of  the 
same  tissue.  Each  fiber  is  a  minute  cylindrical  or  prismatic 
thread,  whose  diameter  varies  perhaps  between  0.1  and  0.01  mm., 
and  whose  length  does  not  exceed  36  mm.  It  constitutes  the  imit 
of  structure  of  the  muscle,  and  the  shortening  of  the  muscle,  as  a 
whole,  is  the  expression  of  the  combined  effect  of  the  contractions 
of  the  constituent  fibers.  In  considering  the  physiology  of  the 
muscle  as  a  contracting  mechanism  it  is  convenient  to  discuss  the 
phenomenon  as  it  occurs  in  a  single  fiber.  As  a  matter  of  fact, 
each  fiber  is  a  complex  structure,  consisting  of  several  distinct 
parts.  It  is  developed  from  a  single  cell,  and  since  it  contains  a 
number  of  nuclei,  we  may  regard  it  histologically  as  a  sort  of  a 
multinuclear  giant  cell  of  elongated  form.  Each  fiber  is  enclosed 
within  a  thin,  structureless,  elastic  membrane,  the  sarcolemma. 
The  material  of  the  fiber  inside  the  sarcolemmal  bag  shows  the 
characteristic  cross-striation,  and  is  supposed  to  be  of  a  semi- 
liquid  or  viscous  consistency  when  living.  This  material,  as  a 
whole,  is  designated  as  the  muscle  plasma. 

There  U  on  record  an  interesting  observation  by  Kiihne*  which  seemfi 
to  demonstrate  the  fluid  nature  of  the  living  muscle  substance.  He  hap- 
pened, on  one  occasion,  to  find  a  frog's  muscle  fiber  containing  a  nematoae 
wonn  within  the  sarcolemma.  The  animal  swam  readilv  from  one  end  of 
the  fiber  to  the  other,  pushing  aside  the  cross  bands,  which  fell  into  place 


Via.  1. — ^A  crosB-section  of  muscle 
fiber  ofrabbit.  The  bundles  of  fibrils  are 
dark ;  the  intervening  email  amount  of 
aarooplasm  U  represented  by  the  clear 
BpaMn.—iKdU%ker.) 


Fig.  2. — Crosa-section  of  two  muscle 
fibers  of  the  6y:  Af«,  Hie  columns  of 
fibrils ;  SPf  the  sarcoplasm. — (^chieffer~ 
dtcker.) 


again  after  the  animal  had  passed. .  At  one  end,  where  the  fiber  had  been 
injured,  the  worm  was  unable  to  force  its  way.  The  muscle  substance  at 
this  point  was  dead  and  apparently  had  passed,  into  a  solid  condition.  The 
fact  that  the  cross  bands  were  displaced  only  temporarily  by  the  mpvement 
and  fell  back  into  their  normal  position  would  indicate  that  they  may  have 
a  more  solid  structure. 

•  Ktthne,  "Archiv  fttr  pathologische  Anatomic,"  26,  222,  1863. 
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DiaragiBLnluiK  the  nuclei,  the  muscle  plasma  consists  of  two 
dSttercnX  structures:  the  fibrils,  which  are  long  and  thread-like  and 
run  the  length  of  the  fiber,  and  the  inter- 
vniag  sarcoplfisrn.  The  fibrils  conMist  of 
alt«nutling  dim  and  light  discs  or  segments^ 
whieh.  falling  together  in  the  different  fibrils, 
^ve  the  crosit-striation  that  is  churacter- 
isUr.  In  nuuiimahan  muscles  the  fibrils  are 
groupe<«l  more  or  less  distinctly  into  Ijtmdies 
or  columns  (sjircostyles),  between  whicli  lies 
Hm  scanty  earcoplasm.  The  relative  amount 
«f  aarcoplasiii  io  fibrillar  substance  varies 
greaUy  in  the  stripe<l  muscles  of  ilifTerent 
Animals,  as  is  indicated  in  the  accompanying 
ithifttrations.  The  evidence  from  compara- 
tive? ph>'sioiuK>'  indicates  that  the  fibrils  are 
ibe  contractile  element  of  the  filler,  while 
the  8arcopla«:m,  it  may  be  assumed,  pos- 
mmes  a  general  nutritive  function.  Among 
mamnuds  there  are  certain  mus(*les  in  which 
the  amount  of  sareoptasm  within  each  fiber 
ii  rt^Uitively  large,  and  this  sarcophiMn, 
baving  the  granular  structure  common  to 
undilferrntiated  protoplasm,  interferes  with 
the  clearness  of  striation  of  the  fibers. 
Fibers  of  thi-s  latter  sort  are  us\ially  of  a 
degpcr  color  than  those  in  which  the  sarco- 
pham  is  leai»  abundant,  and  the  two  varie- 
tm  have  been  designati^l  f%&  the  red  (more 
abundant  earcoplasm)  and  the  pale  fibiTs. 
MtssdeH  containing  chiefiy  the  less  clearly 
Kthaited  re<l  fibers,  for  eximiple,  the  dia- 
phragm and  the  heart,  are  characterized 
pbysiologicaUy  by  a  slower  rate  of  contrac- 
tioo  and  by  a  relatively  small  susceptibility 
to  fatigue.  The  so-calleii  red  and  pale  fibers 
may  occur  in  the  same  muscle.  The  sepa- 
mte  fibrilfi.  hke  the  entire  fil>er,  show  two 
kinds  of  substance,  the  alternating  dim  and 
Bgbt  bands,  and  these  two  materials  are 
obviously  riifferent  in  physical  structure  as 
•MA  by  ordinar>'  light.  When  examine<l  by 
pnhriMti  light,  this  difference  becomes  more  evident,  for  the  dim 
lobslance  possesses  the  property  of  double  refra(Ttion,  \Mien  the 
muscle  fiber  is  placed  between  crossed  Nicol  prisms  the  dim  bands 


Km.  ;i. —  To  show  the 
ttppraniiiei*  mI  th«  ibni 
Uniwitropjri  and  luchi 
'wotropic )  l>anftji  nt  rest 
Ami  in  (xintnirtion.  an  m-vn 
by  ordiuitr>'  and  ^V  polar- 
i»ti  liKhl.  Thf  Rkutv  rpf>- 
rracnta  a  muscle  fibril 
(beetle)  in  which  the  lower 
portion  has  b4M*n  fixMl  in  a 
rondition  of  rf>nl  mrriou. 
f>n  lb*  lelt  the  rrlationi  of 
the  dim  and  Uthi  barulfl  arv 
Bbown  ait  they  appear  in 
ordiiuiTj'  liiiht.  in  tbi!  i^- 
InuMl  lupprr  part),  and  tbo 
cuotraciinj  ( Uiwrr  part) 
Rtatc.  On  the  nght  the  re- 
Int  iuiL9  ftt  I  hf'  uumIs  are 
afaowD  as  they  uppear  when 
ptart*d  bolwceu  rrwwwid 
NiMjl  prismit.  The  white 
«pa<<ea  represent  the  Hini 
bautia. 
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i4}pear  bright,  while  the  light  bands  remain  dark,  as  is  shown 
in  Fig.  3.  From  this  standpoint  the  material  of  the  hght 
bands  in  the  normal  fibrils  is  spoken  of  as  isotropous,  and  that  in 
the  dim  bands  as  anisotropous.  The  anisotropic  material  of  the 
dim  bands  consists  of  doubly  refracting  positive  uniaxial  particles, 
and  Engelmann  has  claimed  that  such  particles  may  be  discovered 
in  all  contractile  tissues.*  The  inference  made  by  him  is  that 
this  anisotropic  substance  is  the  contractile  material  in  the  pro- 
toplasm, the  machinery,  so  to  speak,  through  which  its  shortening 
is  accomplished.  Engelmann  supports  this  conclusion  by  the 
statement  that  during  contraction  the  dze  of  the  dim  bands  in- 
creases at  the  expense  of  the  material  in  the  light  bands.f  This 
theory  is  indicated  in  the  schema  given  in  Fig.  3.  The  relative 
changes  in  appearance  of  the  anisotropic  and  isotropic  bands 
during  the  phase  of  contraction,  which  are  shown  in  the  figure, 
may  be  explained  on  the  assumption  that  the  anisotropic  sub- 
stance absorbs  or  imbibes  wat«r  from  the  isotropic  layer.  Engd- 
mann  has  used  such  an  assumption  as  the  basis  for  a  theory  of  the 
shortening  of  the  muscle  (p.  72).  Unfortunately,  the  histological 
changes  indicated  in  Fig.  3  have  not  been  wholly  corroborated  by 
later  observers.  Hiirthlet  states  that  during  contraction  the 
anisotropic  band  may  shrink  to  less  than  one-half  its  width,  while 
the  isotropic  layer  shows  no  change.  He  •finds  in  this  appearance 
a  confirmation  of  the  view  that  the  anisotropic  substance  consti- 
tutes the  active  contractile  material  of  the  muscle,  but  there  is 
no  evidence,  he  thinks,  to  support  the  assumption  that  the  change 
in  the  anisotropic  layer  is  due  to  imbibition  of  water  from  the 
isotropic  layer. 

The  Extensibility  and  Elasticity  of  Muscular  Tissue. — Muscular 
tissue,  when  acted  upon  by  a  weight,  extends  quite  readily,  and 
when  the  weight  is  removed,  it  regains  its  original  form  by  virtue 
of  its  elasticity.  In  our  bodies  the  muscles  stretched  from  bone 
to  bone  are,  in  fact,  in  a  state  of  elastic  tension.  If  a  muscle  is 
severed  by  an  incision  across  its  belly  the  ends  retract.  The 
extensibility  and  elasticity  of  the  muscles  add  to  the  effective- 
ness of  the  muscular-skeletal  machinery.  A  muscle  that  is  in  a 
state  of  elastic  tension  contracts  more  promptly  and  more  effec- 
tively for  a  given  stimulus  than  one  which  is  entirely  relaxed. 
Moreover,  in  our  joints  the  arrangement  of  antagonists — flexors 
and  extensors — is  such  that  the  contraction  of  one  moves  the 
bone  against  the  pull  of  the  extensible  and  elastic  antagonist. 

*  This  claim  has  been  denied,  see  Etlis,  *'  American  Journal  of  Physiology/' 
31,  370,  1913. 

t  Biedennann,  "Electro-physiology,"  vol.  i,  translated  by  Welby,  and 
Engelmann,  '^Archiv  ftir  die  gesammte  Physiologie,"  18,  1. 

t  HOrthle,  "Archiv  f.  d.  gee.  Physiologie,"  126,  1,  1909. 
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It  wi»uJd  seeiu  that  the  movements  of  the  skeleton  must  gain        ^^| 
much  in  smoothness  and  delicacy  by  this  arrangement.     The         ^^M 
physical  advantages  of  the  extensibility  and  ehisticity  of  nius-          ^^M 
ruUr  tissue  are  evident  not  only  in  the  contractions  of  our  volun-          ^^H 
Unr  muscles,  but,  as  we  shall  see,  in  u  striking  way  also  in  the         ^^| 
artdAtion,  in  which  the  force  of  the  heart  beat  is  stored  and         ^^| 
eeooomically  distributed  by  the  elastic  tension  of  the  distende*!         ^^M 
irteries.     The  extensibility  of  muscular  tissue  has  been  studied          ^^| 
m  (omparison  with  the  extensibility  of  dead  elastic  bodies.     With         ^^| 
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m                                                                       b 

fla.  4  — n,  ^irv«  of  ext«nnon  of  a  rubber  band,  to  nhnw  tbe  eMuiilextcnmonn  foreqiml 
iHnHiiiAof  wc&jcht.     Tbe  band  bad  sn  initial  loa<t  uf  17  Knis..    oiid  thi.<^  wa»  tncrcaaed 
J9t^a«a«iito  cif  3  KTn«^  in  each  of  the  nine  extcn>>ioTiH.  the  final  load  beins  44  irnta.    Tba 
mmmmin^  tbe  eniU  of  tlie  onliimte*  ut  a  utraiicht  litie.     U,  Curve  of  rxtenftion  of  a  frofc'i 
— iifgpattTimrriihi   1    T^  initml  luad  and  the  increment  of  vn-ixht  wrrr  the  nme  aa  vntb 
te  tmSm,     TW  cun-e  tikown  a  derreaflinc  extenNon  for  egtial  increnieut&     The  line  jotn- 
■Bte«Hl«of  UMordin»t«i  urun-e«l. 

Rfvd  to  the  latter  it  is  known  that  the  fitrain  that   the  binly 

ftrcB^  put  upon  it.     If.  for  instance,  weights  are  attached  to  a 
M^k|rbAnd  {suspended  at  one  end,  the  amount  of  extension  of 
m|BB  will  l>e  directly  proportional  to  the  weights   used.     If 
the  extensions  are  measured  the  relationship  may  be  represented 
m  ^own  in  Fig.  4.  the  equal  increments  in  weight  being  indicated 
by  Uying  off  equal  disUinces  on  the  abscissa,  and  the  resulting 
fgct(*n^ons  by  the  height  of  the  ordinates  dropped  from  each 
point.      If  the  ends  of  the  ordinates  are  joine<I,  the  result    is  a 
ftruight  line.     When  a  similar  experiment  is  made  with  a  living 
mu^e  it  is  found  that  the  extension  is  not  proportional  to  the 
Wright  UM'd.     The  amount  of  extension  is  greatest  in  the  begin- 
nilig    and    dn-reases    proportionately    with    new    increments    of 
wdisfat.     If   the   results  of   such  an  experiment   are  plottetl,  as 
above,   representing  the  equal   increments  of  weight   by  equal 
difULDces  along  the  abscissa  and  the  resulting  extensions  by  ordi- 
oain  droppi^l  fr<»m  these  point**,  then  upon  joining  the  ends  of 

( 

22 


THE   PHTSIOLOGT   OF   MUSCLE   AND   NBRTS. 


the  ordinates  we  obtain  a  curve  concave  to  the  abscissa.  At 
first  the  muscle  shows  a  relatively  large  extension,  but  the  effect 
becomes  less  and  less  with  each  new  increment  of  weight,  the 
curve  at  the  end  approaching  slowly  to  a  horizontal.  If  the 
weight  is  increased  until  it  is  sufficient  to  overcome  the  elasticity 

of  the  muscle  the  curve  is  altered — it 
becomes  convex  to  the  abscissa,  or,  in 
other  words,  the  amount  of  extension 
increases  with  increasing  increments  of 
weight  up  to  the  point  of  rupture,  as 
shown  in  the  accompanying  curve* 
(Fig.  5).  Haycraftt  calls  attention  to 
the  fact  that  under  normal  conditions 
the  physiological  extension  of  the  frog's 
muscles  in  the  body  is  equal  to  that 
produced  by  a  weight  of  10  to  15  gms., 
and  that  when  the  excised  muscle  is 
extended  by  weights  below  this  limit  it 
follows  the  law  of  dead  elastic  bodies, 
giving  equal  extensions  for  equal  incre- 
ments of  weight.  It  is  only  after  pass- 
ing this  limit  that  the  law  stated  above 
holds  good.  It  should  be  added  also 
that  the  amount  of  deformation  ex- 
hibited by  a  muscle  or  other  living 
tissue  placed  under  a  stress  varies  with 
the  time  that  the  stress  is  allowed  to 
act.  The  muscle  is  composed  of  vis- 
cous material,  and  yields  slowly  to  the 
force  acting  upon  it.  In  experiments 
of  this  kind,  therefore,  the  weights 
should  be  allowed  to  act  for  equal 
intervals  of  time.  It  has  been  shown 
that  the  extensibility  of  a  muscle  is  greater  in  the  contracted 
than  in  the  resting  state. 

The  curve  of  extension  described  above  for  skeletal  muscle 
holds  also  for  so-called  plain  muscle.  This  latter  tissue  forms  a 
portion  of  the  walls  of  the  various  viscera,  the  stomach,  bladder, 
uterus,  blood-vessels,  etc.,  and  the  facts  shown  by  the  above  curve 
enter  frequently  into  the  explanation  of  the  physical  phenomena 
exhibited  by  the  viscera.  For  instance,  it  follows  from  this  curve 
that  the  force  of  the  heart  beat  will  cause  less  expansion  in  an 
artery  already  distended  by  a  high  blood-pressure  than  in  one  in 
which  the  blood-pressure  is  lower, 
*  See  Marey,  "  Du  mouvement  dans  Ics  fonctions  de  la  vie,"  1868,  p.  284 
t  Haycraft,  "Journal  of  Physiology,"  31,  392,  1904. 


Fig.  5. — Curve  given  by 
Marey  to  show  the  effect  upon 
the  extension  of  mu»cle  caused 
by  increasing  the  load  regularly 
to  the  point  of  rupture:  From 
o  to  a  the  eztenaion  of  the 
muscle  decreases  as  the  weight 
increases,  giving  a  curve  concave 
to  the  abscissa;  at  a  the  limit 
of  elasticity  is  passed  and  the 
muscle  lengthens  by  increasing 
extensions  for  equal  increments; 
at  X  rupture  (750  gms.  for  frog's 
gaatrocnemius) . 
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The  Irritability  and  Contractility  of  Muscle.— Under  normal 
conditions  in  the  IxxJy  a  muscle  Ls  made  to  contract  by  a  stimulus 
received  from  the  central  nervous  system  through  its  motor  nerve. 
if  the  latter  is  severed  the  muscle  is  paralyzed.  We  owe  to  Haller, 
the  great  physiologist  of  the  eighteenth  centur\%  the  proof  that 
a  tmificle  Ihuu  isolated  can  still  he  made  to  contract  by  an  artificial 
atimulujc — t*.  g.f  an  electrical  shock— applied  directly  to  it.  This 
iriKDtticant  di.-*cover>-  n^moved  from  physiolog>'  the  old  and  harmful 
idea  of  animal  spirit^s,  which  were  supptKsed  to  be  generated  in  the 
CcoUal  nerx'otis  system  and  to  cause  the  swelling  of  a  muscle  during 
caoti&ction  by  flowing  to  it  along  the  connecting  nen^e.  But  to 
iciDOvtt  a  muscle  from  the  body  and  make  it  contract  by  an  artificial 
atinmlus  floes  not  prove  that  the  muscle  substance  it^self  is  eajjable 
of  being  ttctod  upon  by  the  stimulus,  since  in  such  jin  exi^eriment 
Ihr  imdini^  of  the  nerve  in  the  muscle  are  still  intact,  and  it  may 
be  that  the  Htimuius  act**  only  on  them  and  thus  affects  the  mus- 
^llt  indirectly.  In  a  number  of  ways,  however,  physiologi.sts  have 
Awnd  that  the  muscle  substance  can  be  made  to  contract  by  a 
ff*w™«^»«  applied  directly  to  it,  and  therefot^  exhibits  what  is 
known  as  independent  irritability.  The  term  irritability,  according 
(o  modem  usage,  meiins  that  a  ti.ssuc  can  be  made  to  exhibit  its 
form  of  functional  activity  when  stimulated, — e.  g.,  a 
cell  will  contract,  a  gland  cell  will  secrete,  etc., — andinde- 
peikdettt  imtahility  in  the  case  under  consideration  means  simply 
that  the  muscle  gives  its  reaction  of  contraction  when  artificial 
ftimuli  are  applied  directly  to  its  substance.  This  conception 
of  irritability  was  fiist  introduced  by  Francis  Cilisson  (1597-1677), 
a  w'lebraied  English  physician.*  Subsequent  writers  frequently 
UBtd  the  term  as  sj-nonymous  with  contractility  and  as  applicable 
only  to  the  muscle.  But  it  is  now  used  for  all  living  tissues  in 
the  Bnse  here  indicated.  A  simple  proof  of  the  intlependent 
Irritability  of  a  striated  muscle  Ls  obtained  by  cutting  the  motor 
ntrve  going  to  it  and  stimulating  the  muscle  after  several  days. 
We  know  now  that  in  the  course  of  several  days  the  severed  nerve 
ibea  degenerate  completely  down  to  their  terminations  in  the 
nrifrlf  fibersy  and  the  muscle,  thus  freed  from  its  nerve  fibers  by 
the  process  of  degeneration,  can  still  be  made  to  contract  by  an 
artilieial  stimulus.  The  classical  proof  of  the  independent  irri- 
tability of  muscle  filxirs  was  given  by  Claude  Hemard,  the  great 
French  physiologist  of  the  nineteenth  centur>'.  He  made  use 
of  the  do-culled  arrow  poison  of  the  South  American  Indians. 
TUa  aubstance  or  mixture  of  substances  is  known  generally  under 
tht  name  curare;  it  is  prepare<l  from  the  juices  of  several  plants 
(ttrychxKw)  (Thorpe).  The  poisonous  part  of  the  material  is  soluble 
•  See  Fost.or'8  *'Hiatory  of  Physiology."  p.  287. 
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in  water,  and  Bernard  showed  that  when  such  an  extract  is  injected 
into  the  hlood  or  hypociermically  it  paralyzes  Die  motor  ner\'es 
at  their  peripheral  end,  so  that  direct  stimulation  of  these  nerves 
is  ineffective.  Direct  stimuhition  o(  the  muscle  substance,  on  the 
contrary,  causes  a  contraction.*  We  are  justified,  therefore,  in 
saying  that  skeletal  muscle  possesses  tlie  properties  of  independ- 
ent contractility  {Halier)  and  independent  irritability  (Ber- 
nard), By  the  former  term  we  mean  that  the  shortening  of  the 
muscle  is  due  to  active  processes  developed  in  its  own  tissue, 
by  the  latter  we  mean  that  the  muscular  tissue  may  be  made 
to  enter  into  contraction  by  artificial  stimuli  applied  directly 
to  its  own  substance-  This  latter  property  cannot  be  said  to 
hold  for  all  the  tissues.  Whether  a  nerve  cell  or  a  glaml  cell  may  be 
made  to  enter  into  it.s  si>ecific  form  of  activity  by  the  direct  appli- 
cation of  an  artificial  stimulus  is  still  a  tlcbatable  question. 

Artificial  Stimuli. — If  we  designate  the  stimulus  that  the 
muscle  receives  normally  from  its  nerve  as  its  normal  stimulus, 
all  other  forms  of  energ}'  which  may  i>e  used  to  start  its  contraction 
may  l>e  grtiupetl  under  the  designation  artificial  stimuli.  Experi- 
ments have  shown  that  a  contraction  may  be  aroused  by  mechani- 


Fijr.  C.^The  induction  ruil  an  ur^i  f'^r  pfi>-.miriln(nral  pur[Ki9e3  (tlu  Bow-Reymond 
pattern):  A,  The  priruary  roil:  B.  the  »conilary  rnU :  /".  biiiduiK  poata  to  which  are  at- 
tached the  w'xnKH  frnm  the  huri«rv.  thev  eonneot  witli  the  ends  uf  coll  A:  /".binding  pmta 
oonnoctine  with  ends  of  cnil  H,  tnrouen  which  the  jjiiiuctiati  current  la  led  OD ;  S,  the  slide, 
with  scalft^  In  which  cot)  li  la  moved  tu  ait«r  its  dLBtan;;Q  from  A. 


cal  stimuli, — for  instance,  by  a  sharp  blow  applied  to  the  muscle ;  by 
thermal  stimuli, — that  is,  by  a  sudden  change  in  tern{)erature;  by 
chemical  stimuli. — for  example.  l>y  the  action  of  concentrated  solu- 
tions of  salts,  and  finally  by  electrical  stimuli.  In  practice,  how- 
ever, only  the  last  form  of  stimulus  is  found  to  be  convenient.  The 
mechanical  and  thermal  stimuli  cannot  be  well  applied  without  at 
the  same  time  injuring  the  muscle  substance,  and  the  same  is  prob- 
ably true  of  chemical  stimuli,  which  possess  the  disadvantage,  more- 
over, of  not  exciting  simultaneously  the  different  fibers  of  which 
the  muscle  is  composed.     Electrical  stimuli,  on  the  contrary-,  are 

•  '*Le^ona  sur  les  effets  des  Bubatances  toxiques  et  m^dicamcnteuses/' 
1867,  pp.  238  ei  acq. 
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appfied  eimly,  are  readily  controlled  as  regards  their  intensity,  and 
affect  mil  the  filters  simultaneously,  thus  f^vini:  a  co-ordinated 
coBUaction  of  the  entire  bundle,  as  is  the  case  with  the  normal 
attmuhts.  For  electrical  stimulation  we  may  use  the  galviinic 
eurreat  taken  directly  from  the  batter}',  or  the  induced  or  so-called 
iaradk  current  obtainetl  from  an  induction  coil.  Under  most 
QOodiSiaofl  the  latter  is  more  convenient,  nince  it  gives  brief  shocks, 
tha  8treng;th  and  number  of  which  can  be  controUetl  reatlily.  The 
lonD  in  which  this  instrument  is  used  in  experiment  al  work  in 
ptqnioiogy  we  owe  to  du  Boi&-Re>inond;  hence  it  is  frequently 
known  as  the  du  Boi^Reymond   induction   coil.     Experimental 

IpbjBMdogy  owet^  a  great  deiU  to  this  simple  and  serviceable  in- 
^  Wfc  T. — 8afa«iu»  of  indttctioD  apparatus. — (Lombfird.)    b   r«prcAeiit«    tbe  ipdvanlo 
^a^Umy  «0«»*ct#d  by  wires  to  tbe  pnmary  coil,  A.     On  the  coura<r  nt  one  of  thoM  wires 
■  ^kivinto  make   and  break   th«  currant.      A  ehowa  the   principle  of   the  Hecon<iary 
tmA  tM  «oooc«lioa  of  it«  two  enda  with   the  nerve  of  a  nerve-mOsrle  preparation. 
B^M  batt^y  current   U  cloaed  or  mode   in  A,  %  brief   current   of  hioh    intonaity  ia 
ma    bi  B.   Tbia  t»  knnwn  a*  tbe  makinfc  or  doainK  ahock.      When  the  battery  current 


E&: 


in  ^,  a  veconU  bri«(   inductioo  current  ia  arouiwd  in  B, 
er  opccunf  ebock. 


'Ihia  IB  known  as  the 


I 


itmnient.     A  figure  and  brief  description  of  tbe  apparatus  are 
■PfMSided  (Figg..  0  and  7). 

Simple  Contractioa  of  Muscle. — Experiments  may  be  made 
ipon  the  muscles  of  various  animals,  but  orduiarily  in  physiolog- 
itti.  laboratories  one  of  the  muscles  (gastrocnemius)  of  the  hind 
leg  of  the  frog  is  employed.  If  such  a  muscle  is  isolated  and 
eoimected  with  the  terminals  from  an  induction  coil  it  may  be 
ftimulateci  by  a  single  shock  or  by  a  series  of  rapidly  repeated 
•boci».  The  contraction  that  results  from  a  single  stimulus 
is  designated  as  a  Himple  contruction.  In  the  frog's  muscle  it  is 
vwy  brief,  looting  for  O.l  secontl  or  less;  but  in  this,  as  in  other 
fCipeets.  cross-striated  muscular  tissue  varies  in  different 
animate,*  as  is  shown  by  the  accompanying  table,  which  gives  a 
gtOKTMl  idea  of  the  range  of  rapidity  of  contraction: 


*GMb,  **AMhiv  r.  Anat.  u.  Ph>'Kiol.."  1H80,  suppl.  volume,  p.  147. 
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DURATION  OF  A  SIMPLE  MUSCULAR  CONTRACTION. 

Insect 0.003  aec. 

Rabbit  (Marey) 0.070    " 

Frog 0.100    " 

Terrapin 1.000    " 

The  series  may  be  continued  by  the  figures  obtained  from  the 
plsia  muscle,  thus: 

The  involuntary  muscle  (mammal) 10.00 

Foot  muscle  of  slug*  (Ariolimax) 20.00 

The  duration  of  the  simple  contraction  varies  considerably 
in  the  muscles  of  different  parts  of  the  same  animal.  Thus, 
according  to  Cash,  the  hyoglossal  muscle  in  the  frog  requires 
0.205  to  0.3  second,  while  the  gastrocnemius  takes  0.12  second; 
in  the  tortoise  the  pectoralis  major  requires  1.8  seconds,  the 
omohyoid  only  0.65  second;  in  the  rabbit  the  soleus  (a  red 
muscle)  requires  1  second,  the  gastrocnemius  (a  pale  muscle) 
0.25  second.  On  examining  into  these  differences  it  may  be 
shown  that  the  variations  bear  a  relation  to  the  special  functions 
of  the  muscles.  Where  rapid  movements  are  requisite  or  advan- 
tageous the  muscle  shows  the  property  of  quick  contraction  and 
relaxation,  while  in  other  places,  in  which  maintenance  of  con- 
traction is  the  more  important  feature,  the  properties  of  the 
muscle  have  been  developed  so  as  to  adapt  them  to  this  kind  of 
contraction.  The  skeletal  and  the  plain  muscles  exhibit  the 
extreme  examples  in  this  form  of  adaptation. 

The  Curve  of  Contraction. — ^When  a  contracting  muscle  is 
attached  to  a  lever  this  lever  may  be  made  to  write  upon  a  smoked 
surface  and  thus  record  the  movement,  more  or  less  magnified 
according  to  the  leverage  chosen.  If  the  recording  surface  is  sta- 
tionary the  record  obtained  is  a  straight  line  and  indicates  only  the 
extent  of  the  shortening.  If,  however,  the  recording  surface  is  in 
movement  during  the  contraction  the  record  will  be  in  the  form  of  a 
curve,  which,  making  use  of  the  system  of  right-angled  co-ordinates., 
will  indicate  not  only  the  full  extent  of  the  shortening,  but  also 
the  amount  of  shortening  or  subsequent  relaxation  at  any  moment 
during  the  entire  period.  To  obtain  such  records  from  the  rapidly 
contracting  frog's  muscle  it  is  evident  that  the  recording  surface 
must  move  with  considerable  rapidity  and  with  a  uniform  velocity. 
A  curve  of  this  kind  is  represented  in  Fig.  8.  C  represents 
the  axis  of  abscissas  and  gives  the  factor  of  time.  A  vertical 
ordinate  erected  at  any  point  on  C  gives  the  extent  of  shortening 
at  that  moment.  Below  the  curve  of  the  muscle  is  the  record 
of  the  vibrations  of  a  tuning  fork  giving  100  double  vibrations 
per  second;  that  is,  the  distance  from  crest  to  crest  represents  an 
*  Carlson,  "American  Journal  of  Physiology,"  10,  418,  1904. 
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interval  of  riiF  of  a  second.  Three  principal  facts  are  brought  out 
by  on  anal>*sis  of  the  curve:  I.  The  latent  period.  By  this  is 
eanuit  that  the  mu-scle  does  not  hcgin  to  shorten  until  a  certain 
time  aft^r  the  stimulu:s  is  appUed.     On  the  curve  the  stimulus 


t  tt(.  8.  — Cur\-«  of  ntnplo  miuiculnr  C' 


■ni.t  r.i.  Ii..n, 


ftitms  the  muscle  at  ^.  and  the  distance  between  this  point  and  the 
le»iinjnie  of  the  rise  of  the  curve,  inteipreteil  in  time,  is  the  latent 
period  II.  The  pha.se  of  shortening,  which  has  a  definite  course 
•od  at  its  end  immediately  passes  into  III.,  the  phase  of  relaxation. 

The  Latent  Period. — In  the  contraction  of  the  Ls<jluted  frog's 
muaekis  &s  a-^ually  recorded  the  latent  period  amounts  to  0.01  sec., 
but  it  Is  generally  assumed  that  this  i)eriofi  Ls  exaggerated  by  the 
method  of  recording  used,  since  the  elasticity  of  the  muscle  itself 
piWBitfl  the  immediate  registration  of  the  movement.  By  improve- 
BeDto  in  methods  of  technique  the  latent  period  for  a  fresh  muscle 
may  be  reduced  to  as  little  as  0.<)()5  or  even  ().()04  sec.  Under  the 
eoncBtioma  in  the  body,  however,  the  muscle  contracts  against  a 
kmd,  as  when  lifting  a  lever;  hence,  we  may  assume  that  normally 
tlim*  bt  a  lost  time  of  at  least  0.01  sec.  after  the  stimulus  enters  the 
muscle.  In  addition  to  the  latent  i)eriod  due  to  the  elasticity 
of  the  muscle  it  is  certain  that  a  brief  amount  of  time  actually 
thpwi?a  after  the  stimulus  entei-s  the  muscle  before  the  act  of 
ibofftening  begins;  some  time  Ls  taken  up  in  the  chemical  changes 
•ad  the  effect  of  thewe  changes  in  putting  the  mechanism  of  con- 
tZBCtkm  into  play  (sf*c  l>elow  on  the  Theor>'  of  Mu.scle  Contractions), 
The  latent  j>eriod  varies  greatly  in  muscles  of  different  kinds,  and  in 
the  aune  mustrle  varies  with  its  conditions  aa  regards  temperature, 
bittiriie,  load  to  bo  raised,  etc. 

The  Phases  of  Shortening  and  of  Relaxation.— In  the  normal 
frog's  luuscle  the  phjise  of  shortening  for  a  simple  contraction  occu- 
pies about  O.fM  st^-ond,  while  the  relaxation  may  Ije  a  trifle  longer, 
0j06  aec.  In  musclcfl  whose  duration  of  contraction  differs  from 
thatlsf  the  frog  the  time  values  for  the  shortening  and  the  relaxation 
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exhibit  corrc^sponiiing  differences.  As  wo  have  seen,  the  appearance 
of  the  niusrle  filler  when  viewed  by  polarized  lifrht  indicates  that 
during  the  phase  of  shortiMiing  the  most  markenl  phvMcal  change 
occurs  in  the  anisotropic  hand.  Whatever  may  be  the  nature 
of  this  change,  it  is  evidently  a  reversible  one.  After  reaching 
its  maximum  it  proewds  in  the  opposite  <tirection.  the  particles 
return  to  their  original  position,  and  a  relaxation  occurs.  Many 
conditions,  some  of  wiiich  will  be  described  below,  alter  the  time 
necesfiary  for  these  processc^s,  that  is,  the  duration  of  the  simple 
contraction.  It  is  noteworthy  that  it  is  the  phase  of  relaxation 
whieh  may  be  most  easily  prolonged  or  shortened  by  varying 
conditions. 

Igotonic  and  Isometric  Contractions. — In  the  method  of  recording  tlie 

shortening  of  the  nm^tde  that  Ls  de-c  rihetl  alxive  the  nui.s<-le  U  suppose* I  to  con- 
trnrt  aKfti»«l  a  constant  luad  which  tl  uui  hft.  Surh  a  contrartion  Is  sfwlcen 
of  a*-  an  isotonic!  oontracliniK  If  the  iinisrlc  is  allo^veil  to  coiitrai't  ngain>t 
a  tension  too  groat  f</r  it  to  ctvcrconie — ti  stiff  spnn|f»  for  in-Htaiict — it  is  prac- 
tically prevented  from  shortenmp,  and  a  conirat'troii  of  this  kint),  in  which 
the  lenp:th  of  the  nnisHe  remains  unrhmiged,  i-s  sfM>ken  of  a-;  an  isometrit* 
contraction.  A  cnrve  of  Muh  a  roiitrartion  may  l>e  (*htaine«l  by  niaf^nifving 
greatly,  hy  niean.s  of  levers,  the  sliglsi  change  in  the  stiff  tipring  ugairisi  wliich 
the  muscle  Is  rontracting  Such  a  riir\'e  gives  a  pirttire  «»f  tne  hheration  of 
energy  within  the  inusfle  during  contraction. 

The  usual  o\'al  form  of  dynamometer  employed  to  record  the  grip  of  the 
fJexont  of  thn  fingers  gives  an  isometric  record  of  the  energy  of  contraction 
of  these  nuLsclc^. 


FSg.  9. — Effeci  of  varyinn  *he  rtren^tb  of  fltimuhu.  The  figure  shows  the  eff«*l  upon 
the  outrocnemiun  ihum:!**  of  n  frog  of  ^niduAlly  inoreaflmc  the  ittimuluH  (brvakinc  iiidurtinn 
ahooT)  until  maxinium  oontrmcUonK  were  obt^dnsd.  The  stimuli  were  then  clecraa«erl  in 
utroagth  and  the  contra«tio<u  fetl  off  throufh  a  Nerim  nf  srnulually  (lecn>aj«inc  sutHnaxirnal 
ooutraeCionii.  Tlie  wnes  up  and  down  is  not  abwilutely  regular  nuinu  lo  the  difficulty  of 
obtaining  a  r«aular  increa*«  or  decreaM  in  thp  stimuluK.  (Tho  proIoiiKationM  of  the 
ourvaa  bdow  the  ham  tine  are  due  to  the  elastic  exteniUDn  of  the  niti.**cle  by  the  weiebt  dur- 
ing relaxation.) 


Effect  of  Strength  of  Stimulus  upon  the  Simple  Contraction. 

— ^The  strength  of  eleclrical  .stimuli  can  hv  varied  conveniently  and 
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with  gmit  accuracy.  When  the  stimulus  is  of  such  a  strength  as 
to  pnodooe  a  jtist  visible  contraction  it  is  spoken  of  as  a  niininial 
fltimulus  and  the  resulting  contraction  as  a  nnnimal  contraction. 
Stimuli  of  less  strength  than  the  minimal  are  tie>^ignatecl  ai^  sub- 
minimal. If  one  iiicreascs  gratiually  the  inteiusity  of  the  electrical 
rurreot  used  as  a  stimulus  without  altering  its  duration,  beginning 
%  '  "  1-  sufficient  to  cause  a  niiiiinial  contraction,  the  result- 
ecif  u^  increase  proix>rtionally  up  to  a  certain  maximum 

trycmd  whjch  further  increase  of  stimulus^  other  conditions  remain- 
iDt^  the  8anie,  causes  no  greater  extent  of  shortening.  Contrac- 
tiom  betvneen  the  minimal  and  the  maximal  are  designated  as 
iubmnximal.*      (See  Fig.  9.^ 

Effect  of  Temperature  upon  the  Simple  Contraction.— Varia- 
ifcMift  m  temperature  affect  both  the  extent  and  the  duration  of  the 
eoolmclion.  The  relatioaship  is,  however,  not  a  simple  one  in  the 
mm  d  the  frog's  muscle  upon  which  it  has  l>een  studied  most  fre- 
I/wc  pay  attention  to  the  extent  of  the  contraction  alone 
be  found  that  at  a  certain  temperature,  0°C.,  or  .^lightly  Mow, 


FiC-  iO. — Omn  Aowiac  the  effect  of  temperature.  Ttie  teniperaluras  at  which  the 
#iia<w  wei*  ofatkiiMd  w  indicated  nn  the  hieure.  In  thiA  exp«rimefi(  a  Urite  reniA* 
«w  int«uUiieed  into  the  •crcmdao'  circuit  so  Ihat  chAitpn*  in  ttie  re«utiincF  of  the 
"  dtM  to  boKling  cuuld  not  affect  Ibe  strength  of  Uie  stimulus. 


the  muscle  loses  its  irritability  entirely.  As  its  temperature  is 
rMied  a  Riven  »tim\dtis,  chosen  of  such  a  stren^h  as  to  be  maximal 
Cor  the  mu-icle  at  room  temi>eratures,  causes  greater  and  greater 
eootrartkins  up  to  a  certain  maximum,  which  is  rea<:hed  at  atx)ut 
5*  to  9°  C.  As  the  temperature  rise.s  l^eyond  this  point  the  con- 
tnkctiorui  dccretise  >*omewhat  to  a  minimum  that  is  a»iche<l  at  about 
15**  to  1S°  C.  lieyond  this  the  contractions  again  increase  in 
*  Fick.    "  Untrrauchuogcn    Uber    elektrische    Nervenreixung, "    Brmiin- 
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extent  to  a  second  maximam  &t  about  26"^  to  30°  C  this  maxi- 
mum bring  in  scHne  cases  greater,  and  in  others  less  than  the  first 
maximum.  B^ond  the  second  maximum  the  contractions  agun 
decrease  rather  rapidly  as  the  temperature  rises  until  at  a  certain 
temperature,  37°  C.  irritability  is  entirely  lost  (Tig.  10).  If  the  tem- 
perature is  raised  somewhat  beyond  this  latter  point  heat  rigor  makes 
its  appearance,  and  the  musde  may  be  con^dered  as  dead.  The  re- 
lationship between  temperature  and  extent  of  contraction,  ther^oiey 
may  be  expressed  by  a  curve  such  as  is  represented  in  Fig.  11,  in 
which  there  are  two  maxima  and  two  points  at  which  irritability  is 
lost .  The  second  mATimum  indicates  a  fact  of  general  {^y siolo^cal  in- 
terest,— namely,  that  in  ail  of  the  tissuesof  the  body  there  is  a  certain 
hi^  temperature  at  which  optimum  activity  b  exhibited,  and  if  the 
temperature  is  raised  beyond  this  point  functional  activity  becomes 


UU% 


Fi|p  11.— Omre  to  show  the  effect  of  m 
ffipe  M  tempermtme  from  0*  C.  to  3S*  C.  opoo 
the  bei^t  of  eootrmction  of  frac's  mttsde. 
The  fiirst  mAximum  at  9°  C.  the  seeond  at 
28*  C.  Beyood  38**  C.  the  mosele  lost  ita 
•rritabOhy  and  went  into  ricor  mortis. 


* 


Fiff.  t2L— Oirre  to  dbcnr  the  08M 
of  a  riae  of  temperature  from  5*  C.  to 
30*  C.  upon  the  duroHam  of  eontraetioii 
of  fros's  muscle.  The  relatiTe  dara- 
tioDs  at  the  different  tetnperatarea  are 
re^HesHtted  by  the  hei^t  of  the  eor* 
reapoodinc  ordinataa. 


more  and  more  depressed.  The  point  of  optimum  effect  is  not  iden- 
tical for  the  different  tissues  of  the  same  animal,  much  less  so  for 
those  of  different  animals,  but  the  fact  may  be  emphasized  that  in 
no  case  do  protoplasmic  tissues  withstand  a  ver}-  high  temperature. 
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m  Functiooal  activity  is  lost  usually  at  45°  C.  or  below.  The  duration 
H  of  the  contraction  shows  usually  in  frop*'  muscles  a  simple  relation- 
y  Aip  lo  the  rhange?  of  temperature.  At  low  temperatures,  4  or  5°  C, 
the  contractions  are  enormously  prolonged,  particularly  in  the  phase 
of  rriantttion  ;  but  as  the  temperature  is  raised  the  duration  of  the 
coBftactaoDB  diminishes,  at  first  rapidly,  then  more  slowly,  to  a 
mlaJJl  pcnnt — about  18°  to  20°  C,  l>eyond  which  it  remain.^  more  or 
!■■  constant  in  apite  of  the  changes  in  extent  of  shortening.  The 
idation&hip  between  duration  of  contraction  and  temperature  may 
thBrafonB  be  expressed  by  such  a  curve  as  is  shown  in  Fig.  12,  in 
viiMi  the  heijrhts  of  the  ordinales  represent  the  relative  durations 
of  the  t  :  Kins.     Muscles  from  different  frogs  show  considerable 

niaor  n.s  in  their  reactions  to  changes  in  temperature,  and 

W9  may  suppose  that  these  variations  dej>end  ujxjn  differences  in 
Bntritive  condition.  In  this,  as  in  many  other  respects,  the  reac- 
tioofl  obtained  from  so-called  winter  frogs  after  they  have  prepared 
tor  hibernation  are  more  rcRular  and  typical  than  those  obtained 
ID  the  opring  or  summer. 

Effect  of  Veratrin. — The  alkaloid  veratrin  exhibits  a  peculiar 

int4Testing  effect  upon  the  contraction  of  muscle.     A  muscle 

from  a  veratrinized  animal  and  stimulated  in  the  usual 

way  by  a  single  stimulus  gives  a  contraction  such  as  is  exhibited 

in  tbr  accompanying  curve  (Fig.  13).     Two  peculiarities  are  shown 

■  by  the  curve:    (1)  The  phase  of  shortening  is  not  altered,  but  the 

^^^M(  of  relaxation  is  greatly  prolonged.     (2)  The  curve  shows 

^^i^Vbmmit^,^ — that  is,  after  the  first  shortening  there  is  a  brief 

rria.xation  followed  by  a  se<!ond,  slower  coiitniotion.     The  cause 

of  tfaia  second  shortening  is  not  known.     Biedemann  has  sug* 

paUd  that  it  is  due  to  the  presence  in  the  mu8<'le  of  the  two  kinds 

rf  fibcn — red  and  pale — which  were  spoken  of  on  p.  ID,  and  that 


Kit-  13.^-<^irve  showinff  Uia  effect  of  vomtrin. 


the 


v«ratnn    dissociates  their  action,  but  this  explanation,  ac- 
to  Carvallo  and  Weiss,*  is  disproved  by  the  fact  that 
oompo9»Mi  t-atirely  of  white  or  red  fibers  show  a  similar 
IMitlt  from  the  action  of  veratrin.     It  would  seem  more  probable^ 

*  "Journal  do  U  pbysiol.  et  de  la  patb.  K^nt^rale,"  ]8V)9. 
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therefore,  that  two  different  contraction  processes  are  initiated  by 
the  stimulus,  one  much  more  rapid  than  the  other.  Many  other 
facts  in  physiology  speak  for  this  general  view  that  a  muscle  may, 
according  to  conditions,  give  either  a  quick  contraction  (twitch) 
or  a  more  slowly  developing  contraction,  with  a  prolonged  phase  of 
relaxation  (tone  contraction).  This  latter  feature  constitutes  the 
characteristic  peculiarity  of  the  curve  of  a  veratrin  contraction. 
A  somewhat  similar  effect  is  produced  by  the  action  of  glycerin, 
nicotine,  etc.  We  have  in  such  substances  reagents  that  affect 
one  phase  of  the  contraction  process  without  materially  influenc- 
ing the  other.  As  regards  the  veratrin  effect,  it  becomes  less  and 
less  marked  if  the  muscle  is  made  to  give  repeated  contractions, 
but  reappears  after  a  suitable  period  of  rest.  The  peciihar  action 
of  the  veratrin  is,  therefore,  antagonized  seemingly  by  the  chemical 
products  formed  during  contraction. 

Contracture. — The  prolonged  relaxation  that  is  so  character- 
istic of  the  veratrinized  muscles  may  be  observed  in  frog's  muscle 
under  other  circumstances,  and  is  described  usually  as  a  con- 
dition of  contracture.  By  contracture  we  mean  a  state  of  main- 
tained contraction  or,  looking  at  it  from  the  other  point  of  view, 
a  state  of  retarded  relaxation. 

This  condition  is  often  exhibited  in  a  most  interesting  way  when  a  muscle 
is  repeatedly  stimulated.  In  some  cases  it  develops  at  the  beaiinning  of  a 
series  of  contractions,  as  is  represented  in  Fig.  14,  which  pictures  the  phenome- 
non as  it  was  first  described.*  In  other  cases  it  appears  later  on  in  the  curve, 
preceding  or  following  the  development  of  the  state  of  fatigue.  Whenever 
it  occurs  the  effect  is  to  hold  the  muscle  in  a  state  of  maintamed  contraction  or 
tone,  on  which  is  superposed  the  series  of  quick  contractions  and  relaxations 
due  to  the  separate  stimuli.  When  the  condition  develops  early  in  the  fimc- 
tional  activity  of  the  muscle  (Fig.  14)  further  acti\'ity  usually  causes  it  to  dis- 
appear, and  the  condition  of  the  muscle  as  a  mechamsm  for  prompt  shortening 
and  relaxation  is  improved.  We  have  in  this  fact  apparently  an  indication 
of  one  way  in  whicli  the  "warming  up"  exercise  before  athletic  contests  may  be 
of  value.  When  the  contraction  appears  late  in  the  series  of  contractions 
it  is  usually  permanent,  that  is  to  say,  it  wears  off  only  as  the  muscle  relaxes 
slowly  from  fatigue.  Toward  the  end  of  such  a  series  the  muscle  is  often 
practically  in  a  state  of  continuous  contraction,  a  condition  which  would 
nullify  its  ordinary  use  in  locomotion.  It  seems  possible  that  certain  con- 
ditions of  tonic  spasm  or  cramps  which  occur  during  life  may  involve  this 
process,  for  example,  the  temporary  cramp  that  sometimes  attacks  a  player 
m  athletic  games,  or  the  curious  spasmodic  condition  known  as  intermittent 
claudication,  in  which  the  muscles  on  exercise  are  thrown  into  a  state  of 
tonic  contraction.  From  the  physiological  standpoint  the  phenomenon  of 
contracture  when  compared  with  that  of  the  simple  contraction  indicates  the 
possibilitv  that  two  different  contraction  processes  may  take  place  in  muscle, 
one  involving  the  state  of  tone  and,  therefore,  the  length  and  hardness  of 
the  muscle,  the  other  controlling  the  movements  proper.  This  suggestion 
has  been  made  by  a  number  of  authorsf  on  various  grounds.     It  has  been  sug- 

*  Tiegel,  "Pfliiger's  Archiv  fiir  die  gesammte  Physiologie,"  etc.,  13,  71, 
1876. 

t  See  especially  Uexkull,  "Zentralblatt  f.  Physiologie,"  1908,  22,  33;  also 
Guenther,  "American  Journal  of  Physiology,"  1905,  14,  73. 


rtn  PHENOMEVOK  or  contraction. 


It  ihni  there  are  two  liifTiTcnt  contractiio  substances  in  muscle, 
_  Uir  u-nial  q^iiick  contraction,  known  na  a  "twitch,"  the  other  the 
ctQAtmrtion,  whieb  exhibits  itself  aa  tone  or  oontracture.* 


The    Effect    of    Rapidly    Repeated    Contractions. —Whon    a 
istimulutcd  rep<»atedly  by  stimuli  of  equal  strength  that 

"Travaux  du  laboratoirc  de  Physiologie,"  Institut  Solvuy.  1902, 
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fall  into  the  musrle  at  equal  intervals  the  contractions  show  certain 
features  that,  in  a  general  way,  are  ounstant,  although  the  precise 
degree  in  which  they  are  exhihited  varies  curiously  in  different 
animals.  Such  curv^es  are  exhihited  in  Figs,  14.  15,  and  16,  and 
the  features  worthy  of  note  may  be  specified  briefly  as  follows: 


Fig.  15.  —  Effwt  oi  reiwatpcl  stimulftfion:  complpte  qur\T.  showinij;  late  rontnictun. 
The  mutwlA  wiui  ^JtiniiUiited  by  induction  Hhuck.4  at  tlie  rai*  of  30  per  minute.  The  separmta 
flontnctirHia  are  so  close  tonether  that  they  con  not  be  distxaKiusbed. 


Fig.  Ifi. — Rffeet  nf  ppp<»jitefi  fitimiilfttifkn.  eurve  shnwinR  no  mnTrnoturoor  very  Utile. 
The  muscle  was  stimulatra  by  induction  shocks  nt  (!i(>  raltt  af  50  wr  minute.  A  very 
sliKht  contmcture  U  abown  in  the  beeiinninK.  but  aubHet^uentty  the  cauimclinna  shuw 
onTy  a  dimmistied  extent,  the  rate  of  reLKxatiua  remaimnic  appArantly  uuchmcciKl- 

1.  The  Inirodudory  Contractions. — The  first  three  or  four  eon- 
tractions  decrease  slightly  in  extent,  showing  that  the  muscle  at 
first  loses  a  little  in  irritability  on  account  of  previous  contractions. 
This  phenomenon  is  frequently  absent. 

2.  The  Staircase  or  "  Trcppc." — After  the  first  slight  fall  in 
height  has  passed  off  the  contractions  increase  in  extent  with  great 


THE    PHENOMENON   OF   CONTRACTION. 


36 


regcul&rity  and  often  for  a  surprisingly  lar^e  number  of  contractions. 
This  gradual  increase  in  extent  of  short enin^f,  with  a  constant 
atimalus,  was  finit  noticctl  by  Bowditcfi  upon  the  hrurt  nuiscle, 
and  was  by  him  named  the  phenomenon  of  "treppe,"  the 
German  word  for  stairea^ie.  It  indicates  that  the  effeet  of  activity 
k  in  the  beginning  l>eneficial  to  the  muscle  in  that  its  irritability 
Ptfladflr  increases,  anti  the  fact  that  the  same  result  has  l>een  ol>- 
taniBd  fr\>m  heart  mu-scle^  plain  niusrle,  and  ner\'e  Hljers  indicates 
that  it  may  be  a  general  physiological  law  that  functional  activity 
leads  al  first  to  a  height4^ned  irrituliility.  According  to  Lee,* 
the  •*trpppe"  in  muscle  is  due  to  an  initial  increase  nf  irritability 
•rt  up  by  the  chemical  products  formed  during  contraction. 

3.  VoniraciuTc. — This  phenomenon  of  inaintaineti  contraction 
hae  been  described  above.  In  frogs'  muscles  stimulated  repeat- 
edly it  makes  it«  appearance^  as  a  rule,  sooner  or  later  in  the 
aerlas  of  contractions;  but  there  is  a  curious  amount  of  variation 
in  the  muscles  of  different  individuals  in  this  respect. 

4.  Fatigue. — After  the  |jerit»d  of  the  "  treppe  *'  has  passed,  the 
eootrartions  diminish  steadily  in  height,  until  at  last  the  muscle 
fails  entirely  to  respond  to  the  stimulus.  This  progressive  loss  of 
irritability  in  the  muscle  caused  by  repeate<l  twMivity  is  designated 
ai>  fatig^ue.  It  will  be  considered  more  in  iletail  under  the  hea^l  of 
Compound  Muscular  Contractions  and  in  Chaf^ter  II.  The 
eorvc  obtained  in  an  exp)eriment  of  this  kind  illustrates  in  a 

way  one  of  the  general  charar'teristics  of  living  matter^ 
f,  that  every  effective  stinmlus  applied  to  it  leaves  a  record, 
so  to  speak.  The  muscle  in  this  case  is  in  a  changed  condition 
after  each  stimulus,  as  is  indicated  by  the  difference  in  its  re- 
sponse to  the  succeeding  stinmlus.  While  it  cannot  be  said  that 
a  amilar  effect  has  been  shown  in  all  tissues,  still  the  evidence  in 
gBoeral  points  that  way,  and  some  of  the  complicated  phenomena 
exhibiteil  by  living  matter,  such  as  menior}-,  habits,  immunity, 
el«,,  arc  referable  in  the  long  run  to  this  underlying  peculiarity. 

Lee  has  difloovcrecl  the  intereirtin^  fact  that  while  in  frog's  muscle,  aa  a 
nile,  fJhUgue  is  acoomfiflnied  by  a  pmlon^ration  of  the  curve,  especially  of  the 


rol  relaxation,  thi^  does  not  hold  for  maininalian  muscle.     In  the  latter 
tfie  succeasive  contractioiu  become  smaller  aa  fatigue  seta  in,  but  their 
dantioo  is  not  increaaed. 

The  Contraction  Wave. — Under  ordinary  conditions  the  fibers 
o(  a  muscle  when  ^tinudated  contract  simultaneously  or  nearly  so, 
and  the  whole  extent  of  the  muscle  is  practically  in  the  same  phaae 
oC  contraction  at  a  given  instant.  It  is  comparatively  easy  to 
how'ever,  that  the  process  of  contraction  spreads  over  the 
B,  fn>m  the  point  stimulated,  in  the  form  of  a  wave  which  moves 
•  8fe  "Auifncjui  Journal  of  Physiolofiy,"  1907,  18,  287. 
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with  a  definite  velocity.  In  a  long  muscle  with  parallel  bundles  of 
fibers  one  may  prove,  by  proper  recording  apparatus,  that  if  the 
muscle  is  stimulated  at  one  end  a  point  near  this  end  enters  into 
contraction  before  a  point  farther  oflF.  Knowing  the  difference  in 
time  between  the  appearance  of  the  contraction  at  the  two  points 
and  the  distance  apart  of  the  latter,  we  have  the  data  for  determin- 
ing the  velocity  of  its  propagation.  In  frog's  muscles  this  velocity 
is  foimd  to  be  equal  to  3  or  4  meters  per  second,  while  in  human 
muscle,  at  the  body  temperature,  it  is  estimated  at  10  to  13  meters 
per  second.  Knowing  the  time  it  takes  this  wave  to  pass  a  given 
point  (d)  and  its  velocity  (v),  its  entire  length  is  given  by  the 
formula  i  =  yd.  In  the  frog's  muscle,  therefore,  with  a  velocity  of 
3000  mm.  per  second,  and  a  duration  of,  say,  0.1  second,  the 
product  (3000x0.1  =300  mms.)  gives  the  length  of  the  wave  or 
the  length  of  muscle  which  is  in  some  phase  of  contraction  at  any 
given  instant.  Under  normal  conditions  the  muscle  fibers  are 
stimulated  through  their  motor  plates,  which  are  situated  toward 
the  middle  of  the  fiber,  or  perhaps  one  muscle  fiber  may  have 
two  or  more  motor  plates,  giving  two  or  more  points  of  stimula- 
tion. It  follows,  therefore,  from  this  anatomical  arrangement 
and  the  great  velocity  of  the  wave  that  all  parts  of  the  fibers 
are  in  contraction  at  the  same  instant  and,  indeed,  in  nearly  the 
same  phase  of  contraction.  Under  abnormal  conditions  muscles 
may  exhibit  fibrillar  contractions;  that  is,  separate  fibers  or  bundles 
of  fibers  contract  and  relax  at  different  times,  giving  a  flickering, 
trembling  movement  to  the  muscle. 

IdiomuBCular  Contractions. — In  a  fatigued  or  moribund  muscle  mechan- 
ical stimulation  may  give  a  localized  contraction  which  does  not  spread  or 
spreads  very  slowly,  showing  that  the  abnormal  changes  in  the  muscle  prevent 
tne  excitation  from  traveling  at  its  normal  velocity.  A  localized  contracti<m 
of  this  kind  was  designated  by  SchifT  as  an  idiomuscular  contraction.  It  may 
be  produced  in  tiie  muscle  of  a  dying  or  recently  dead  animal  by  localized 
mechanical  stimulation,  as  by  drawing  a  blunt  instrument — e.  g.,  the  handle 
of  a  scalpel — across  the  belly  of  the  muscle.  Tlie  point  thus  stimulated  stands 
out  as  a  wheal,  owing  to  the  idiomuscular  contraction. 

The  Energy  Liberated  in  the  Contraction. — When  a  muscle 
contracts,  energy'  is,  as  we  say,  liberated  in  several  forms,  and 
can  be  measured  quantitatively.  First,  there  is  a  production  of 
heat,  which  is  indicated  by  a  rise  in  temperature  of  the  muscle.* 
According  to  Heidenhain,  the  temperature  of  the  frog's  muscle 
is  increased  in  a  single  contraction  by  0.001°  C.  to  0.005°  C.  Larger 
muscles,  such  as  those  of  the  thigh  of  the  dog,  when  repeatedly 
stimulated  may  cause  a  rise  of  temperature  of  from  1°  to  2°  C. 
The  thermometer  does  not,  of  course,  measure  the  amount  of  heat 

*  For  general  discussion,  see  Tigerstedt  in  Winterstein's  "Handbuch  d. 
vergleich.  Physiologic." 


IWB   PHENOMENON   OF   CONTRACTION. 


87 


I 


pruduoed,  but  only  the  temperature  of  the  muscle.  Heat  is  esti- 
mated quantitatively  in  terms  of  calories.  By  a  calorie  is  meant 
tht  quantity  of  heat  necessan-  to  raise  1  gm.  of  water  1°  C, 
Knowing  the  sf>ecihc  heat  and  weight  of  muscle,  we  can  readily 
calculate  the  number  of  calories  produced.  I'hus,  if  a  frog's 
imiflclG  weighing  2  gms.  shows  a  rise  of  temperature  of  0.005^  C. 
frofn  a  single  contraction  the  production  of  heat  in  calorics  i^  given 
by  multiplying  the  weight  of  the  muhicle  by  its  sjx^cific  heat, 
0.83,  to  reduce  it  to  an  equivalent  weight  of  water,  and  this 
praduet  by  the  rise  in  temperature:  2  X  0.83  X  0.005  =  0.UJH3 
cmiorie.  The  fact  that  muscular  exercise  increases  the  produc- 
tini  of  he&t  in  the  body  is  a  matter  of  general  observation.  Making 
■se  of  a  very  sensitive  thermo-couple,  Hill*  has  been  able  to 
ngJBtor  the  prcxluction  of  heat  in  an  excis*»d  frog's  muscle.  In  the 
of  a  simple  contraction  or  twitch,  the  pro<hn:tioTi  of  the  heat 
practically  inst-antaneous,  indicating  an  underlying  chemical 
of  explosive  suddenness.  Analyses  of  the  Ralvanometric 
obtained  in  these  exjjeriments  show  that  there  is  also  a 
delftjfed  heat  production  which  occurs  lifter  the  contraction  is 
over.  Wr  njay  say.  in  fact,  that  the  result  of  a  stimulus  causing  a 
eoatraction  is  to  set  up  two  processes,  each  of  which  leads  to  the 
development  of  hejit.  The  heat  produced  in  the  first  process  is 
dKectible  during  the  contraction,  while  that  caused  by  the  second 
pcoecw  i^  subsequent  Xaj  the  act  of  shortening  and,  therefore,  is 
not  directly  connected  with  the  changes  leading  to  contraction. 
Tbe  fliicnifif ance  of  this  delayed  heat  production  will  be  referred  to 
ts  coonection  with  the  chemical  changes  of  contraction  and  the 
theoriea  of  ma'^<'le  contmction.  Second.  Some  electrical  energ>'' 
ia  dcTelope<1  during  the  contraction.  The  means  of  detecting 
aad measuring  this  energy  will  l>e  descrilxnl  in  a  substvpient  chapter. 
ConaiderDd  quantitatively,  the  amount  is  small.  Third.  Work 
b  doDr  if  the  muscle  is  allowed  to  shorten  during  the  contraction. 
By  work  is  meant  external  or  useful  work^that  is,  the  mu-scle  lifts 
a  Wright  or  overcomes  an  opposing  resistance.  If  a  muscle  con- 
tracts against  a  weight  too  heavy  to  be  hfterl,  or  a  resistjince  too 
Jtroog;  to  be  overcome,  it  does  no  external  work,  although,  of 
roun^*.  much  energv'  is  lilx^ruted  as  heat  or,  as  it  is  st»metirnes  callcil, 
internal  work.  The  work  done  by  a  muscle  during  contraction  is 
meftsured  in  the  usual  mechanical  units,  by  the  product  of  the 
load  into  the  lift.  That  is,  if  a  muscle  lifts  a  weight  of  40  grams 
to  a  height  of  10  millimeters,  the  work  done  is  40  X  10  =  400 
KfmnMiiillimeters,  or  0.4  grammeter.  We  can  in  calculations 
raavert  external  work  into  heat  or  internal  work  by  making  use 
of  the  ascertained  mechanical  equivalent  of  heat^  according  to 
•  Hill  "Journal  of  Physiology,"  40.  389.  1910;  46,  28.  1913. 
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which  1  calorie  =  426.5  grammeters  of  work.  The  work,  0.4 
grammeter,  supposed  to  be  done  in  the  above  experiment,  would  be 
equivalent,  therefore,  to  0.4  h-  426,  or  about  0.001  of  a  calorie. 

The  Efficiency  of  the  Muscle  as  a  Work  Machine. — In  any 
engine  constructed  to  perform  external  work  it  is  desirable  to  know 
what  efficiency  the  engine  exhibits,  that  is  to  say,  what  per  cent,  of 
the  total  energy  given  to  the  engine  or  developed  in  the  engine  may 
be  obtained  as  external  or  mechanical  work.  If  we  represent  by  Q 
the  total  energy  developed  and  by  W  the  energy,  expressed  in  the 
same  unit,  obtained  as  work,  then  the  efficiency  E  is  given  by  the 
formula 

Numerous  experiments  to  determine  this  value  have  been  made 
upon  the  isolated  muscles  of  frogs.  These  muscles  can  be  taken 
from  the  body,  be  made  to  contract  under  different  loads  by  arti- 
ficial stimuli,  and  the  work  done  and  the  heat  developed  can  both 
be  measured  with  considerable  accuracy.  The  earlier  experiments 
of  this  kind  indicated  that  the  frog's  muscle  under  optimum  condi- 
tions may  exhibit  an  efficiency  as  high  as  25  to  30  per  cent.,  as  is 
shown  by  the  following  example  taken  from  Pick's  investigations:* 

Load.  Heat  Dndoped.      Mtchanicai  Work.      ^**'^^^."^'  Efficiency. 

200  gm.        25.6  microcalories.       2905  gm.-mni.         6.S3  microcalories.       -^.-^  —  26+  %. 

Experiments  have  shown  that  the  efficiency  of  different  muscles 
in  the  same  animal  varies  or  may  vary,  and  likewise  the  efficiency 
of  the  same  muscle  under  different  nutritive  conditions.  Many 
observations  of  a  similar  character  have  been  carried  out  upon  man 
when  doing  muscular  work  of  various  sorts,  such  as  mountain 
chmbing,  bicycle  riding,  etc.  In  such  experiments  the  total 
energy  given  off  during  the  work  may  be  estimated  by  the  methods 
of  direct  or  of  indirect  calorimetry  (p.  947).  In  the  former  case 
the  heat  produced  in  the  body  is  determined  directly,  in  the  latter 
case  it  is  estimated  on  the  basis  of  the  amount  of  material  con- 
sumed. The  body  at  rest  produces  constantly  a  certain  amount  of 
heat  which  can  be  measured.  In  determining  the  efficiency  of 
the  human  muscles  in  work  the  heat  production  during  rest  is 
subtracted  from  the  heat  production  during  work,  the  difference 
giving  the  new  energy  developed  in  the  muscles  during  work. 
Thus,  for  example,  in  experiments  made  at  the  Nutrition  Labora- 
tory of  the  Carnegie  Institution  results  of  this  kind  were  obtained  :t 

•  Fick,  "Pfltiger's  Archiv,"  16,  58,  1878. 

t  Benedict  and  Cathcart,  "Muscular  Work — The  Efficiency  of  the  Human 
Body  as  a  Machine,"  Carnegie  Institution,  1913. 
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The  average  results  of  such  experimenta  show  an  efficiency  of 
about  21  per  cent.,  which  compares  favorably  with  the  fip;urcs  ob- 
UiDed  for  mechanical  en(?inos,  such  as  the  steam  engine  (15  to  25 
percent.).  It  must  not  be  assumed,  however,  from  this  comparison 
'tlie  muscle  with  a  steam  en*rine  that  in  the  former,  as  in  the 
IT,  there  i.s  a  conversion  of  part  of  tlie  heat  to  mechanical  w^ork. 
view  was  heiti  formerly  in  physiology,  but  consitlcrations, 
are  referred  to  below  (p.  73),  have  convinced  most  physiol- 
ofpstfi  Uiat  the  muscle  is  not  a  heat  engine.  The  energy  that  is 
cxpTOOSed  as  work  is  derived  in  some  other  as  yet  undetermined 
way.  Nevertheless,  heat  is  evolved  by  chemical  changes  and 
Btttftrial  is  consumed  in  muscular  contraction  as  an  apparently 
aeeaanuy  part  of  the  process,  and  the  work  performed  Ijea-rs  to 
this  eoergy  liberated  as  heat  the  proportion  indicated. 

The  Curve  of  Work  and  the  Absolute  Power  of  a  Muscle. — 
The  statomenti^  in  the  precefling  paragraph  prove  that  the  nmscle, 
juri^ed  from  the  standpoint  of  a  machine  to  do  work,  compares  most 
rorably  in  its  efficiency  with  machinery  of  human  construction. 
it  should  be  borne  in  mind  that  in  this  as  in  other  respects  the 
tie?  of  crass-striated  muscular  tissues  vary  greatly.  In  some 
or  Lndi\'iduals  it  is  a  much  more  efficient  machine  than  in 
oUitf9.  This  fact  is  indicated  by  our  general  experience  regarding 
Twiatiooa  in  muscular  strength  in  difTerent  individuals,  and  is 
pfoved  more  precisely  by  direct  exjjeriment^  on  single  muscles.  A 
frog's  muscle  may  be  isolated  and  the  extent  of  ita  contractions  and 
the  work  done  may  be  estimated  directly.  Under  such  conditions  it 
will  be  found  that,  wliile  the  height  of  the  successive  contractiona 
diminifihos  as  the  load  increases  (see  Fig.  17),  the  work  done — that 
b«,  the  product  of  the  load  into  the  lift— first  increases  and  then 
decmaes.    For  example : 


Work 

Dons  in  Gram-m-UiimHv% 

H  Orams^ 

Lift  in  MiUimHwr: 

Load  >:  UH- 
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curve  has  the  general  form  indicated  in  Fig.  18,  Three  facts  are 
expressed  by  this  curve:  First,  that  if  the  muscle  lifts  no  weight 
m  work  will  be  done;  this  follows  theoretically  from  the  formula 
W  =  LH,  in  which  IK  represents  the  work  done,  L  the  load,  and 
H  the  lift.  If  either  L  or  H  is  equal  to  zero  the  product,  of  course, 
is  zero;  that  is,  no  external  work  Is  done;  the  chemical  energy 
liberated  in  the  contraction  takes  the  form  of  heat.  Second, 
There  is  an  optimum  load  for  each  muscle  with  wliich  the  greatest 
proportion  of  work  can  be  obtained.  Third.  When  the  load  is  just 
sufficient  to  counteract  the  contraction  of  the  muscle  no  work  is 
done,  H  in  the  above  formula  being  zero.  This  amount  of  load 
meaaures  what  Weber  called  the  absolute  power  of  the  muscle. 
As  will  he  seen  from  the  above  curve,  it  is  measured  by  the 
weight  which  the  muscle  cannot  lift  and  which  ^  on  the  other 
hand,  caruiot  cause  any  extension  of  the  muscle  while  eontmcting. 
Or,  in  more  Rcneral  terms  (Hermann),  the  absohite  power  of  a 
muscle  is  the  maximum  of  tension  which  it  can  reach  without 
iteration  of  its  natural  length.  This  absolute  power  can  be 
mea^oired  for  the  muscles  of  difforent  animals  and  for  convenience 
of  comparison  can  then  be  expressed  in  terms  of  the  cros.s-area 
of  the  muscle  given  in  square  centimeters.  Weber  ha.s  shown 
that  the  absolute  jxiwer  of  a  muscle  varies  witli  the  croes-area,  since 
ihi-^  '— '-I'ls  upon  the  numl>er  of  constituent  fillers  whose  united 
ooir  1  makes  the  contraction  of  the  muscle.     Expressed  in 

tins  way,  it  is  foimd  that  the  absolute  power  of  human  muscle  is, 
aae  for  size,  nuich  gre'ater  than  that  of  frog's  muscle.  For  in- 
rtance,  the  absolute  power  of  a  frog's  muscle  of  1  square  centimeter 
irea  is  estimated  at  from  0.7  kilogram  to  3  kilograms,  while 
nf  n  liuman  muscle  of  the  same  siae  is  estimated  by  Hermann 
at  ^  'i^ran^s.     Taken  as  a  whole,  the  hmnan  muscle  is  a  better 

mat ir  work,  but  it  seems  possible,  although  exact  figures  are 

lAcking,  that  the  absolute  power  of  the  muscles  of  some  insects 
)iM?tl  for  the  same  miit  of  cross-area  would  be  much  greater 
human  muscle. 


COB4POUND  OR  TETANIC  CONTRACTIONS. 

Definition  of  Tetanus  — When  a  muscle  receives  a  series  of 
[repeated  stimuU  it  remains  in  a  condition  of  contraction  as 
'the  stimuU  are  sent  in  or  until  it  loses  its  irritabihty  from 
the  effect  of  fatigue.  A  contraction  of  this  chunicter  is  ilescribed 
afi  a  compound  contraction  or  tetanus.  If  the  slimiJi  follow  each 
olher  with  sufficient  rapidity  the  muscle  shows  no  external  sign  of 
Ation  in  the  intervals  between  stimuli,  and  if  its  contractions 
[recorded  U|X)n  a  kymographioii  by  means  of  an  attached  lever 
a  curve  is  obtaine<l  such  as  is  shown  at  5  in  Fig.  19.    A  con- 


Fljc.  19. — Aiiolyoifl  of  Uitanus.  ExiwrinieiU  m&ilc  ii[>on  the  KBKtnwneiniuo  muscle  of  a  , 
froK  to  show  that  by  incrcaaini;  the  rate  iif  stimulation  the  eontraotinn.s,  at  firnt  aeparat« 
(]))  fuse  luoreanU  mure  thruuxb  b  wrie»uf  iiicumpleti?  tetodi  (2,  3,  4)  iritu  a  complete  tetanus 
(A)  in  which  there  is  no  indication,  so  far  a«  the  record  goes*  of  a  aepamtc  enact  for  6M)b  i 
•tunuluB. 


curve,  therefore,  wili  present  the  appearance  shown  in  1.  2,  3,  and 
4  of  Fig.  19.  A  teUimjs  of  this  characUT  l^  described  as  an  incom- 
plete tetanus.    It  is  obvious  that  according  to  the  rate  of  stimu- 
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there  may  i>e  numerous  degrees  of  incomplete  tetanus,  as 
afaown  ia  Fig.  19,  extending  from  a  series  of  separate  single  con- 
Umclions.  on  the  one  haivi.  to  a  perfect  fusion  of  the  contractions, 
A  oompleU*  tetanus,  on  the  other.  Tetanir  contractions  prese-nt 
tiro  peculiarities  in  addition  to  the  mere  matter  of  duration, 
which  l»  governed,  of  course,  by  the  duration  of  the  stimu- 
htaoa:  First,  the  more  or  less  complete  fusion  of  the  contrae- 
tiom  due  to  the  sejmrate  stimuli.  This,  as  ytatod  al>oYe,  is  the 
cfijrtinrtivp  sign  of  a  tetanus.     Second,  thi*  phenomenon  of  sum- 

^lD&tion  in  rt^nsr^uence  of  which  the  total  shortt-nins  of  the  muscle 
b  UrtAnus  may  Ik*  considerably  greater  than  that  caused  by  a 
P&xini.il  -"imfile  contraction. 
'    Sununadon. — The  fact*  of  summation  may  l)e  shown  most  read- 
ilr  hy  employing  a  device  to  send  into  the  muscle  two  successive 


I 


I 


Fi^  aO.— ^iumniatina  of  two  »wxr-ftf-ivr  crmtnwtinMf-.  c  urvo  l  ^u■w^  a  I'irnplc  coo- 
imtfJnti  dam  »o^*  ^"^  vtiuiulu*,  tho  Ut«nt  periml  boinc  inUicat««l  «t  the  beKinninx  »f  the 
MBtnaliaa.     Otivv  2  abow«  ih«  eummAtioD  due  to  twn  sucvwe<linR  Miniuli. 

•liniaB  at  vor>'ing  intervals.  If  the  second  stimulus  falls  into  the 
tiuttde  at  the  apex  of  the  contraction  caufsed  hy  the  first  stimulus, 
then. cwn  if  the  ftret  contraction  is  maximal,  the  muscle  will  shorten 
ftiU  farther;  the  first  and  second  contractions  are  summated,  giv- 
ing a  total  shorteuine  greater  than  can  l>e  obtained  by  a  single  stim- 
ulus (aee  Fig.  20).  The  extent  of  the  summation  in  such  cases 
varv*9i  with  &  number  of  comiitions,  such  as  the  intervals  l>etween  the 
•timuli,  the  relative  strengths  of  the  stimuli,  the  load  carried  by  the 
,  etc.  Taking  the  simj)le-st  conditions  of  a  moderately  loaded 
and  two  maximal  stimuli,  it  is  found  that  the  greatest  sum- 
eM^c^rs  when  the  stimuli  are  so  spaced  that  the  second  contrac- 
tion begins  at  the  apex  of  the  first.  If  the  stimuh  are  closer  together, 
K>  that,  for  instance,  the  second  contraction  follows  shortly  after 
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the  first  has  begun,  the  total  shortening  is  less,  and  the  same  is 
true  to  an  increasing  extent  as  the  second  contraction  falls  later 
and  later  in  the  period  of  relaxation  after  the  first  contraction.*  If 
instead  of  two  we  use  three  successive  stimuli,  falling  into  the  muscle 
at  proper  intervals,  a  still  further  sununation  occurs.  In  this  way 
the  total  extent  of  shortening  in  a  muscle  completely  tetanized  may 
be  several  times  as  great  as  that  of  a  single  maximal  contraction. 

The  Discontinuous  Character  of  the  Tetanic  Contraction 
— ^The  Muscle-tone. — In  complete  tetanus  the  muscle  seems  to 
be  in  a  condition  of  continuous  uniform  contraction;  the  re- 
corded curve  shows  no  sign  of  relaxation  between  stimuli  and  no 
external  indication,  in  fact,  that  the  separate  stimuh  do  more  than 
maintain  a  state  of  uniform  contraction.  It  can  be  shown,  how- 
ever, that  in  reality  each  stimulus  has  its  own  effect,  and  that  the 
chemical  changes  underlying  the  phenomenon  of  contraction 
form  an  interrupted  series  corresponding,  within  limits,  to  the 
series  of  stimuli  sent  in.  The  clearest  proof  for  this  belief 
is  found  in  the  electrical  changes  that  result  from  each  stimulus, 
and  the  facts  relating  to  this  side  of  the  question  will  be  stated 
subsequently  in  the  chapter  on  The  Electrical  Phenomena 
of  Muscle  and  Nerve.  Another  proof  is  found  in  the  phenome- 
non of  the  muscle-tone.  When  a  muscle  is  stimulated  directly 
or  through  its  motor  nerve  a  musical  note  may  be  heard  by 
applying  the  ear  or  a  stethoscope  to  the  muscle.  The  note  that 
is  heard  corresponds  in  pitch,  up  to  a  certain  point,  with  the  num- 
ber of  stimuh  sent  in, — that  is,  the  muscle  vibrates,  as  it  w-ere,  in 
unison  with  the  number  of  stimuh,  and,  although  the  vibrations 
are  not  sufficient  to  affect  the  recording  lever,  they  can  be  heard 
as  a  musical  note.  This  fact,  therefore,  may  be  taken  as  a  proof 
that  during  complete  tetanus  there  is  a  discontinuous  series  of 
changes  in  the  muscle  the  rate  of  which  corresponds  with  that -of  the 
stimulation.  The  series  of  electrical  changes  corresponding  with  the 
series  of  stimuli  sent  in  may  be  made  audible  by  applying  a  telephone 
to  the  muscle.  Making  Uvse  of  this  method,  Wedcnskij-  has  shown 
that  the  ability  of  the  muscle  to  respond  isorhythmically  to  the 
rate  of  stimulation  is  limited.  In  frog*s  muscle  the  pitch  of  the 
musical  tone  may  correspond  with  the  rate  of  stimulation  up  to 
about  200  stimuli  per  second.  In  the  muscle  of  the  warm-blooded 
animal  the  correspondence  may  extend  to  about  1000  stimuli  per 
second.  If  the  rate  of  stimulation  is  increased  beyond  these 
limits  the  musical  note  heard  does  not  correspond,  but  falls 
to  a  lower  pitch,  indicating  that  some  of  the  stimuli  under  these 

•  Von  Kries,  "Archiv  fUr  PhysioloRie,"  1888,  p.  537. 

tWedenski,   "  Du  rhvthme   musculaire  dans  la  contraction   normal<>,'* 
"Archives  de  physiologic,*'  1891,  p.  58. 
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ronditions  become  ineffeotive.  It  shonlti  he  adclefl  that  the  high 
figures  given  above  for  the  correspondence  between  the  stimuli  and 
the  miLscle-tone  hold  good  only  for  entirely  fre^ih  preparations. 
The  lability  of  the  muscle  quickly  becomes  less  as  it  is  fatigued:  so 
that  in  the  frog,  for  instance,  the  correspondence  in  long- continued 
eontraotions  is  accurate  only  when  the  rate  of  stimulation  does 
not  exceed  30  per  second. 

The  Number  of  Stimuli  Necessary  for  Complete  Tetanus, — 
The  number  of  stimuli  necessar}^  to  produce  complete  tetanus 
varies,  as  we  should  expect,  with  the  kind  of  muscle  used  and  in 
accordance  with  the  rapidity  of  the  process  of  relaxation  shown 
by  these  muscles  in  simple  contractions.  'I'he  series  that  may  be 
ansnged  to  demonstrate  this  variation  is  quite  large,  extending 
from  a  supposed  rate  of  300  f)er  second  for  intiect  muscle  to  a  low 
liznit  of  cme  stimulus  in  5  to  7  seconds  for  phiin  muscle.  The  frog's 
muscle  goes  into  complete  tetanus  with  a  rate  of  stimulation  of 
(rocn  20  to  30  f)er  second.  Ina~smuch  as  the  rapidity  of  relaxation 
of  the  mujscle  is  much  retarded  by  certain  influences,  such  as  a 
low  temperature  or  fatigue,  it  follows  that  these  same  influences 
affect  in  a  corresponding  way  the  rate  of  stimulation  necessary  to 
pre  complete  tetanus.  A  frog's  muscle  stimulated  at  the  rate  of 
10  stimuli  per  second  may  record  an  inromplete  tetanus,  but  if  the 
stimulus  is  maintained  fur  some  time  the  tetanus  finally  becomes 
complete  in  consequence  of  the  slowing  of  the  phase  of  relaxation, 
ox,  another  way  of  looking  at  the  matter,  in  consequence  of  the 
development  of  that  condition  of  maintaineil  contraction  which 
has  been  spoken  of  above  as  contracture. 

Voluntary  Contractions. — After  ascertaining  that  mascles  may 
pre  either  simple  or  tetanic  contractions  one  asks  naturally 
wbeiber  Lu  our  voluntary'  movements  we  can  also  obtain  both 
«0(18  of  contractions.  In  the  first  i)lace.  it  is  obvious  that  most 
of  our  voluntary  movements  are  too  long  continued  to  be  simple 
eoDtraotions.  The  time  element  alone  would  place  them  in  the 
group  of  tetanic  contractions,  and  this  is  the  usual  conclusion 
reganiing  them.  In  voluntary  movements  a  neuromuscular 
mechanism  comes  into  play.  This  mechanism  consists,  on  the 
motor  side,  of  at  least  two  nerve  units  i»r  neurons  and  the  muscle, 
^  indicato<l  in  the  acconipanyinp;  diapram  (Fiji;.  21).  If  in  ordi- 
nary voluntary'  movement.3  the  muscular  contractions  are  tetanic, 
Wft  mu.st  suppose  that  the  mot^^r  nerve  cells  discharge  a  series  of 
acne  impulses  through  the  motor  nerve  into  the  muscle.  The 
MjDtnM*tion  of  voluntary  muscle  has  been  investigated,  therefore, 
in  various  ways  to  ascertain  whether  there  is  any  objective  indica- 
tion of  the  number  of  separate  contractions  that  are  fused  together 
*o  make  this  normal  tetanus.    Various  methotis  have  been  em- 
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ployed.  The  contractions  of  the  muscle  have  been  recorded  by 
means  of  levers  or  tambonr«,  so  as  to  give  a  curve  which  can  be 
analyzed;  the  vibrations  of  the  muscle  have  been  estimate*!  on  the 
principle  of  sympathetic  resonance,  and  the  musical  tone  emitted 

by  the  muscle  during  contrac- 
tion has  been  determined. 
The  estimates  arrived  at  by 
these  several  methods  all  indi- 
cati'd  a  ri'hitivejy  slowrliythm 
of  stinuilatinn  aj)proximating: 
a  rate  of  20  stimuli  jx'r  second. 
The  whole  subject  has  l»cen 
reinvestigated  more  recently 
by  employing  the  ''string 
galvanometer"  (see  p.  99)  to 
record  the  numl>er  of  electrical 
variations  occurring  during  a 
voluntary  contraction.  Since 
each  separate  .stimulus  to  a 
muscle  causes  a  distinct  elec- 
trical variation,  it  is  evident 
that  if  we  can  record  the  numl»er  of  such  variation.*'  per  second  we 
shall  have  almost  conclusive  evidence  a.s  regards  the  numl»er  of 
simple  contractions  which  enter  into  the  production  of  voluntary' 


FJK.  21. — ScbftmA  to  show  ibe  innerva- 
tion of  the  Bkelptiil  (voliintftry)  ma<tet«a;  1, 
ihp  inierrviitral  (pynttniclal)  iieurun;  2,  tbo 
spinul  ncurun;   3,  the  niuhcln. 


Fig.  22. — Tho  upper  cur\'e  »hnw»  thr  vibnktinn.«  of  the  "t*trinic"  of  the  ntring  gal- 
vanometer during  voluiitar>'  cuntrmetton  of  the  llt.<xur  of  the  tinKt'i^-  hjuh  vitrstion  is 
due  to  an  elerlrical  oscillation  iu  the  muM'le  taction  eum*iit).  Ttiefte  u«oillatioa»  occur  «( 
the  rate  of  .'iJl  per  necotiH,  as  may  be  seen  by  rffrn-iK-e  to  the  lower  rur\'e,  the  breaks  in  which 
indicate  fifth**  of  a  Kernntl.  Thitt  fart  would  indicate,  therefore,  that  in  the  voluntary  con- 
traction wr  have  a  tetanu*  composed  of  single  cuulractioos  following  at  the  rate  of  5J  per 
■eoond  — ( From  Fiper.) 


tetanus.  The  strinjz;  Kalvanometer  lends  itself  to  this  purpose  better 
than  any  form  of  electrometer  yet  devised,  and  Piper,*  by  the  use 
of  this  instrument,  finds  that  in  voluntar>'  contractions  of  the  flexor 

•  PijM^r,  I'fliljter's  "Archiv  f.  d.  (?ea  PhysioloRie."  Xmi,  lift.  301;  "Zeit- 
Bchrift  f.  Biologic,"  1908,  60,  393,  and  5(Mi  "Archiv  fur  Phyaiologie."  1914.  345. 
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mufltkfi  of  thp  anns  or  finj^ers  the  series  of  electrical  variations  fol- 
lows at  ihc  rate  of  47  to  50  per  second.  Incroaso  in  strcnp:th  of  con- 
ttaction  in  tJiest'  muscles  cau.ses  no  chanj?f  in  rate,  althotigb  a  cor- 
mpooding  vurialion  in  the  intensity  of  the  electrical  changes  is 
obtenrrti.  When  tiiffcrent  niuscles  arc  studied  by  thi^5  method^ 
qttiie  a  marktHi  tlifferenco  in  rate  is  obtaimni.  Piper  reports  such 
ohaBrvations  as  the  follo\\nng:  M.  deltoideus.  58  to  62;  M.  gas- 
troeoemiuji  &n<l  M.  tibiidis  anterior.  42  to  44;  M.  quadriceps 
femora,  38  to  41;  M.  massetor,  SS  to  IW,  and  M.  temporalis,  80 
to  M.  Assuming  that  these  figures  represent  the  rate  of  dis- 
efaarge  of  nerve  impulsea  per  second  by  the  nerve  cells  from 
which  arise  the  motor  fibers  to  the  muscles  named,  it  is  evident 
thmt  the  various  spinal  and  cranial  motor  centers  may  possess 
quite  widely  different  rh>'thms,  although  for  each  particular 
center  the  rate  is  nmre  or  less  hxed.  Among  the  motor  centers 
Urns  far  studied  it  will  be  noted  that  the  cells  of  the  N.  trigeminus 
the  highest  rat«  of  discharge.  There  has  been  much 
»R  AS  to  whether  or  nut  we  nan  obtain  simple  as  well  as 
eompound  contractions  by  voluntary  stimulation  of  our  muscles. 
It  has  b€>en  pointed  out  that  in  very  rapid  contractions,  such  as 
occur  in  the  trilling  movements  of  the  fingers  in  playing  the 
piaao*  the  duration  of  the  separate  contractions  is  so  brief  as  to 
mtggfiU  that  they  may  be  of  the  order  of  simple  contractions, 
Diroct  investigation  of  such  movements  by  the  older  method 
of  roeording  with  levers  (von  Kries)  or  by  the  newer  method  of 
photographing  the  electrical  oscillations  shows,  on  the  contrary, 
thai  even  the  stuirtest  possible  voluntary  contractions  are  brief 
teUuu  made  up  of  a  short  lasting  series  of  contractions  fused 
togielber.  In  all  probability,  therefore,  our  motor  centers^  when- 
;kre  stinuilated  by  a  3o-calle<l  act  of  the  will,  discharge 
Jly  a  series  of  nerve  impulses.  As  we  shall  see  later, 
rt  ts  poebihle  that  certain  of  the.se  centers,  when  stimulated 
redexly,  may  discharge  a  single  nerve  impulse  and  thus  arouse 
ft  mmpic  muscular  contraction  (see  Kuee-kick). 

The  Ergograph. — Voluntary  contractions  in  man  may  be  re- 
confed  in  a  great  many  ways,  but  Mosso  lias  devised  a  special  in- 
ftruntfut  for  this  purpose,  known  as  the  ergograph.  It  has  been 
much  iwed  in  quantitative  investigations  uj>on  muscular  work 
UkI  the  conditions  influencing  it.  The  apparatus  is  shown  and 
^■eribed  in  Fig.  23.  The  person  experimented  upon  makes  a 
of  ahort  contractions  of  the  flexor  muscle  of  the  middle 
,  thereby  lifting  a  known  weight  to  a  definite  height 
whieh  is  recorded  upon  a  drum.  In  a  set  of  experiments  the 
iBte  of  the  series  of  contractions — that  is,  the  interval  of  rest 
between  the  contractions — is  kept  constant,  as  also  is  the  load  lifted. 
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Under  these  ronditions  the  contractions  become  loss  and  less  ex- 
tensive as  fatigue  comes  on,  and  finally,  with  the  strongest  voluntary 


FJK.  23. — Homo's  argocrmph :  e  li  the  cAiriAge  moving  to  anil  fro  on  ninnera  by  i 

of  the  conl  d.  which  paasen Tram  the  carria^  to  a  holder  attached  to  the  last  two  phaiannv 

of  the  mi<I(llA  finger  (the  adjoiuinK  fingem  are  helil  in  place  by  clamp») ;  p.  the  writing  pouit 


c^  the  carnare.  c.  which  makeci  the  record  of  ltd  movements  on  the  k>'mocraphioa;  w,  tbi 
weicbl  to  bo Tiftol. 


FiK.  24.  — Nnrnial  faiifctie  curvp  of  thette\"rsnf  the  niidnllp  hriKer  ol  riRht  hand. 
a  kiluicranirt.  conlrncliofis  iit  intervoLi  of  twu  seconds. — HHaoQiora.) 

effort,  the  contraction  of  the  muscles  is  insufficient  to  lift  the  weight. 
In  this  way  a  record  is  obtuincil  such  its  is  shown  in  Fig,  24. 
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h  such  a  record  we  can  easily  calculate  the  total  work  done  by 
obtaining  the  product  of  the  load  into  the  lift  for  each  contrac- 
tion and  adding  thcs**  products  together.     By  this  means  the 
capacity  for  work  of  the  musnle  used  can  be  studied  objectively 
under  var>nng  condition:^,  and  many  suggestive  results  huve  been 
oJjtained,  some  of  which  will  be  referreil  to  specifically.*    It  should 
be  Ujrne  in  mind,  however,  that  the  er^ograph  in  this  form  does 
iH)i  enable  us  to  compute  the  tot-id  work  tfiat  the  muscle  is  capable 
uf  perfomung.    It  is  obvious  that  when  the  point  of  complete 
iatipje  is  reached,  as  illustrated  lu  the  reei*rd,  Fig.  24,  the  muscle  is 
rtill  capable  of  doing  work,  tliat  is  external  work^  if  we  replace  the 
tougr  load  by  a  lighter  one.     P^or  this  reason  some  investigators 
substituted  a  spring  in  place  of  the  load,t  giving  thus  a 
igei^gograph  instead  of  a  weight  ergograph.     Although  with  the 
g  ergograph  every  muscular  contractitm  is  recorded  and  the 
Oktirv  work  done  may  he  calculated,  it  also  pKissesses  certain  theo- 
and  practical  disadvantages,  for  a  discussion  of  which  refer- 
must  be  made  to  the  authors  quoted. 
The  weight  ergograph  has,  so  far  at  least,  given  us  the  most  sug- 
iprtive  results.      Among  these  tlie  following  may  be  mentioned: 
(1)  If  a  sufficient  interval  is  allowed  between  contractions  no  fatigue 
■  A]}f>arcnt.     With  a  loud  of  6  kilograms,  for  instance,  the  flexor 
aoscle  (A/,  flexor  digitoruvx  suhlimia)  showed  no  fatigue  when  a 
iw  of  10  seconds  was  given  between  contractions*     (2)  After 
complete  fatigue  with  a  given  load  a  very  long  interval  (two 
hours)  i.s  necessary  for  the  muscle  to  make  a  complete  recovery 
And  pve  a  second  record  as  extensive  as  the  first.      (3)   After 
Complete   fatigue   efforts   to  still    further  contract   the   muscle 
grettly  prolong  this  period  of  complete  recovery^ — a  fact  that 
demonstrates  the  injurious  effect  of  straining  a  fatigued  muscle. 
(41  The  power  of  a  muscle  to  do  work  is  diminished  by  conditions 
IhAi  depress  the  general  nutritive  state  of  the  body  or  the  local 
nutrition   of  the   muscle  used;   for   instance,   by  loss  of  sleep, 
huEkger.  mental  activity,  anemia  of  the  muscle,  etc,     (5)  On  the 
tSBtnry,    improved    circulation    in    the    muscle — produced    by 
aM8ige>  for  example^increases  the  power  to  do  work.     Food 
titfo  had    the  same   effect,    and    some    ]3articuturly    interesting 
experiments  show  that  sugar,  as  a  soluble  and  easily  absorbed 
fovUtuff.  quickly  increases  the  amount  of  muscular  work  that 
etn  lie  performed.     (5)  The  total  amoimt  of  work  that  can  be 
ttfauined  from  a  muscle  is  greater  with  small  than  with  large  loads, 


rMoaao,  ".Archives  itAlienncs  He  bioiogip,"  13,  187,  189;  also  Maggiora, 
Ijp.  191,  342.     Lombard.  *Mournal  of  Physiology,"  13,  1,  1892. 
rmox,  "American  Journal  of  Pliytniubjo,"  4,  348,  1900;  also  Hough, 
,  5.  240.  1001. 
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dnce  fatigue  sets  in  more  rapidly  with  the  larger  loads.  (7) 
Marked  activity  m  one  set  of  muscles — ^the  use  of  the  leg  muscles 
in  long  walks,  for  example — ^will  diminish  the  amount  of  work 
obtainable  from  other  muscles,  such  as  those  of  the  arm.  It  is 
very  evident  that  the  instrument  may  be  used  to  advantage  in  the 
investigation  of  many  problems  connected  with  gymnastics,  diet- 
etics, stimulants,*  medicines,  etc. 

A  point  of  general  physiological  interest  that  has  been  brought  out  in  con- 
nection with  the  use  of  the  ergograph  calls  for  a  few  words  of  special  mention. 
M068O  found  that  if  a  muscle — e.  g.,  the  flexor  digitorum  subhmis — is  stimu- 
lated directly  by  the  electrical  current  and  its  contractions  are  recorded  by 
the  ergograph,  it  will  give  a  curve  similar  to  that  figured  above  for  the  volun- 
tary contractions,  except  that  the  contractions  are  not  so  extensive.  Under 
these  conditions  the  muscle,  when  completely  fatigued  to  electrical  stimula- 
tion, will  respond  to  voluntary  stimulation  from  the  ner\'e  centers.  It 
seems  likely,  as  suggested  by  Hough,  that  this  result  is  due  mainly  to  the 
fact  that  the  electrical  current  cannot  be  applied  to  a  muscle  in  it«  normal 
position  so  as  to  excite  uniformly  all  the  constituent  muscle  fibers,  although 
It  is  also  possible  that  what  we  call  the  normal  or  voluntary  stimulus  is  more 
effective  or,  to  use  a  physiological  term,  more  adequate  to  the  muscle  fibers 
than  the  electrical  shock.  On  the  other  hand,  after  fatigue  from  a  series 
of  voluntary  contractions  it  has  been  observed  that  the  muscle  will  stiU 
give  contractions  if  stimulated  directly  by  electricity.  This  fact  has  been 
mterpreted  to  mean  that,  in  the  neuromuscular  complex  involved  in  a  mus- 
ciilar  contraction — namely,  motor  nerve  cell,  motor  nerve  fiber,  and  muscle 
fiber — the  ordinary  fatigue  curve  obtained  from  the  ergograph  does  not  repre- 
sent pure  muscle  fatigue,  but  fatigue  of  the  neuromuscular  apparatus  as  a 
whole.  Wedenaki  has  called  attention  to  the  fact  that  in  tne  neuromus- 
cular apparatus  the  motor  end-plate  is  a  sensitive  link  in  the  chain,  and 
that,  when  the  nerve  is  stimulated  strongly  with  artificial  stimuli  at  least, 
this  structure  falls  into  a  condition  in  which  it  fails  to  conduct  the  nerve 
impulse  to  the  muscle.  It  may  be,  therefore,  that  in  sustained  voluntary 
contractions  the  end-plate  or  the  specialized  receptive  substance  in  which 
the  nerve  fibers  terminate  fails  first,  and  is  directly  responsible  for  the  failure 
of  the  apparatus  to  perform  further  work.t  That  the  fatigue  in  ordinary  vol- 
untary contractions  affects  the  muscles  before  the  motor  nerve  centers  is 
indicated  by  the  experiments  of  Storey.^  Making  use  of  a  weight  ergograph 
and  experimenting  upon  the  abductor  mdicis,  he  found  that  sSter  fatigumg 
this  muscle  to  voluntary  contractions  with  a  certain  weight,  removal  of  the 
weight  enabled  the  individual  to  make  contractions  as  high  and  as  rapid  as 
before  the  fatigue.  On  the  other  hand,  if,  after  removing  the  weight,  the 
muscle  was  stimulated  electrically,  the  contractions  were  lower  and  slower  than 
before  the  fatigue.  So  far  as  our  knowledge  goes,  therefore,  fatigue  as  it 
appears  in  sustained  voluntary  contractions  is  due  prob^ly  primarily  to 
a  loss  of  irritability  in  the  muscle  and  in  the  receptive  apparatus  between  nerve 
and  muscle.  The  motor  nerve  fibers  do  not  fatigue,  and  as  regards  the  motor 
nerve  centers,  it  is  not  possible  as  yet  to  say  what  may  be  their  relative  su^ 
ceptibility  to  fatigue.  A  significant  fact,  reported  by  Piper,  is  that  the  moUn: 
nerve  centers  when  fatigued  discharge  their  unpulsee  at  a  rate  of  perhaps  one- 
half  the  normal. 

Sense  of  Fatigue. — It  should  be  noted  in  passing  that  in  con- 
tinued voluntary  contractions  we  are  conscious  of  a  sense  of  fatigue 

•Schumberg,  "Archiv  f.  physioL,"  1899,  suppl.  volume,  p.  289,  and 
Palmcn,  "Skandinavisches  Archiv  fiir  Physiologic,'^  1910,  24,  168,  197. 

t  For  further  evidence,  see  Burridge,  "Journal  of  Physiology,"  1911, 41, 285. 
i  Story,  "American  Journal  of  Physiology,"  1903,  8,  355. 
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wllich  ex-entually  leads  us,  if  possible,  to  dieoontinue  our  efforts. 
This  sensation  mu8t  arise  from  ii  stimulation  of  scnsorj'  norve  fibers 
wiihia  the  muscle  or  its  tendoits,  and  it  may  be  regarded  as  an 
important  regulation  whereby  we  are  prevented  from  pushing  our 
musinihir  exertions  to  the  |)oint  of  "  straining." 

Moscle  Tonus. — In  addition  to  the  conditions  of  contraction 
and  ol  n*Li\ation  the  Uving  muscle  exhibits  the  phenomenon  of 
•"tone."  iJy  inu^-le  tone  we  mean  a  state  of  rontlnunu.s  shortening 
or  rontnction  which  under  nomrLal  conditions  Ls  slight  in  extent 
and  rarks  from  time  to  time.  This  condition  is  dependent  upon 
tbe  connection  of  the  muscle  with  the  nerve  renters,  and  we 
may  anume  that  under  normal  iMnMimstanees  the  niutor  centers 

Iaiv  continually  discharging  ^ubmiiumai  ner\'e  impulses  into  the 
mnaclfa  which  cause  chemical  changes  similar  in  kind  to  those 
srI  up  by  an  ordinary  voluntary  effort  but  less  in  amount,  the 
result  being  that  the  muscles  enter  into  a  state  of  tont motion 
wllicb,   while  slight  in  extent,  is  mon^  or  less  conlimious.     Ae- 

rrarding  to  this  view,  the  whole  neuromuscular  apparatus  i8 
in  a  condition  of  tonic  activity,  and  this  state  may  l>e  rc^ferretl 
in  tbo  long  run  to  the  continual  inflow  of  .sensor>'  impulses  into 
Ihe  laentrui  nerv^oa^*  system.  That  is,  the  tonus  of  the  skeletal 
mmekw  b  not  only  dependent  on  the  nerve  centers  (neurogenic), 
but  is  in  reality  an  example  of  reflex  stimulation  of  these  centers. 
The  tone  of  any  particular  muscle  or  group  of  muscles  may  be 
destnyyei],  therefore,  l>y  cutting  its  motor  ner\'e,  or  less  completely 
bjT  aevering  the  sensorj-  paths  from  the  same  region.  If,  for  in- 
staaoe,  one  severs  in  a  dog  the  posterior  roots  of  the  spinal  ner\'e8 
innarating  the  leg,  there  will  l>e  a  distinct  loss  of  muscular  tone, 
aWboogh  the  motor  nerves  remain  intact.  The  underlying  cause 
oClooe  is  fKJorly  understood.  It  may  l>e,  as  implieil  alx)ve,  simply 
aeoodition  of  subi^lueij  tetanus  due  to  a  const jintly  acting  series  of 
mb-ffiinimal  stimuli,  or  it  may  \if*  an  order  of  contraction  quite 
different  fnmi  the  usual  visible  movements;  that  is  to  say,  the 
dMHtcning  in  the  case  of  tonus  may  l>e  due  to  a  substance  or  mech- 
ausna  in  the  muscle-fibers  difTerent  from  that  which  subvserves  the 

fordinan'  quick  movements  which  we  designate  as  contractions. 
However  this  may  be,  the  fact  of  muscle  tone  is  important  in 
a  noml>er  of  ways.  It  is  of  value,  without  doubt,  for  the  norn»al 
nutrition  of  the  muscle,  and,  as  is  explained  in  the  ciiai)ter 
on  Animal  Heat,  it  plays  a  very  important  part  in  controlling 

Itlkt  production  of  heat  in  the  body.  The  extent  of  muscle 
tone  varies  with  many  conditions,  the  most  important  of  which, 
pethape,  are  external  temperature  and  mental  activity.  With 
npud  to  the  first,  it  Ls  known  that,  as  the  external  temperature 
faDs  and  the  akin  becomes  chilled,  the  sensory  stimulation  thus 
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produced  acts  upon  the  nerve  centers  and  leads  to  an  increased 
discharge  along  the  motor  paths  to  the  muscle.  The  tone  of  the 
muscles  increases  and  may  pass  into  the  visible  movements  of 
shivering.  By  this  means  the  production  of  heat  within  the  body 
is  increased  automatically.  Similarly,  an  increase  in  mental 
activity,  so-called  mental  concentration,  whether  of  an  emotional 
or  an  intellectual  kind,  leads,  by  its  effect  on  the  spinal  motor 
centers,  to  a  state  of  greater  muscle  tonus,  the  increased  muscular 
tension  being,  indeed,  visible  to  our  eyes. 

The  Condition  of  Rigor. — ^When  the  muscle  substance  dies 
it  becomes  rigid,  or  goes  into  a  condition  of  rigor:  it  passes  from 
a  viscous  to  a  solid  state.  The  rigor  that  appears  in  the  muscles 
after  somatic  death  is  designated  usually  as  rigor  mortis,  and  its  oc- 
currence explains  the  death  stiffening  in  the  cadaver.  It  is  charac- 
terized by  several  features:  the  muscles  become  rigid,  they  shorteOy 
they  develop  an  acid  reaction,  and  they  lose  their  irritability  to 
stimuli.  Whether  all  of  these  features  are  necessary  parts  of  tiie 
condition  of  rigor  mortis  it  is  difBcuIt  to  say;  the  matter  will  be 
discussed  briefly  below.  Some  of  the  facts  which  have  bewi  ol^ 
served  regarding  rigor  mortis  are  as  follows:  After  the  death  of  aa 
individual  the  muscles  enter  into  rigor  mortis  at  different  times. 
Usually  there  is  a  certain  sequence,  the  order  given  being  the  jawB 
neck,  trunk,  upper  limbs,  lower  limbs,  the  rigor  taking,  therefore,  a 
descending  course.  The  actual  time  of  the  appearance  of  the  rigidity 
varies  greatly,  however;  it  may  come  on  within  a  few  minutes  or  a 
number  of  hours  may  elapse  before  it  can  be  detected,  the  chief  de- 
termining factor  in  this  respect  being  the  condition  of  the  muscle 
itself.  Death  after  great  muscular  exertion,  as  in  the  case  of  hunted 
animals  or  soldiers  killed  in  battle,  is  usually  followed  quickly  by 
muscle  rigor;  indeed,  in  extreme  cases  it  may  develop  almost  imme- 
diately. Death  after  wasting  diseases  is  also  followed  by  an  eariy 
rigor,  which  in  this  case  is  of  a  more  feeble  character  and  shorts 
duration.  The  development  of  rigor  is  ver>'  much  hastened  by  many 
drugs  that  bring  about  the  rapid  death  of  the  muscle  substance,  such 
us  veratrin,  hydrocyanic  acid,  caffein,  and  chloroform.  A  frog's  mus- 
cle exposed  to  chloroform  vapor  goes  into  rigor  at  once  and  shortens 
to  a  remarkable  extent.  Rigor  is  said  also  to  occur  more  rapidly 
in  a  muscle  still  connected  with  the  central  nervous  system  thui 
m  one  whose  motor  nerve  has  been  severed.  After  a  certain 
interval,  which  also  varies  greatly, — from  one  to  six  days  in  human 
beings, — the  rigidity  passes  off,  the  muscles  again  become  soft  and 
flexible;  this  phenomenon  is  known  as  the  release  from  rigor.  In 
the  cold-blooded  animals  the  development  of  rigor  is  very  much 
slower  than  in  warm-blooded  animals.  Upon  an  isolated  frog's 
muscle  the  most  striking  fact  regarding  rigor  mortis  is  the  shortening 
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that  the  muAole  undergooi^.  This  shortening  or  contraction  comes 
cm  fllowly.  AS  is  shown  in  the  accompanyiiiij  HKiire,  hut  in  extent 
11  exceeds  the  simpU?  contraction  ohtainaljle  from  the  living  muscle 
by  mrans  of  a  maximal  stimulus,  This  part  of  the  phenomenon 
i^,  howpver.  much  less  marked  apparently  in  mammalian  muscle. 
The  usual  explanation  that  is  given  of  rigor  is  that  it  is  ilue  to 
a  GOftgulation  of  the  fluid  substance,  the  muscle  phtsnut.  of  wivich 
ibe  fihcr>4  are  con,stituted.  During  life  the  prntcins  exi^t  in 
A  Bquid  or  vidcous  condition;  after  death  they  coagulate  into  a 
flolid  fomi.  This  view  is  referred  to  again  in  the  chapter  dealing 
with  the  chemistry  of  muscle  and  nerve;  it  has  reccive<l  much 
wufpatl  from  the  invt»stigationsof  Kiihne,*  who  proved  th:it  tlie 
moflde  pt&sina  is  really  coagulablc.     After  first  freezing  and  iiuncing 


fW  ^~  — Cum  of  oormal  rijcor  murlU.  ca^rocD«o>iuii  muscle  of  froc.  The  curve 
««•  obtaiMad  upon  «  kymofrnphion  cn»kinc  one  ravolution  in  eigfat  day*.  The  marks  on 
llhekMbriOfw  tne  curve  iiidiraie  interval',  of  iixbouTft.  It  will  be  wen  that  the  Ahortenlnc 
bifurs.  the  reU\atioD  about  aevcnty-two  huur^. 


ikt  nuiaeies  he  succeeded  in  squeezing  out  the  plasma  from  the 
Kviag  fibera  and  showed  that  it  subsequently  clotted.  Wliile  the 
on  theor>'  of  rigor  explains  the  greater  rigiility  of  the 
B,  it  does  not  furnish  in  itself  a  satisfacton.^  exi)lanation  of 
the  shortening,  and  the  fact,  as  stated  above,  that  the  rigidity 
nay  occur  without  the  shortening  indicates  that  this  latter  process 
may  possibly  be  due  to  changes  that  precede  the  appearance  of 
rigidity.  In  afldition  to  the  rigor  mortis  tliat  occurs  after  death 
at  oniinary  temperatures,  a  condition  of  rigor  may  be  induced 
rapidly  by  raising  the  temperature  of  the  muscle  to  a  certain  point. 
R;^pr  taduce<I  in  tlus  way  is  designated  as  heat  rigor  or  rigor  caloris. 
Much  uncertainty  has  prevailed  as  to  whether  heat  rigor  Ls  different 
MRDtially  from  death  rigor.  According  to  some  physiologists,  the 
\  may  be  regarded  as  the  same,  the  heat  rigor  being  simply 

•  KUhnt*.  '\\rfhiv  f.  Physiologie,"  IR59,  p.  7SS. 
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a  death  rigor  that  is  rapidly  developed  by  the  high  temperatiirej 
this  latter  condition  accelerating  the  chemical  changes  leading  to 
rigor,  as  is  the  case,  for  instance,  in  the  action  of  chloroform.  This 
view  is  supported  by  a  study  of  the  cheirdcal  changes  that  take  place 
under  the  two  conditions,  as  will  be  described  later,  and  by  the  fact 
that  some  of  the  conditions  that  influence  one  phenomenon  have  a 
parallel  effect  upon  the  other.  For  instance,  death  rigor  is  accel- 
erated by  previous  use  of  the  muscle,  and  the  same  is  true  for  heat 
rigor.  While  a  resting  frog's  muscle  begins  to  go  into  heat  rigor, 
as  judged  by  the  shortening,  at  37**  to  40®  C;  a  muscle  that  has 
been  greatly  fatigued  shows  the  same  phenomenon  at  25®  to 
27®  G*  According  to  other  observers,  heat  rigor  is  due  to  an 
ordinary  heat  coagulation  of  the  proteins  present  in  the  muscle 
fiber,  and  it  has  been  claimed  that  a  separate  contraction  may 
be  obtained  on  heating  for  each  of  the  proteins  said  to  exist  in 
the  muscle  fiber.f  More  recent  observations^  seem  to  show 
that  when  a  frog's  muscle  is  gradually  heated,  only  two  really 
distinct  contractions  are  obtained,  one  at  39®  C.  (38®  to  40®) 
or  slightly  lower,  and  one  at  50°  C.  (49®  to  51®).  Mammalian 
muscle  gives  also  two  contractions  when  heated,  one  at  47®  C. 
(46®  to  50®)  and  one  at  62°  C.  (61®  to  64®).  In  each  of  these 
cases  the  second  contraction  is  due  to  the  action  of  heat  on  the 
connective-tissue  elements  of  the  muscle.  The  first  contraction  is, 
therefore,  the  one  that  is  characteristic  of  the  muscular  substance 
proper  and  the  one  that  marks  the  occurrence  of  heat  rigor. 
At  the  tempertures  stated,  39®  C.  for  frog's  muscle  and  47®  C. 
for  mammalian  muscle,  the  viscous  material  within  the  sarco- 
lenuna  coagulates.  It  does  not  follow  necessarily  that  this  coagula- 
tion is  the  direct  cause  of  the  shortening.  Meigs§  states  that 
plain  muscle  heated  to  50°  C.  lengthens  instead  of  shortening, 
although  at  that  temperature  much  of  its  contained  protein  is 
coagulated.  In  striated  muscle,  on  the  other  hand,  coagulation 
may  be  produced  by  alcohol  without  any  noticeable  shortening. 
It  may  be,  therefore,  that  coagulation  and  shortening  are  separate 
results  following  xipon  the  chemical  changes  preceding  the  death 
of  the  muscle  substance.  The  coagulation  produced  in  heat  rigor 
is  apparently  more  complete  and  resistant  than  that  of  death  rigor, 
for  ordinary  death  rigor  passes  off  after  a  certain  interval,  even  if 
putrefactive  processes  are  excluded;  the  rigor  from  heat  or  from 
chloroform,  on  the  contrary,  shows  no  release.     With  regard  to  the 

*  Latiraer,  "American  Journal  of  Phyaiolo^,"  2,  29,  1899. 
t  Brodie  and  Richardson,  "  Philosophical  Trans.,  Roy.  Soc.,"  Londcu^ 
1899,  191,  p.  127;  also  Inagaki,  "  Zeitaohrift  f.  Biol.,"  1906,  48,  313. 
1  Vrooman,  **  Bio-chemical  Jovimal,"  1907,  2,  363. 
g  Meigs,  "American  Journal  of  Physiology,"  24.  1  and  178,  1909. 
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^^Hecific  cause  of  the  contraction  and  coagulation  of  death  rigor 
^Tbthing  final  can  be  said.  The  interesting  researches  of  Fletcher  and 
Hopkins  *  indicate  that  during  the  survival  period  between  the  loss 
of  the  normal  circulation  and  the  apiMniraiHv  of  ri^r>r  rhenucal 
changes  are  going  on  in  the  living  substance  which  result  in  the 
foimation  and  accumulation  of  lactic  acid.     When  the  process  of 
production  of  the  lactic  acid  ceases,  the  muscle  has  lost  its  irrita- 
bility, and  then  soon  enters  int<j  the  stage  of  rij^or.    If  during  this 
ft   survival  period  the  muscle  is  kept  well  supplied  with  oxygen,  no 
Llacticacid  accumulates  in  the  muscle,  and  when  the  muscle  finally 
^HUHits  irritability,  no  rigor  occurs.     These  facts  would  seem  to 
BiftplTciite  the  hictic  acid  in  some  way  in  the  process  of  dotting 
and  of  rigor.    One  specific  theory!  that  is  l)ased  on  the  occurrence 
of  lactic  acid  assumes  that  the  shortening  in  death  rigor,  as  in 
normaJ  contraction  (p.  74),  is  (iue  to  an  imbibition  of  water  by  the 
fibrils  in  consequence  of  the  action  of  the  acid.     Later  the  acid 
cau«)es  a  coagulation  or  precipitation  of  the  protein,  and  this  process 
initiates  the  release  from  ri^or  lK*cause  coagulaU^ti  protein  has  less 
power  of  imbibition.    The  fibrils  lose  water  and  return  to  their 
—    origizuii  length. 

I  PLAIN  OR  SMOOTH    MUSCULAR   TISSUE. 

1^   Occurrence  and  Innervation* — Plain  or  lonj;  striated  muscular 

^Hkue  occurs  in  the  wails  of  all  the  so-called  hollow  viscera  of  the 

p^My,  such  as  the  arteries  and  veins,  the  alimentary  canal,  the 

genital  and  urinarj-  organs,  the  bronchi,  etc.,  and  in  other  sj>ecial 

localities,  such  as  the  intrinsic  muscles  of  the  eyeball,  the  muscles 

attached  to  the  hair  follicU^s,  etc.     In  structure  it  differs  funda- 

■  aientally  from  cross-striated  muscle,  in  that  it  occurs  in  the  form 

■  of  relatively  minute  cells,  each  with  a  single  nucleus,  which  are 
united  to  form,  in  most  cases,  muscular  membranes  constituting 
a  part  of  the  walls  of  the  hollow  viscera.  Each  muscle-ceil  is 
spindle  shaped,  contains  a  single  elongated  nucleus,  and  the  cyto- 
plasm is  traversed  by  fine  fibrils  (myofibriUat)  which  are  said  to 
ooatinue  from  one  cell  to  another.  As  in  the  case  of  the  striated 
Dmscle,  these  fibrils  are  supposed  t^  constitute  the  contractile 
element.  The  muscle-cells  are  supplied  with  nerve-fi^KTs  l>elong- 
inig  to  the  autonomic  system  (p.  251J,  which  originate  directly  from 
8DH!aUed  s>Tnpathetic  nerve-cells,  and  only  indirectly,  therefore, 
froro  the  central  nervous  system. 

Speaking  generally,  tite  contractions  of  this  tissue  are  removed 
bvtn  the  direct  control  of  the  wilK  being  regulated  l>y  reflex  and 
osuaOy  unconscious  stimulations  from  the  central  nervous  system. 

•  Fletcher  and  Uopkine,  "Journal  of  Physiology,"  1907,  35,  247. 
t  Von  Forth  and  Leak,  'Biochemische  Zeit«chrift."  153.  341,  1911. 
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All  the  important  movements  of  the  internal  organs,  or,  as  they 
are  sometimes  called,  the  organs  of  vegetative  life,  are  effected 
through  the  activity  of  this  contractile  tissue.  From  this  stand- 
point their  function  may  be  regarded  as  more  important  than  that 
of  the  mass  of  the  vohmtarv'  musculature,  since  so  far  as  the  mere 
maintenance  of  the  life  of  the  organism  is  roncemed,  the  proper 
action  and  co-ordination  of  the  movements  of  the  \'isceral  organs 
is  at  all  times  essential. 

Distinctive  Properties. — The  phenomena  of  contraction  shovt-n 
by  plain  muscles  are,  in  general,  closely  similar  to  tho^e  already 
studied  for  striated  muscle,  the  one  great  difference  being  the 
much  greater  sluggishness  of  the  charges.     Plain  muj^clos  differ 


J 


Fig.  26. — Curve  of  eiimple  contniction  of  plain  muad^.  The  midiile  Une  is  the  time 
ncurU,  markiuK  inter\'iLl?  uf  a  :«cond.  The  lowerrntwt  line  indicateH  at  the  break  the  mo- 
meat  of  stimulation  <.<«liqrt- bating,  tetaniciriK  curreol).  It  will  be  ooen  that  the  lateat  period 
between  tM*icinniuff  <)[  .itiiiiulation  and  begioning  of  roiitmction  ia  e<]ual  to  about  three 
»econd}<. 

among  themselves,  of  course,  as  do  the  striated  muscles,  but,  speak- 
ing generally,  the  simple  contractions  of  plain  muscle  have  a  ver^' 
long  latent  period  that  may  he  a  hundred  or  Rve  hundred  times 
as  long  as  that  of  cross-striated  muscle,  and  the  phases  of  shortening 
and  of  relaxation  are  also  similarly  prolonged;  so  that  the  whole 
movement  of  contraction  ia  relatively  slow  and  gentle  (see  Fig. 
26).  Plain  muscle  responds  to  artificial  stimuli,  but  the  electrical 
current  is  obnously  a  less  adequate — that  is,  a  less  normal — stimulus 
for  this  tissue  than  for  the  striix^d  muscle.  The  amount  of  current 
necessary  to  make  it  contract  is  far  greater.  The  amount  of  con- 
traction varici*  with  the  strength  of  stimulus, — that  is,  the  tissue 
gives  submaximal  and  maximal  contractions.  'Iwo  successive 
stimuli  properly  spaced  will  cause  a  larger  or  summated  contraction, 
and  a  series  of  stimuli  will  give  a  fused  or  tetanic  contraction.  The 
rate  of  stimulation  necessary  to  produce  tetanus  is,  of  course,  much 
slower  than  for  cross-striped  muscle.  The  stomach  muscle  of  the 
frog,  for  instance,  requires  only  one  stimulus  at  each  five  sec- 
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tetanus.*    A  diBtinguiehinK  and  imiwrtant  charac- 

terbttr  of  the  plain  muscle  is  its  power  to  n^miiin  in  tone, — that 
ii,  to  rtmain  for  long  periods  in  a  condition  of  greater  or  less  con- 
traction. Doubtless  this  tonic  contraction  under  normal  relations 
lly  <lependcnt  upon  stimulation  received  through  the  ner- 
rstcm  (neurogenic  tonus),  but  the  muscle,  when  completely 
wolAl«d  from  the  central  nervous  system,  whether  in  or  out  of 
Xhm  body,  continues  to  exhibit  the  phenomenon  of  tone  to  a 
ranarkAble  degree.  In  moat  of  the  organs  in  which  plain  muscle 
ooeitn  thnn*  are  present  also  numerous  nerve  cells,  and  it  is 
tbcrefore  still  &  question  as  to  whether  the  tonic  changt^  shown 
by  this  tissue,  after  separation  of  its  extrinsic  nerves,  depend 
upoo  a  property  of  the  muscle  itself  (myogenic  tonus)  or  upon 
their  intrinsic  nerve  cells.  Most  observers  adopt  the  foVmer 
The  in»portance  of  this  property  of  tone  in  the  plivin 
tissue's  will  be  made  fully  apparent  in  the  de.scriiittou 
^the  physiologA*  of  the  (trgans  of  circulation  and  digestion. 
shall  find  that  constantly  throughout  life  the  walls  of  the  small 
arlmoB  resist  a  high  internal  pressure,  and  that  in  other  visceral 
pressures  of  var>ing  amounts  arc  supiMjricd  by  the  tonicity 
of  the  plain  muscle  in  their  walls.  Many  interesting  obsi-rvations 
in  late  years  tend  to  show  that  the  tension  developed  in  plain  muscle 
in  a  rtale  of  tone  is  accompanied  by  little  or  no  production  of  heat 
ami  by  little  evidence  of  chemical  changes  of  an  oxidative  nature.t 
In  inline  verA' economical  way,  so  far  as  the  consumption  of  mate- 
rial and  encrg>^  is  concerned,  the  condition  of  the  muscle  may  be 
changed  from  a  state  of  little  tone  to  one  of  greater  tone.  Plain 
musde  may  exhibit  aLso  the  phenomenon  of  rhythmical  activ- 
ity — that  is,  under  proper  conditions  it  may  contract  and  re- 
lax rhythmically  like  heart  tissue,  t  Such  movements  have 
been  obaen'ed  and  studied  upon  the  plain  muscle  of  the  ureter, 
the  bladder,  the  esophagus,  stomach,  and  other  portions  of  the 
alimentary  canal,  the  spleen,  the  blood-vessels,  etc.  This  property 
•eena  to  be  very  un€*qually  distributed  among  the  different  kinds 
of  plain  muscle  foun<i  in  the  same  or  different  animals,  but  this 
fact  aerves  only  to  illustrate  the  point  already  sufficiently  empha- 
liacd,  that  grouping  one  kind  of  tissue — e.  g.,  plain  muscle — into 
a  oQOunon  class  does  not  signify  that  the  properties  of  all  the  mem- 
boa  of  the  group  are  identical.    The  question  as  to  how  far  the  phe- 
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aomenon  of  rhythmical  contraction  is  entirely  muscular  and  how  far 
it  depends  upon  intrinsic  nerve  cells  is  a  complex  one;  the  answer 
will  probably  vary  for  different  organs,  and  the  subject  will  therefore 
be  considered  in  the  organs  as  they  are  treated. 

Cardiac  Muscular  Tissue. — ^As  the  muscle  cells  of  cardiac 
tissue  are  somewhat  intermediate  in  structure  between  the  striated 
fibers  of  voluntary  muscle  and  the  cells  of  plain  muscles,  so  their 
physiological  properties  to  some  extent  stand  between  these  two 
extremes.  The  rate  of  contraction,  for  instance,  while  slower  than 
that  of  the  fibers  of  skeletal  muscles,  is  more  rapid  than  that  of 
plain  muscle.  The  most  striking  peculiarity  of  heart  muscle  is, 
however,  its  power  of  rhythmical  contractility,  and  this,  as  well  as 
its  other  properties,  is  so  directly  concerned  with  its  functions  as 
an  organ  of  circulation  that  it  may  be  discussed  more  profitably 
in  that  connection. 

Ciliated  Cells. — In  the  mammalian  body  the  phenomenon  of 
contractility  is  exhibited  not  only  by  the  well-defined  muscular 
tissue,  but  also  by  the  leucocytes  and  especially  by  the  cilia  of  the 
ciliated  epithelium.  Epithelial  cells  with  motile  cilia  are  found  lin- 
ing the  mucous  membrane  of  the  air-passages  in  the  trachea,  larynx, 
bronchi,  and  nose,  in  the  lacrimal  duct  and  sac,  in  the  genital  pas- 
sages, uterus  and  Fallopian  tubes  and  the  tubules  of  the  epididymis, 
and  in  the  Eustachian  tube  and  part  of  the  middle  ear.  Similar 
cells  are  found  lining  the  ventricles  of  the  brain  and  the  central 
canal  of  the  cord.  The  cilia  in  this  latter  position  have  been 
demonstrated  to  be  motile  in  the  frog,  and  according  to  an  old 
observation  by  Purkinje*  the  same  is  true  for  the  mammalian 
(sheep)  embryo.  So  also  in  the  neck  of  the  uriniferous  tubule 
ciliated  cells  are  said  to  occur,  but  whether  they  are  motile  or  not  has 
not  been  demonstrated.  In  the  internal  ear  and  the  olfactory  mucous 
membrane  the  so-called  sense  cells  are  also  ciliated,  but  here  at  least 
the  cilia  are  probably  not  motile.  Ordinarily  each  ciliated  epithelial 
cell  carries  a  bunch  of  cilia,  all  of  which  contract  together,  but 
motile  protoplasmic  prolongations  of  the  cell  may  occur  singly,  as 
is  illustrated  in  the  spermatozoa,  for  instance,  and  in  many  of  the 
protozoa  and  plant  cells.  In  the  lower  forms  of  life  cilia  play 
obviously  a  very  important  role  in  locomotion,  the  capture  of  food, 
and  respiration,  and  their  form  and  manner  of  movement  vary 
greatly.  The  form  of  movement  or  manner  of  contraction  was 
formerly  described  under  four  heads, — the  hook  form,  the  pendular, 
the  undulatory  or  wave-like,  and  the  funnel  form  or  infundibulary. 
With  the  exception  of  the  spermatozoa,  the  cilia  found  in  mam- 
mals show  the  first  form  of  contraction.    The  little  processes  are 

•  Purkinje,  "MuUer's  Archiv,"  1836. 
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CQOtracted  quickly  in  one  direction,  so  as  to  take  a  hook  shape, 
and  then  relax  more  slowly,  the  relaxation  taking  several  times 
as  kmg  as  the  contraetion.  The  whale  movement  is  rhythmieal  and 
ven'  rapid.  The  cilia  of  the  epitheUum  of  tlie  fRig's  pharynx  and 
Cioplucus,  which  have  been  the  most  frequently  studied  in  the 
ht^nr  animals,  contract,  according;  to  En^lmann,  at  the  rate 
af  12  tinoes  per  second.  When  a  fiekl  of  epithelium  i.s  observed 
:iXKier  the  microscope  the  contractions  pass  over  it  in  a  definite 
dtrBttioDt  but  so  rapidly  that  the  eye  is  not  able  to  analyze  them; 
ODT  obtains  the  impression  simply  of  a  swiftly  flowing  current. 
As  tike  cilia  l>egin  to  die.  their  movements  h>econie  less  nipid.  and 
the  oature  of  the  contractions  and  their  progress  from  cell  to  cell 
fsui  bp  satisfactorily  observed.  In  the  inanmuilia  the  function  of 
the  ciliated  epithelium  is  supix:)sed  to  l)e  entirely  rnechanicaK — 
UuU  is,  the  cilia  move  substances  lying  up<jn  them.  In  the  ovi- 
dorts  they  move  or  help  to  move  the  ovum  toward  the  uterus, 
and  in  this  latter  orycan  their  motion  is  supposed  to  guide  the 
flpennatosoa  from  the  uterus  toward  the  oviducts, — that  is, 
the  fBBWtnnce  offered  to  the  motile  spennatozoa  guides  their  move- 
nrnmnim^  So  in  the  respirator>'  passapeis  foreign  particles  of  various 
forta,  tog:ether  with  the  secretion  of  the  mucous  glands,  are  moved 
Uyward  the  mouth,  the  effect  being  to  protect  the  air-passages 
bom  obotruction.  The  contraction  and  rehixation  of  the  cilia  are 
JMBumed  to  be  phenomena  of  essentially  the  same  order  a*^  those 
exhibited  by  the  muscle  tissue.  A  theory  that  wiii  adetjuately 
explain  one  will  doubtless  t>e  applitable  to  the  other.  Many 
iatentitting  facts  have  been  established  regarding  ciUar>'  move- 
mcnta.  The  contractions  of  the  cilia  in  any  given  held — the 
tnefaea,  for  instance— follow  in  a  definite  se(]uence  and  are  co- 
ordiiiated.  The  waves  of  contraction  progress  in  a  definite  direction. 
This  fact  increases  greatly  the  effet-tiveness  of  the  cilia  in  i>er- 
fonnini;  work.  Thus,  in  spite  of  their  extremely  minute  size,  it 
fstimateil  that  an  area  of  a  square  centimeter  is  capable  of 
Moving  a  load  of  li'Ma  gms.  The  contractions  are  automatic. — 
that  is.  the  stimulus  causing  them  Is  not  dei)endent  upon  a  con- 
Drction  with  the  nenous  system.  l>ul  upon  processes  arising  within 
the  cell  itself;  the  cilia  of  a  single  completely  isolated  cell  may 
eoniinue  to  contract  vigorously.  The  movement  may  continue 
for  ji^vcral  days  after  the  death  of  the  individual,  thus  again  showing 
Ihr  physiological  independence  of  the  structure.  The  ciliated  cells 
nuiy  conduct  a  stimulus  or  impulse  to  other  cells  even  after  its 
ovn  cilia  have  lost  their  contractility.  Tliis  fact  is  particidarly 
■jgnifirtnT  in  general  physiolog}',  as  it  aids  in  showing  that  the 
ptupefty  of  conductivity  wliich  is  exhibited  in  such  liigh  degree 
bf  nerve  fil)er8  is  possessed  to  a  lower  degree  by  other  tissues. 
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The  ciliary  movement  is  affected  by  variations  in  temperature,  and 
if  the  temperature  passes  beyond  an  optimum  point  the  cilia  fall 
into  a  condition  resembling  heat  rigor  in  the  muscle.  Their  move- 
ments are  affected  also  by  the  reaction  of  the  medium,  being  at 
first  accelerated  and  then  slowed  or  destroyed  by  a  slight  degree 
of  acidity  and  favored  by  a  ver>'  slight  degree  of  alkalinity.* 

*  References  for  phy«oIo^  of  dliary  movement:  Verwom,  "General 
Physiology,"  En^lisb  translation  by  Lee;  Putter, " Er^ebnlsse  der  Physiol- 
orae/'  1902,  vol.  li,  part  ii;  Engelmann,  article,  "Cils  vibratils,"  iu  Richet's 
"Dictionnaire  de  Physiologie,"  voL  iii,  1898. 


CHAPTER   n. 

THE  CHEMICAL  COMPOSITION  OF  MUSCLE  AND  THE 

CHEBOCAL  CHANGES  OF  CONTRACTION  AND 

OF  RIGOR  MORTIS. 
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Muscle  Plasma. — The  Iwginniiig  of  our  present  knowledge  of 
the  cheinical  composition  of  muscle  is  found  in  some  interesting  ex- 
periment's maile  by  Kuhne  upon  frog's  muscle.  Kiihne  froze  the 
fiving  muscle  to  a  hard  mass,  cut  it  into  fine  shavings  with  cold 
knhnes,  and  ground  the  pieces  thoroughly  in  a  cold  mortar.  The 
fine  muscle  snow  thus  .obtained  was  put  under  high  pres.sure  and 
a  liquid  expressed  which  was  assiimed  to  represent  the  fluid  living 
aahrtanoe  in  the  normal  filx^r.  This  muscle  plasma  clotted  on  stand- 
ing, much  as  blood  does,  the  muscle  clot  shrinking  and  scjueezing 
oat  a  muscle  senim.  Similar  experiments  have  since  been  per- 
formed by  Halliburton*  on  mammalian  muscle. 

CompowUion  of  thf.  Musck'  Plaftma. — Using  the  term  muscle 
plMina  to  designate  the  entire  contents  of  the  mnscle  filter  within 
tbe  Barrolemma,  it  is  obvious  that  this  uiateriHl  should  contain  all 
tbe  coDstitueoUi  tliat  properly  belong  to  the  muscle,  in  contnulis- 
tioctton  to  the  substances  found  in  the  connective  tissue  binding 
tbe  mudole  fiherB  together. 

The  constituents  in  addition  to  water  that  are  known  to  occur 
in  muscle  are  very  numerous  indeed,  and  difficult  to  classify.  They 
may  be  |qx)upcd  under  the  following  heads:  {!)  Proteins.  (2)  Car- 
bohydrates and  fata.  (3)  Nitrogenous  extractives  (creatin,  urea, 
tie,).  (A)  Non-nitrogenous  extractives  (lactic  acid,  inosite,  etc.). 
(5)  Pigment*.  (5)  Fennents.  (7)  Inorganic  salts.  Very  little 
that  w  p<«itive  can  be  stated  regarding  the  physiological  r61e 
of  most  of  these  constituents,  the  interest  that  attaches  to  them 
at  pccsent  being  largely  on  the  chemical  side. 

The  Muscle  Proteins,  f — The  proteins  of  the  muscle  have  been 
fanrestigateil  V)v  a  numl>er  of  observers,  but  unfortunately  the 
terminology  employed  has  not  been  uniform,  and  the  facts  so  far 

•  HjiIWHirton.  "Journal  of  Ph\v4iolog>-."  8.  133,  1R88. 

t  Van  F<irt»i.  "/Vrchiv  i.  t-xper.  Path.  u.  Phannakol.,  "  36,  231.  1896,  and 
''Haaiibiieh  der  Btochemie^*'  1909,  vol.  2,  p.  244;  Halliburton.  "JourDal  of 
Fkymh^"  ft,  133,  18S8;  Stewart  and  SoUman,  ibid.,  24,  427,  1890. 
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as  they  &re  known  to  us  seem  to  be  ob\ious]y  incomplete.  Ac- 
cording to  von  Furthy  two  proteins  may  be  obtained  from  mam- 
malian muscle  by  extracting  it  with  dilute  saline  solutions, — namely, 
myosin  and  myogen,  the  latter  existing  to  three  or  four  times  the 
amount  of  the  former.  Myosin  belongs  to  the  globuUn  group  of 
proteins  (see  appendix) ;  it  is  coagulated  by  heat  at  44**  to  50°  C, 
it  is  precipitated  by  dialysis  or  by  weak  acids,  it  is  easily  precipi- 
tated from  its  solutions  by  adding  an  excess  of  neutral  salts,  such 
as  sodium  chlorid,  magnesium  or  ammonium  sulphate.  With 
the  last  salt  it  is  completely  precipitated  when  the  salt  is  added 
to  one-half  saturation  or  less.  Its  most  interesting  property,  how- 
ever, is  that  on  standing  at  ordinan'  temperatures  it  passes  over 
into  an  insoluble  modification  which  separates  out  as  a  sort  of 
clot.  Following  the  terminologj'  used  for  the  blood,  this  insoluble 
modification  is  called  myosin  fibrin.  Myogen,  the  other  protein, 
seems  to  fall  into  the  group  of  albumins  rather  than  globulins. 
It  is  not  precipitated  by  dialysis  and  requires  more  than  half 
saturation  with  ammonium  sulphate  for  its  complete  precipitation. 
It  is  coagulated  by  heat  at  a  temperature  of  55**  to  65°  C.  Solutions 
of  myogen  on  standing  also  undergo  a  species  of  clotting,  the  in- 
soluble protein  that  is  formed  in  this  case  being  called  myogen  fibrin. 
It  appears,  however,  that  in  changing  to  myogen  fibrin  the  myogen 
passes  through  an  intermediate  stage,  designated  as  soluble  myogen 
fibrin,  in  which  its  temperature  of  heat  coagulation  is  as  low  as 
30®  to  40**  C, — the  lowest  temperature  recorded  for  any  protein. 
As  was  stated  in  the  paragraph  on  muscle  rigor,  it  is  known  that 
frog's  muscle  goes  into  heat  rigor  at  about  37°  to  40°  C,  and  in 
accordance  with  this  fact  it  is  stated  that  a  protein,  soluble  my- 
ogen fibrin,  which  is  not  present  in  mammalian  muscle,  occurs 
normally  in  the  muscle  of  the  frog  and  also  of  the  fishes. 

It  may  be  doubted  whether  these  proteins  exist  as  such  in 
the  living  muscle.  Extracts  must  of  necessity  be  made  after  the 
muscle  plasma  is  dead  and  probably  coagulated.  Myogen  is  said 
not  to  occur  in  the  muscles  of  the  invertebrates.  It  should 
be  added  that  after  the  most  complete  extraction  with  saline 
solutions  the  muscle  fiber  still  retains  much  protein  material, 
and  its  structural  appearance,  so  far  as  cross-striation  is  con- 
cerned, remains  unaltered.  The  portion  of  protein  material 
thus  left  in  the  muscle  fiber  as  a  sort  of  skeleton  framework 
is  designated  as  the  muscle  stroma;  it  is  not  soluble  in  solu- 
tions of  neutral  salts,  but  dissolves  readily  in  solutions  of 
dilute  alkalies.  In  striped  muscle  this  so-called  stroma  forms 
about  9  per  cent,  of  the  weight  of  the  muscle;  while  in  the  heart 
muscle  it  makes  about  56  per  cent.,  and  in  the  smooth  muscle, 
72  per  cent.     It  is  at  present  uncertain  whether  the  myosin  and 
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nsyoseti  represent  the  protein  constituents  of  the  contractile  ele- 
ments of  the  muscle  fibers  or  of  the  undifFei'entiated  portion,  the 
aveoplABin.     The  proteins  of  plain  muscle  tissue  and  of  cardiac 
have  not  received  so  much  attention  us  those  of  voluntary 
It  is  stated,  liowever,  that  the  proteins  extracted  from 
ihese  tiantes  by  salt  solutions  are  coagulable  on  standing',  as  in 
the  caae  of  the  extracts  of  voluntaiy  muscle.     In  j»!jun  muscle 
two  proteins,   in  addition   to  some   nucleoprotein,  are  described, 
one  belnn^ng  to  the  alluimin  and  one  to  the  ^If^^l^idin  class,  but 
the  kktitit}'  or  relationship  of  these  proteins  to  thase  above  de- 
•cribcd  has  not  I^een  established.     In  heart  muscle,  myosin  and 
atjroQen  occur  in  practically  the  same  proportions  iis  in  voluntary 
BWitte,  but  the  amoimt  of  stroma  left  undissolved  after  treatment 
with   aaline  sohitions  is,  as  stated  above,  much  greater  than  In 
-     ili^leiAl  muscle.* 
I        The  Carbohydrates  of  Muscle. — Muscle  contains  a  certain 
^kjnOB&t  of  sugar  Ulextrosc  or  dcxtmse  and  isonialtose),  and  also 
^Tvnv  normal  conditions  a  consi<lerablc  quantity  of  glycogen,  or 
fo-eaUed  animal  starch.     The  formation  and  the  consumption  of 
siyro|;en  in  the  I)ody  constitute  one  of  the  most  interestinp;  chapters 
in  the  pbysiolog>'  of  nutrition,  antl  the  relations  of  glycogen  will 
more  fully  under  that  hea*l.     It  may  be  stated  here» 
that  the  muscular  tissue  has  the  j)ower  of  converting  the 
Atgar  brought  to  it  by  the  blood  intx>  glycogen.     It  is  a  synthetic 
raaetion   in  which   the  simple   molecule   «jf  tlie   monosaccharide 
(d«gctn)«e)  is  converte<l  by  ilehydrutinn    and  condensation  to  the 
htpsT  molecule  of  the  polysaccharide  (glycogen).     It  is  repre- 
ted  in  principle  by  the  reaction 

n(C»H,:0«)— n(H,0)  =  (C,H.A)n. 

i'Tbe  glycogen  thus  formed  is  stored  in  the  muscle  and  forms 
eOMtant  constituent  of  well-nourished  muscle  in  the  resting 
eonditioQ,  the  amount  var>'ing  betw(H'n  0.5  ;ind  0.9  per  cent,  of 
the  weight  of  the  muscle.     The  glycogen  thus  store*!  in  the  muscle 

Ik  coQffumed  by  the  tissue  during  its  activity,  and  it  is  assumed 
ihai  before  it  is  thus  consumed  it  is  converte*!  back  into  sugar  by 
the  action  of  an  amylolytic  enzyme  containetl  in  the  muscle.  The 
l^eogcn,  therefore,  itself  represents  a  local  deixisit  of  carbohydrate 
nutritive  material.  The  sugar  and  the  glycogen  must  l>e  con- 
liderpd  as  one  from  the  standpoint  of  the  nutrition  of  the  muscle. 
During  muscular  activity  the  store  of  glycogen  is  used  up,  and  if 
the  activity  is  sufficiently  prolonged  it  may  be  made  to  disap- 


•  Vmertit  uid  Lewis.  "Journal  of  Ph>TiioloK>*/'  26,  44.5,  1901 ;  also  "ZaU 
■ehrilt  r.  phyaiolofc.  Chemie/'  34,  417,  19Ul-2j  Stewart  aDd  SoUman.  /or.  cii.: 
fxm  Fttrth,  ''General  Review,  Handbuch  der  BiocherniOf"  vol.  2,  part  2,  p.  244. 
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pear  entirely.  Among  the  many  uncertain  and  contradictory 
statements  regarding  the  chemical  changes  in  active  musclei  this 
fact  stands  out  in  pleasant  contrast  as  one  that  is  satisfactorily 
demonstrated. 

Lactic  Acid  (CgH^Oj). — Lactic  acid  is  found  in  varjdng  amounts 
in  the  extracts  of  muscle.  The  acid  that  is  obtained  is  the  so-caHed 
ethidene  lactic  acid  or  a-hydrox>'propionic  acid  (CH^CHOHOOOH), 
and  differs  from  the  lactic  acid  found  in  sour  milk  in  that  it  ro- 
tates the  plane  of  polarized  light  to  the  right.  The  lactic  acid  in 
sour  milk  is  produced  by  bacterial  fermentation,  and  is  inactive  to 
polarized  light,  because  it  exists  in  racemic  fonn  ;  that  is,  it  con- 
sists of  equal  amounts  of  the  right-handed  form  which  turns  the 
plane  of  polarization  to  the  right  and  of  the  left-handed  form 
which  turns  it  to  the  left.  In  the  muscle  the  right-handed  form 
is  found  mainly  or  only,  and  this  form,  therefore,  is  frequently 
designated  as  sarcolactic  (or  paralactic)  acid.  Recent  work 
indicates  that  in  the  perfectly  resting  muscle  lactic  acid  is 
present  only  in  traces.  The  amount  is  greatly  increased  during 
contraction  or  in  the  processes  leading  to  rigor.  This  substance 
may  be  considered,  therefore,  as  an  intermediary  product  formed 
in  the  course  of  the  chemical  reactions  constituting  the  normal 
metabolism  of  the  muscle.  Its  origin  is  considered  in  more  detail 
below. 

The  Nitrogenous  Extractives  (Nitrogenous  Wastes). — Muscle 
extracts  contain  numerous  crystallizable  nitrogenous  substances 
which  are  regarded  as  the  end-products  of  the  disassimilation 
or  catabolism  of  the  living  protein  material  of  the  muscle.  The 
number  of  these  substances  that  have  been  found  in  traces  or 
weighable  quantities  is  rather  large.  They  have  aroused  great 
interest  because  their  structure  throws  some  light  on  the  nature 
of  protein  catabolism.  The  one  that  occurs  in  largest  amount  is 
creatin,  C4H9N3C)2,  or  methyl-guanidin-acetic  acid,  NHCNHr- 
NCHjCHzCOOH.  Creatin  is  present  in  amounts  equal  to  0,4 
to  0.5  per  cent,  of  the  weight  of  the  muscle.  The  relations  of  this 
substance  to  the  creatinin  (C4H7N3O)  found  in  the  urine  are  dis- 
cussed on  p.  852.  Another  nitrogenous  body  with  basic  proper- 
ties which  occurs  in  amounts  about  equal  to  the  creatin  is  camo- 
sin,  C9HUN4O3.*  It  is  probably  a  derivative  of  histidin,  since 
on  hydrolysis  it  yields  histidin  and  aianin  (Gulewitsch).  Noth- 
ing is  known  of  its  physiological  significance.  In  addition  there 
is  a  group  of  bodies  supposed  to  represent  the  end-products  of 
the  breaking  up  of  the  nucleins  of  the  muscle,  all  of  which  be- 
long to  the  so-called  purin  bases.    These  are :  Uric  acid  (C6H4N40»), 

•Von  Fttrth  and  Schwarz,  "Biochemwche  Zeitschrift,"  1911,  30,  413. 
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xanthin  (C»H«N40,),  hypoxanthin  (C6H4N4O),  Ruanin  (CsHtNfiO), 
adHiin  {C*H»N»).  and  carnin  (CtH^N*^)*).  They  will  l>e  re- 
femd  to  more  fully  in  the  section  on  Nutrition.  Several  other 
nitfo^ettous  extractive's  have  been  isolated  and  named,  but  there 
m  porimps  some  doubt  as  to  their  eheiiiirul  individuality.  These 
flitWiBPUOUfl  pro<iuct«t  are  found  in  the  various  mcjit  cxtractvS  and 
nrat  juices  use<i  in  dietetics.  While  they  possess  no  direct  nutri- 
tive value,  it  seonis  probable  (see  chapter  on  (Jastric  Digestion) 
that  th<»y  may  have  a  stimulating  action  upon  the  secretion  of  the 
gastrir  glands. 

Pfpnents. — The  red  color  of  many  muscles  is  believed  to  W 
dtic  to  the  presence  of  a  special  pigment  which  resembles  in  its 
ffinictare  and  its  properties  the  ivemoKlobin  of  the  red  blood 
eorpuadea,  and  perhaps  is  identical  with  it.  This  pi^^rnient  is  known 
m  mjobematin  or  myochrome.  It  belongs  presumably  to  the 
KTOup  of  so-called  respiratory  pigments^  which  have  the  property 
of  bokfing  oxj'gen  in  loose  combination,  and  by  virtue  of  this 
property  it  takes  part  in  the  absorption  of  oxygen  by  the  muscular 
tidBue. 

,cs. — Very  active  chemical  changes  take  place  in  muscle 
contraction  as  well  as  durinji;  rest.  These  metaljolic  changes 
involve  processes  of  hydrolysis,  of  oxidation,  of  reduction,  and  of 
BynttiMBy  and,  in  most  cases,  they  are  supposed  to  be  effected 
tfaftNUli  the  agency  of  enzymes.  In  accordance  with  this  general 
flialanirnt  ver>'  many  different  kinds  of  enzymes  have  been  shown 
to  oecur  in  muscular  tissue:  proteol>'tic,  amylolytic,  and  lipolytic 
cniymcfi,  oxidases  or  peroxidases,  reductases,  an  enzyme  capable 
of  apUtting  off  urea  from  arginin  (arginase),  probably  deaminases 
that  apUt  off  ammonia  from  the  amino-acids,  etc.  Most  of  these 
eniynics  will  be  referred  to  more  or  less  specifically  in  the  section 
00  Nutrition. 

The  Inorganic  Constituents. — Muscle  tissue  contains  a  number 
of  mhSf  chiefly  in  the  form  of  the  chlorids,  sulphates,  and  phos- 
photfo  of  sodium,  potassium,  calcium,  magnesium,  and  iron.  As 
in  oiher  tissues,  the  ]x>tassium  salts  prerlominate  in  the  tissue 
haelf*  In  frog's  muscle  the  entire  ash  constitutes  about  0.88 
per  eenl.  of  the  dry  material  of  the  muscle,  and  of  this  ash  the 
pntaawiurii  and  the  phosphoric  acid  together  make  up  more 
tliaa  80  per  cent.  (Urano).  These  inorganic  constituents  are 
im|>ortant  to  the  normal  activity  of  the  muscle,  and, 
in  two  ways:  first,  in  that  they  maintain  a  normal 
presHure  within  the  substance  of  the  fibers  and  thus 
cootrol  the  exchange  of  water  with  the  surrounding  lymph  and 
blood;  second,  in  that  they  are  necessary  to  the  normal  structure 
and  irritability  of  the  living  muscular  tissue.  Serious  variations 
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in  the  relative  amounts  of  these  salts  cause  marked  changes  in 
the  properties  of  the  tissues,  as  is  explained  in  the  section  on 
Nutrition,  in  which  the  general  nutritive  importance  of  the  salts 
is  discussed,  and  also  in  the  section  deaUng  with  the  cause  of  the 
rhythmical  activity  of  the  heart. 

Chemical  Changes  in  the  Muscle  during  Contraction  and 
Rigor. — The  chemical  changes  known  to  occur  in  muscle  as  a  result 
of  contraction  under  normal  conditions  are  the  following:  (1) 
Production  of  carbon  dioxid.  (2)  Production  of  lactic  acid,  (3) 
Disappearance  of  glycogen.  A  complete  theory  of  contraction 
would  include,  of  course,  an  explanation  of  the  relation  of  these 
changes  to  one  another  and  to  the  processes  of  contraction  and 
relaxation.  We  do  not  at  present  possess  such  a  theory,  and 
consequently  the  significance  of  the  facts  known  can  only  be 
guessed  at  or  stated  in  a  provisional  way. 

Production  of  Carbon  Dioxid. — After  increased  muscular  ac- 
tivity it  may  be  shown  that  an  animal  gives  off  a  larger  amount 
of  carbon  dioxid  in  its  expired  air.  In  such  cases  the  carbon  dioxid 
produced  in  the  muscles  is  given  off  to  the  blood,  carried  to  the 
lungs,  and  then  exhaled  in  the  expired  air.  Pettenkofer  and  Voit, 
for  instance,  found  that  during  a  day  in  which  much  muscular 
work  was  done  a  man  expired  nearly  twice  as  much  COi  as  during 
a  resting  day.  The  same  fact  can  be  shown  directly  upon  an  iso- 
lated muscle  of  a  frog  made  to  contract  by  electrical  stimulation. 
The  carbon  dioxid  in  this  case  diffuses  out  of  the  muscle  in  part 
to  the  surrounding  air,  and  in  part  remains  in  solution,  or  in 
chemical  combination  as  carbonates,  in  the  liquids  of  the  tissue. 
It  has  been  shown  by  Hermann*  and  others  that  a  muscle  that  has 
been  tetanized  gives  off  more  carbon  dioxid  than  a  resting  muscle 
when  their  contained  gases  are  extracted  by  a  gas  pimip.  This  COt 
arises  from  the  oxidation  of  the  carbon  of  some  of  the  constituents 
of  the  muscle,  and  its  existence  is  an  indication  that  in  their  final 
Ktages  the  changes  in  the  muscle  are  equivalent  to  those  of  ordinary 
combustion  at  high  temperatures,  the  burning  of  wood  or  fats,  for 
instance.  Moreover,  the  formation  of  the  COj  in  the  muscle  is 
a/;companied  by  the  production  of  heat,  as  in  combustion;  and 
for  the  same  amount  of  COj  produced  in  the  two  cases  the  same 
amount  of  heat  is  lil)erated.  Fletcher  t  has  discovered  the  sig- 
nificant fact  that  the  increased  elimination  of  COt  following 
ijfM^n  contraction  is  clearly  shown  only  when  the  muscle  is  well 
^Hjfjiplied  with  oxygen.  In  the  absence  of  oxygen  contraction 
$$tsiy  t'/Axmt  no  increase  in  the  COj  given  off.    This  fact  seems  to 

*  f  f/rrmftnn,  ''Untersuchungen  iiber  den  Stoffwechsel  der  Muakeln,  etc.," 

»  iViui^,  "Journal  of  Physiology,"  1902,  28,  474. 
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be  ia  accoiti  with  prevalent  ideas  reRartling  the  nature  of  the 
Aoseular  niot«lx)lisni,  according  to  which  the  chemical  processes 
Uke  place  in  two  stages.  In  the  first  the  complex  energy- 
yidAng  material,  sugar,  for  example,  undergoes  a  splitting 
proreoB  which  results  in  the  formation  of  intermediary  products, 
«Ocb  a*  lactic  aiMd.  In  the  second  stage  these  intenucdiary 
pniduct8  or  somt-  of  them  arc  oxidized,  provided,  as  Fletcher  points 
out,  there  h  an  adec|uat<»  supply  of  oxygen.  Under  normal  condi- 
liocks  a  sufficient  amount  of  oxygen  is  furnished  by  the  circulating 
Uood,  but  under  pathological  conditions  and  in  the  excised 
Biuacle,  eepccially  when  air  is  exdudfMl,  the  sup[)ly  may  not  be 
adequate,  and  lu*  a  n\sult  the  inteniie<iiary  products  are  not  oxi- 
ffisfd  ctimpU'tely.  Under  such  conditions  less  heat  is  produred 
in  the  muscle,  and  the  intennediary  products  accuituitate  in  the 


I 


I 
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TTje  g<*neral  \iew5  here  stated  are  in  accord  with  the  fact^  re- 
cxmitng  heal  production  in  muscle  during  contraction,  as  stated  on 
p.  37.  The  B4>-called  delaye<l  heat  production  that  occurs  after  the 
mechanical  pnK*ess  of  shortening  is  past  is  prohahly  caused  by  the 
ifTHft«^^*f!  of  the  intenneditir>'  products,  tin'  la^-ti*'  acid  perhaps,  and 
HO*  has  shown  tlmt  wlicn  oxygen  is  excluded,  this  second  phas2 
io  heat  production  drops  out. 

Dimipptararwi'  of  the  Clycogen, — An  equally  positive  chemical 
^^«lfp>  in  the  nmscle  (.luring  contraction  is  the  disappearance  of  its 
oontainofi  glyeogen.  Satisfactory  proof  has  In^en  furnished  that  the 
amoant  of  glycogen  in  a  musele  disappears  more  or  less  in  propor- 
Xkm  lo  ihc  extent  and  duration  of  the  contractions,  and  that  after 
muscular  actixnty,  esf>ecially  in  the  star\nng  animal,  the 
may  be  exhausted  entirely.  In  wliat  way  the  giycdgen  is 
oanannnrNl  is  not  completely  known;  the  matter  is  discussed  in 
the  next  paragraph  and  in  the  section  ow  Nutrition.  It  is.  per- 
ha|MS  the  general  iM-lief  in  physiolog>*  to-day  that  under  normal 
cmditioDD  the  glycogen  of  the  muscle,  after  l>eing  changed  to 
eagar,  uiwlerg(K«  a  conversion  to  lactic  acid  as  a  result  of  the 
tftfanulus  that  induces  contraction,  and  that  this  formation  of 
lactic  acid  ia  directly  or  indirectly  connected  with  the  process  of 
•hortmiug- 

The  Formation  of  Lactic  Acid. — The  lactic  acid  that  is  present 
in  the  miisoie  is  believed  to  be  increased  in  quantity  by  muscular 
artivity.  Attention  was  first  called  to  this  point  by  du  Bois- 
Reymond,  who  showed  that  the  reaction  of  the  tetanircd  muscle 
i»  distinctly  acid,  while  that  of  the  resting  muscle  is  neutral  or 
digbUy  alkaline.    This  fact  can  l>e  demoast  rated  by  the  use  of 


•  HiU,  "Journal  of  Physiology,"  46,  28,  1913. 
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litmus  paper,  but  perhaps  more  strikingly  by  the  use  of  acid  fuchsin  • 
If  a  solution  of  acid  fuchsin  is  injected  under  the  skin  of  a  frog  it 
is  gradually  absorbed  and  distributed  to  the  body  without  injuring 
the  tissues.  In  the  normal  media  of  the  body  this  solution  remains 
colorless  or  nearly  so.  If  now  one  of  the  legs  is  tetanized  the 
muscles  take  on  a  red  color,  showing  that  an  acid  is  produced  locally. 
The  supposition  general^  made  is  that  the  acidity  during  activity 
is  due  to  an  increased  production  of  sarcolactic  acid.  Experiments 
have  been  made  by  a  number  of  observers  to  determine  quantita- 
tively the  amount  of  lactic  acid  in  the  resting  and  the  worked 
muscle  respectively.  Several  have  stated  that  the  amount  is  act- 
ually less  in  the  worked  muscle;  others  have  found  an  increase. 
The  balance  of  evidence  seems  to  show  that  there  is  an  increased 
production,  but  that  this  increase  may  be  obscured  in  the  living 
animal  by  the  fact  that  the  acid  is  removed  by  oxidation  or  by 
the  circulating  blood.  This  conclusion  has  been  confirmed  in  a 
satisfactory  way  by  the  striking  experiments  of  Fletcher  and 
Hopkins.t  These  observers  have  shown  in  the  first  place  that 
injury  to  a  muscle  causes  a  production  of  lactic  acid,  and  that, 
therefore,  the  usual  method  of  determining  the  amount  of  this 
substance  in  supposedly  resting  muscle  has  given  fallacious 
results  owing  to  the  injury  inflicted  during  the  process  of  extrac- 
tion. By  the  adoption  of  a  new  method  they  have  avoided  this 
error,  and  they  find  that  in  resting  muscle  lactic  acid  exists  in 
traces  only  (0.03  per  cent.)  or  perhaps  is  absent  altogether. 
An  appreciable  amount  is  formed  when  the  excised  muscle  is 
well  tetanized  (0.22  per  cent.),  also  after  injury,  and  especially 
in  the  development  of  rigor.  In  heat-rigor  a  maximum  yield 
of  0.3  to  0.5  per  cent,  is  obtained  in  the  frog's  muscle.  In  a 
muscle  removed  from  the  body  and  deprived,  therefore,  of  its 
supply  of  oxygen,  lactic  acid  develops  rapidly,  reaching  finally 
an  amount  equal  to  that  observed  in  heat-rigor.  As  long  as 
such  a  surviving  muscle  shows  irritability  toward  artificial  stim- 
ulation, lactic  acid  continues  to  form.  When  irritability  is  lost, 
no  further  production  of  acid  can  be  detected  and  the  muscle 
soon  goes  into  death-rigor.  On  the  contrary,  if  the  muscle  is 
supplied  abundantly  with  oxygen,  no  accumulation  of  lactic  acid 
can  be  detected.  It  Is  evident  from  these  observations  that 
lactic  acid  is  formed  in  the  muscle  as  a  result  of  the  chemical 
changes  underlying  contraction,  and  also  of  the  changes  that 
occur  during  dying.     The  interpretation  of  this  fact  and  also 

♦  Dreser,  "Centralblatt  fur  Physiologic,"  1,  195,  1887. 

t  Fletcher  and  Hopkins,  "Journal  of  PhysioloKy,"  1907,  35,  247;  also 
1911,  12,  43,  286,  and  Embden,  et.  al.,  "Biochemische  Zeitschrift,"  1912,  45, 
45. 
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of  tho  further  fact  that  the  lactic  acid  does  not  appear  when 
OKJien  is  freely  supplied  to  the  muscle  is  surrounded  with 
cBficoltieH  owing  tci  our  lack  of  knowUnl^^e  of  the  chemical  reac- 
tiooM  thjit  take  pla<*'.  The  simplest  explanation  at  present  is 
that  the  Lactic  acid  is  an  intennediar^*^  product  formed  from 
the  mgar  by  ensyme  action,  and  that  it  sul>sequently,  in  the 
piUBIIiUi  of  oxyKcn.  undergoes  oxidation  under  the  influence 
of  oiher  eiuiyme8;  hut  another  |>os8il>[e  explanation  is  that  the 
lactic  add.  after  causing  in  aome  way  the  process  of  contraction, 
is  afcain  rrconstructed  by  synthesis  into  the  precursor  from  which 
it  waa  derived.     A  synthesis  of  this  kind  would  require  energy, 

H  hjis  l)een  suggested*  that  the  oxidation  that  cK-curv  in  the 

at  this  point  yields  the  energy'  necessar>'  for  this  work. 

Much  uncertAinty,  however,  prevails  in  regard  both  to  the  imme- 

origin  and  the  fate  of  the  lactic  acid.     Some  evidence,  as 

meomplete,  has  l>e<»n  furnished  to  show  tliat  there  is  present 
In  muscle  a  compound  containing  a  carbohydrate-phosphoric 
acid  KWtip.  t  When  the  juice  of  a  muscle  is  expressed  under  great 
preMorr  and  is  kept  at  Inxly  temperature,  \x>Xh  lactic  acid  and 
phiMphoric  acid  are  formed  in  the  mixture  and  in  approximately 
aqoilDOiM^utnr  liUkonnts.  It  is  suggeste<i,  therefore,  that  the  sugar 
m  the  nms(*lc  may  first  l>e  synthesize*!  with  phosphoric  arid  (and 
perhaps  other  constituents)  to  fonn  this  complex  compound,  for 
which  the  name  hdacidogen  has  l)een  proposed.  It  is  in  the 
Vtfvuking  down  of  this  substance  that  the  lacti(*  acid  is  pro- 
duced frrjm  th*'  carlHihydnite  group.  A  further  discussion  of 
the  chemical  relations  of  the  lactic  acid  to  sugar  will  be  found  on 

p.  9(r7. 

Chemical  Changes  During  Rigor  Mortis.— The  chemical 
Htrrg**  during  rigor  have  U^n  referred  to  above,  but  may  be 
iODUnariaed  here  in  brief  form: 

L  There  is  a  coagulation  of  the  protein  material  of  the  muscle 
plasna,  which  at  present  may  \)e  explained  by  supposing  that  the 
ooDtaiDed  myosin  and  myogen.  spontaneously,  or  under  the  action 
of  acid  products  of  metabolism,  pass  into  their  insoluble  forms, — 
aamdy,  myosin  fibrin  and  myogen  fibrin. 

2,  Then?  is  an  increased  acidity,  due  doubtless  to  a  production 
of  bctio  acid. 

3.  There  is  a  production  of  COj.  Much  importance  was 
attributed  formerly  to  this  product  on  the  Iwlief  that  it  indicated 
the  occurrence  of  a  metabolic  reaction,  a  cataboLic  or  oxidative 
dnngc  similar  to  that  taking  place  in  contraction.     Fletcher 


1914 


>  Fnn.  loe.  etf.,  mnd  Flctchpt  ami  Brown.  ''Journal  of  Physiology,"  48,  177. 


t  Embden  et  al.  "ZeitHcrift  f.  phy8iol.  Chemie,"  93,  1,  1914. 
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and  Brown  *  give  proof,  however,  so  far  at  least  as  heat  rigor  and 
chloroform  rigor  are  conceraed,  that  the  C02  formed  does  not  arise 
from  a  metabolic  breakdown  of  organic  material,  but  is  simply  an 
indirect  result  of  the  production  of  acid.  This  acid  as  it  accumu- 
lates acts  upon  the  carbonates  in  the  muscle  and  thus  leads  to  a 
liberation  of  the  COj.  From  this  standpoint  the  COi  production 
in  rigor  has  no  physiological  significance. 

4.  The  consumption  of  glycogen.  According  to  some  observers, 
glycogen  disappears  diu-ing  rigor  as  it  does  during  contraction; 
but  others  find  that  the  amount  is  not  changed  during  this  process. 

The  Relation  of  the  Chemical  Changes  during  Contraction 
to  Fatigue;  Chemical  Theory  of  Fatigue. — As  we  have  seen,  a 
muscle  kept  in  continuous  contraction  soon  shows  fatigue  ;  it 
relaxes  more  and  more  until,  in  spite  of  constant  stimulation,  it 
becomes  completely  unirritable.  We  may  define  fatigue,  there- 
fore, as  a  more  or  less  complete  loss  of  irritability  and  contractility 
brought  on  by  functional  activity.  But  even  when  the  fatigue  is 
complete  and  the  muscle  fails  to  respond  at  all  to  maximal 
stimulation,  a  very  short  interval  of  rest  is  suflficient  to  bring  about 
some  return  of  irritability.  For  a  complete  restoration  to  its 
normal  condition  a  long  interval  of  time  may  be  necessary.  If 
the  muscle  is  isolated  from  the  body  and  is  thus  deprived  of  its 
circulation  and  its  proper  supply  of  oxygen,  fatigue  appears 
more  rapidly  and  is  recovered  from  less  completely.  Ranke,t 
to  whom  we  owe  the  first  thorough  investigation  of  this  subject, 
was  led  to  believe  that  as  a  result  of  the  chemical  changes  occur- 
ring in  the  muscle  during  contraction  certain  substances  are 
formed  which  depress  or  inhibit  the  power  of  contraction.  In 
support  of  this  view  he  found  that  extracts  made  from  the 
fatigued  muscles  of  one  frog  when  injected  into  the  circulation 
of  another  fresh  frog  would  bring  on  the  appearance  of  fatigue 
in  the  latter.  Control  experiments  made  with  extracts  of 
unfatigued  muscles  gave  no  such  result.  He  designated  these 
inhibitory  products  as  fatigue  substances  and  made  experiments 
to  prove  that  they  consist  of  the  known  products  of  muscular 
metabolism,  namely,  lactic  acid  (or  the  lactates),  carbon  dioxid, 
and  possibly  also  acid  potassium  phosphate  (KH2FO4).  These 
result  have  been  confirmed  by  other  observers,  t  and  we  may  ac- 
cept, therefore,  the  view  that  the  products  of  muscular  activity, 
if  they  are  allowed  to  accumulate  in  the  muscle,  serve  to  diminish 
or  suppress  its  contractility.    We  know  that  when  muscular  ac- 

*  Fletcher  and  Brown,  "Journal  of  Physiology,"  48,  177,  1914. 
t  Ranke,  'Tetanus,"  Leipzig,  1865. 

t  Lee,  "American  Journal  of  Physiology,"  1907,  20,  170,  and  Burridge, 
"Journal  of  Physiology,"  1911,  41,  285. 
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tmty  is  prolonged,  or  is  carried  out  under  conditions  which  imply  a 
Iea=«ened  supply  of  oxygen,  an  accumulation  of  sonie  of  these 
products  does  actually  occur.  It  is  possible,  of  course,  that 
other  intermediary  substances  are  formed  which  may  have  a  siini- 
Lar  effect.  Thuj*  Weichardt*  has  .stated  that  muscular  con- 
trartion»  give  rise  to  a  definite  toxin,  derived  from  the  protein 
material  of  the  muscle,  which*  in  his  opinion,  is  the  chief  agent 
in  causing  fatigue.  He  claims  to  have  isolated  this  fatigue 
toxin  (kenotoxin)  to  the  extent  at  least  of  having  freed  it  from 
the  above-mentioned  fatigue  substances  of  Ilanke.  When 
injet*ted  into  the  circulation  of  a  fresh  animal,  it  [)rin(;s  on  fatigue 
or  even  death.  Moreover,  by  injecting  it  in  suitable  doses,  the 
body  may  form  an  antitoxin,  and  this  latter  substance,  when  given 
to  a  fresh  anijnal,  may  confer  upon  it  an  unusual  capacity  for 
performing  muscular  work.  It  is  not  advisable,  however,  to 
accept  these  statements  until  the  facts  have  been  corroborated 
by  other  observers  and  further  experiments.  At  present  we  are 
justified  only  in  laying  emphasis  upon  the  known  product  of  mu»- 
metabolism,  particularly  the  lactic  acid.  When  this  sub- 
;ce  accumulates  in  the  muscle  it  may  lie  carried  off  in  the 
blood  and  thus  influence  other  organs.  On  such  a  supposition  we 
y  explain  the  fact,  brought  out  by  ergographic  experiments,  that 
.e<i  exercise  of  one  set  of  muscles,  for  example,  those  of  the  lega 
in  walking  or  climbing,  may  diminish  the  amount  of  work  obtainable 
from  other  unused  muscles,  such  as  those  of  the  arms.  So  also  the 
effect  of  muscular  exercise  upon  the  rate  of  the  rei?piratory  move- 
Qtents  and  upon  the  heart-rate  is  explained,  as  we  shall  sec,  in  a 
smibur  way.  It  should  Ije  added  that  Lee^t  confirming  an  oliler 
observation  by  Ranke,  ha.s  published  experiments  which  indicate 
that  the  first  effect  of  the  so-<^alled  fatigue  substances  is  to  increase 
the  irritability  of  the  muscle,  while  the  later  effect  is  to  diminish  the 
irritability  or  to  suppress  it  altogether.  In  this  initial  favoring  in- 
fluence Lee  finds  an  explanation  of  the  phenomenon  of  Treppe  (see 
p.  35)-  After  the  appearance  of  complete  fatigue  a  muscle  shows 
usually  some  return  of  irritability  if  given  a  short  rest.  But  even  in 
the  caae  of  a  muscle  in  the  body,  with  its  circulation  intact,  an 
inten'al  of  some  hours  is  required  before  it  regains  entirely  its  power 
to  perform  a  normal  amount  of  work.  It  seems  probable  that  the 
kas  of  power  to  do  work  is  referable  in  part  to  a  using  up  of  the 
supply  of  energy-yielding  mat-erial,  but  the  accumulation  of  the 

•Weichardt,  "Archiv  f.  .Anal.  u.  Phvsiol.  (phvsioL  Abth.),**  1905,  219; 
aLo  "MQnchener  moiJ.  Wochenschrift  "  11X)4,  19(15,  1<M1G. 

f  For  discussion  and  exj>erim*'rit8.  wh'  Lf.v,  Harvey  Lectures,  1005-06, 
1906;  ab**)  "Journul  of  the  American  Mwlical  A8.^ociation,"  May 
W,  190^  "Ainericikn  Joumul  cif  Physiology,"  IS,  267,  1907. 
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so-caUed  fatigue-substances  is  doubtless  the  immediate  cause  of 
the  loss  of  irritability  which  we  usually  designate  as  fatigue. 

Theories  of  Muscle  Contnctioii. — ^It  is  generally  admitted   that  no 
theoxy  of  muscle  contraction  yet  proposed  is  satisfactory.    Such  a  theory 

should  explain  the  mechanism  by 
means  of  which  the  ^ortening  (ri 
the  muscle  is  produced,  the  nature 
of  the  energy  which  is  thi2s  trans- 
formed into  mechanical  work,  and 
the  relation  of  this  enervy  to  the 
chemical  reaction  that  tHKes  place 
in  the  stimulated  muBcle.  The 
measurable  nuuufestatkms  of  en- 
ergy which  are  observed  in  the 
contracting  musde  are  the  change 
in  electric  potential,  the  increased 
production  (d  heat/and  the  me- 
chanical work.  like  electrical 
change  is  a  fleeting  phenomenon 
which  passes  rradly  over  the 
muscle,  starting  from  the  p(nnt 
stimulated.  Whether  this  electrical 
change  is  amultaneous  with  the 
chemical  reaction  or  pnoedes  it 
cannot  be  stated  definitely,  al- 
though ^multaneous  records  indi- 
cate that  the  electrical  change 
b^ns  at  least  before  either  the 
mechanical  or  the  thermal  chan^ 
can  be  recorded.  The  usual  pomt 
of  view  in  phydology  has  been  thai 
the  chemical  change  caused  by  Uie 
stimulus  or  the  products  formed 
from  this  change  give  origin  to  all 
the  forms  of  energy,  dectrical, 
mechanical,  and  therroalj  which  are 
exhibited  by  the  contracting  muscle. 
The  older  view  was  to  compare  the 
muscle  to  a  heat  engine  in  which  the 
potential  chemical  energy  of  the  fuel 
18  first  converted  to  heatoy  combus- 
tion, and  then  by  appropriate  mechanisms  a  portion  of  this  heat  energy  is  utilised 
to  perform  mochanical  work.  Engelmann*  has  furnished  a  ^ecific  hypothesis 
of  this  character.  He  assumes  that  the  chemical  energy  set  tree  in  the  musde 
takes  the  form  of  heat,  which  then  act^  ujwn  the  doubly  refractive  particles 
in  the  dim  bands  of  the  muscular  fibrillaj  and  causes  them  to  imbibe  water 
from  the  adjoining  light  bands.  If  the  doubly  refractive  particles  are  supposed 
to  have  a  linear  shape,  then,  by  imbibition,  they  would  tend  to  assume  a  spheri- 
cal form,  and  thus  there  would  occur  a  shortening  along  one  diameter  and  an 
increase  along  the  diameter  at  right  angles,  such  as  occurs  in  the  contracting 
muscle.  As  the  muscle  cools  down  the  water  passes  back  into  the  light  bands 
and  the  phase  of  relaxation  takes  place.  He  has  supported  this  hypothesis 
by  microscopical  observations  upon  the  relations  of  the  dim  and  light  bands 
in  the  contracted  and  relaxed  fibrils  (p.  20),  and,  moreover,  has  constructed 
an  artificial  muscle  from  a  string  of  catgut  which,  working  on  this  principle, 
contracts  when  heated  and  relaxes  when  cooled.  When  the  heating  occurs 
suddenly  this  model  gives  curves  of  contraction  identical  with  those  wtained 

*  Engelmann,  *'Ueber  den  Ursprung  der  Muskelkraft,"  Leipsig,  1893; 
also  Pfliiger's  "Archiv,"  1873,  7,  155. 
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I<lS.  27. — EQgdm&nn'a  artificial  muscle. 
The  artificial  muscle  is  reprwKDted  by  the 
oateut  Btrizig,  m.  This  is  surrounded  by  a 
coil  of  platinum  vire,  w,  through  which  an 
electrical  current  may  be  sent.  The  catgut 
IB  attached  to  a  lever,  h,  whose  fulcrum  is  at 
c.  The  catffut  is  immersed  in  a  beaker  of 
water  at  SO*  to  55'*  C,  and  "stimulated" 
by  the  sudden  increase  in  temperature  caused 
by  the  passage  of  a  current  through  the  coil. 
— (After  ETioelmann,) 


FW-  »t— Oirve  of  dmple  contnwtion  obtained  froni  an  artifioial  miwlr.     The  ilum- 
I  tf  Ow  ttimulus  (hMtlnc  effcwt  caiMftl  by  the  current)  is  cbown  by  the  break  in  lb« 
"  I  Uw  nirve. 


Wr  may  aflsume,  in  accordiuicc  with  i*xperunental  reAulUt,  that  the  efficiency 
of  Buiele  ia  equal  to  25  {ter  cvnt.  of  tho  totut  ent'rK.v,  <>r  that  Q*  *  IQi  an<i  that 
T,  m  the  temporaturc  of  tht  Ixjtly.  li7°C\.  or  expn'-sHtHl  in  the  abw^luto  scale, 
JT*  +  373*  —  310°  C.  T»  i«  thi-  wuno  wn  T,.  If.  now.  in  the  (y]uation  we  sub- 
fllilliM  IQ  for  U.  aiul  310*  C.  for  T,  an<l  solve  the  equation  for  T,  it  givea  a 
nloe  Jt  387*  C.,  or,  expressed  in  centigrade  unitH,  387^—273'*  =  114*  C. 
UmI  m  to  ny,  to  perform  the  work  inaioat^t  the  muHcle  mu8t  show  a  fall 
fe  tamMTature  frxitn  114*  to  37*  C,  and  it  eoemfl  clearly  im|)osrtible  to  8Ut>- 
pwtSl  the  muscle  in  contraclins  atLainn  any  Huch  tcni|M'ruture  as  114**  C 
Ttm  rriticaiBO  ha*  b<e«n  aoceptni  by  moist  tiut^iorn  lut  denionNtratinK  that  the 
*  ouuiot  work  AS  a  beat  enfinp  by  tranKfomtine  a  part  nf  the  heat  of  the 
ll  raietion  to  work.  A  differenct*  in  iwuperature  ta  neee^«il^y  that  i* 
■■ibte  in  th«i  caae  of  muflcle.  ( >ther  theories  have  been  propoMtf.  accord- 
»  which  the  chemical  enerK>*  i-**  supposed  to  be  converted  into  work  either 
-k)  or  through  a  change  in  surfuce  tension.  Tlie  muscle  i»  suppotieil 
-n'h  thwiries  aA  a  chemical  or  chemwlynamic  eiifcine.     The  various 

^^_t  which  the  Iheoriwt  employing  the  w>nception  of  surface  tension  have 

ttkao  Okake  it  difficult  to  describe  them  in  general  tennH.     According  to  one 
pUMOtalinn  (Vlacallumt)  theaaroouselementttidiin  bandsj  may  beoonsidcred 


•  rick-Pflager'«  *'Archiv."  1893*53.  606. 
tMacttUum,   '^Surface   Tenfiion   and   Vital    Phenomena," 
Tmolo  Stodies.  Phyaiulufcical  iSeries,  No.  8,  1012. 
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as  having  interfaces  with  the  sarcoplasm  along  the  lateral  planes  and  with  the 
isotropic  substance  (light  bands)  at  their  ends,  at  which  surface  tension  exists. 
If  the  results  of  the  chemical  changes  within  the  elements  are  such  as  to  cause 
a  diminution  in  surface  tension  along  the  lateral  walls,  or  an  increase  in  this 
energy  at  the  end  surfaces,  the  elements  would  tend  to  change  from  a  cylinder 
with  straight  to  one  with  curved  lateral  walls,  and  this  ch^ige,  when  multi- 
phed  by  the  total  number  of  sarcous  elements  in  the  muscle,  would  account 
for  the  shortening.  The  theory  is  deficient  in  not  explaining  how  the  surface 
energy  is  changed,  and  also  in  failing  to  give  an  approximate  Quantitative 
determination  of  the  total  amoimt  of  mechanical  energy  that  might  be  obtained 
in  this  way  from  the  muscle.  According  to  calculations  made  oy  Bernstein,* 
the  work  energy  exhibited  by  a  contracting  muscle  is  greater  than  can  be 
accoimted  for  by  probable  changes  in  surface  tension. 

Another  theory  has  been  adopted  in  recent  years  b>r  an  increasing  number 
of  workers,  and  has  been  supported  by  many  suggestive  experiments.  This 
theory  holds  that  the  shortening  of  muscle  in  contraction  is  essentially  a 
phenomenon  of  imbibition.  The  instrument  by  which  the  shortening  is 
effected  is  the  fibril,  which  is  regarded  as  a  coherent  gel  structure  embedded  in 
a  more  Uquid  material,  the  sarcoplasm.  When  the  muscle  is  stimulated,  lactic 
acid  is  formed  in  the  fibril  or  in  the  sarcoplasm  aroimd  it,  and  the  effect  of  this 
acid  is  to  increase  the  power  of  imbibition  of  the  fibril  or  of  certain  structures  in 
it,  for  example,  the  anisotropous  discs.  The  swelling  thus  produced  causes  the 
shortening  of  the  muscle,  and  the  subsequent  relaxation  is  explained  as  due  to 
the  removal  of  the  acid  by  diffusion  or  by  oxidation.  The  heat  developed  in 
the  muscle  after  the  phase  of  shortening  is  past  has  been  connected  with  this 
latter  process,  namely,  the  oxidative  destruction  of  the  lactic  acid,  aithoush 
some  authors  contend  that  the  lactic  acid  is  not  removed  by  oxidation  to  CXX 
and  H|0,  but  is  resynthesized  to  the  sugar  or  the  sugar-complex  from  which  it 
was  derived.  The  theory  has  many  variations  as  regards  details,  but  the 
central  point  is  that  the  lactic  acid  is  the  agent  which  causes  the  contraction 
b^  its  action  on  the  imbibition-properties  of  the  fibril.  The  shortening  in 
ngor  mortis  is  explicable  in  the  same  way  as  an  acid  effect.^ 

*  Bemstein-Pfliiger's  "Archiv,"  85,  271, 1901.  See  also  Berg,  "Biochem- 
ical Bulletin,"  2,  101,  1912. 

t  For  various  expressions  of  this  theory,  consult  McDougall,  "Journal  of 
Anatomy  and  Physiology,"  31,  410,  1897,  and  32,  187,  1898.  Meigs,  "Amer- 
ican Journal  of  Physiology,"  26,  191,  1910,  and  22,  477,  1908.  Fletcher  and 
Brown.  "Journal  of  Physiology,"  48,  177,  1914.  Hill,  ibid,,  46,  28,  1913. 
Pauli,  "Kolloid-chemie  der  Muskelkontraktion,"  1912. 
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GHAPTER  III. 

THE  PHENOMENON  OF  CONDUCTION— PROPERTIES 
OF  THE  NERVE  FIBER, 

Conduction. — Wheu  living  matter  is  excited  or  stimulated  in 
any  way  the  excitation  is  not  localized  to  the  ix>int  acted  upon, 
but  is  or  may  be  propagated  throughout  its  substance.  This  prop- 
erty of  conducting  a  change  that  haa  been  initiated  by  a  stimulus 
applied  locally  is  a  general  property  of  protoplasm,  and  is  exhib- 
ited in  a  striking  way  by  many  of  the  simplest  forms  of  life.  A 
light  touch,  for  instance,  applied  to  a  vorticeUa  will  cause  a  retrac- 
tion of  its  vibrating  cilia  and  a  shortening  of  its  stalk.  In  the  most 
specialized  animals,  such  as  the  mammalia,  this  property  of  con- 
duction finds  its  greatest  development  in  the  nervous  tissue,  and 
indeed,  especially  in  the  axis  cylinder  processes  of  the  nerve  cells, 
the  90-ralled  nerve  fibers.  But  the  property  is  exhibited  also  to 
a  a^reater  or  less  extent  by  other  tissues.  When  a  muscular  mass 
is  stimulated  at  one  point  the  excitation  set  up  may  be  propagated 
not  only  through  the  substance  of  the  cells  or  filers  directly  viffected, 
but  from  cell  to  cell  for  a  considerable  distance.  In  the  heart 
tissue  and  in  plain  muscle  it  has  l>een  shown  that  a  change  of 
this  sort  may  be  conducted  independently  of  the  phenomenon 
of  visible  contraction.  A  stimulus  applietl  to  the  venous  end 
of  a  frog's  heart,  for  instance,  may,  under  certain  conditions^ 
be  conducted  through  the  auricular  tissue  without  causing  in  it  a 
visible  change,  and  yet  arouse  a  contraction  in  the  ventricular 
muscle  (Engelmann).  Similarly,  it  can  be  shown  that  ciliary 
cells  can  convey  a  stimulus  from  cell  to  cell.  A  stimulus  applied 
to  one  point  of  a  field  of  ciliary  epithelium  may  set  up  a  change 
that  is  conveyed  as  a  ciliary  impulse  to  distant  cells.  The 
aniversality  of  this  property  of  conduction  in  the  simpler,  less 
differentiated  forms  of  life,  and  its  presence  in  some  degree  in 
many  of  the  tissues  of  the  higher  forms  would  justify  the  a^ 
sumption  that  the  underlying  change  is  CHsentially  the  same  in 
aQ  eases.  But  in  nerve  fibers  this  property  has  become  special- 
ised to  the*highest  degree,  and  in  this  tissue  it  may  be  studied, 
therefore,  with  the  greatest  success  and  profit. 

Structure  of  the  Nerve  Fiber. — The  peripheral  nerve  fiber, 
as  we  find  it  in  the  nerve  trunks  and  nerve  plexuses  of  the  body, 
may  be  cither  meduUated  or  non-medullated.  Ail  the  nerve  fibers 
that  arise  histological  1}'  from  the  ner\^e-cells  of  the  central  nervous 
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system  proper — the  brain  aad  cord  and  the  outlying  sensory 
ganglia  of  the  cranial  nerves  and  the  posterior  spinal  roots — are 
medullated.  These  fibers  contain  a  central  core,  the  axis  cylinder, 
which  is  usually  regarded  as  an  enormously  elongated  process  of 
the  nerve  cell  vnth  which  it  is  connected.  The  axis  cylinder  shows 
a  differentiation  into  fibrils  (neurofibrils)  and  interfibrillar  sub- 
stance (neuroplasm).  All  of  our  evidence  goes  to  show  that  the 
axis  c>*linder  is  the  essential  part  of  the  nerve  fiber  so  far  as  its 
property  of  conduction  is  concerned.  It  is  further  assumed  that 
the  neurofibrils  in  the  axis  cylinder  form  the  conducting  mech- 
anism rather  than  the  interfibrillar  substance.  Surroimding  the 
axis  cylinder  we  have  the  medullary  or  myelin  sheath,  varying 
much  in  thickness  in  different  fibers.  This  sheath  is  composed  of 
peculiar  material  and  is  interrupted  or  divided  into  segments  at  cer- 
tain intervals,  the  so-called  nodes  of  Ranvier.  Outside  the  myelin 
there  is  a  delicate  elastic  sheath  comparable  to  the  sarcolemma  of 
the  muscle  fiber  and  designated  as  the  neurilemma.  Lying  under 
the  neurilemma  are  found  nuclei,  one  for  each  intemodal  segment 
of  the  myelin,  surrounded  by  a  small  amount  of  granular  proto- 
plasm. The  non-medullated  fibers  have  no  myelin  sheath.  They 
are  to  be  considered  as  an  axis  cylinder  process  from  a  nerve  cell, 
surrounded  by  or  inclosed  in  a  neurilemmal  sheath.  .  These  fibers 
arise  histologically  from  the  nerve  cells  found  in  the  outlying 
ganglia  of  the  body,  the  ganglia  of  the  sj^mpathetic  system  and 
its  appendages. 

The  Function  of  the  Myelin  Sheath. — The  myelin  sheath  of 
the  cerebrospinal  nerve  fibers  is  a  structure  that  is  interesting  and 
peculiar,  both  as  regards  its  origin  and  its  composition.  Much 
speculation  has  been  indulged  in  with  regard  to  its  function,  but 
practically  nothing  that  is  certain  can  be  said  upon  this  point.  It 
has  been  supposed  by  some  to  act  as  a  sort  of  insulator,  preventing 
contact  between  neighboring  axis  cylinders  and  thus  insuring 
better  conduction.  But  egainst  this  view  it  may  be  urged  that 
we  have  no  proof  that  the  non-medullated  fibers  do  not  conduct 
equally  as  well.  The  view  has  some  probability  to  it,  however, 
for  we  must  remember  that  the  non-medullated  fibers  do  not  run 
in  large  nerve  trunks  that  supply  a  number  of  different  organs, 
and  therefore  in  them  a  provision  for  isolated  conduction  is  not  so 
necessary.  Moreover,  in  the  medullated  fibers  the  myelin  sheath 
is  lost  toward  its  peripheral  end  after  the  nerve  has*  entered  the 
tissue  to  which  it  is  to  be  distributed,  indicating  that  its  function 
is  then  no  longer  necessary.  According  to  the  older  conceptions 
of  the  process  of  conduction  in  nerve  fibers,  not  only  anatomical 
but  also  physiological  continuity  is  necessary.  Mere  contact  of 
living  axis  cylinders  would  not  enable  the  nerve  impulse  to  pass 
from  one  to  the  other.    The  newer  views,  included  in  the  so-called 
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1  theor>',  aasume  that  mere  contact  of  living,  entirely  normal 
» substance  <ioes  j)enuit  an  pxcitatorj-  rhange  to  pass  from  one 
to  the  other,  so  that  it  is  not  im|x>s8il>le  that  the  myelin  sheath 
may  nerve  to  prevent  one  axis  cylinder  from  influencing  the  neigh- 
boring axis  cylinders  in  a  nerve  trunk. 

Ab  9aB»e  evidence  for  thia  Aiew,  attention  has  been  called  to  the  fact  that 
ID  Utf  oooditJOQ  known  as  multiple  or  inMuLir  solerosia  of  the  brain  and  cord 
th»  mxm  eylindcm  of  the  areafl  lifTeototJ  remuin  intact,  while  the  myelin  sheaths 
UT  d—tfCiywi.  The  diaturbancen  of  coonlination  accompanying  thia  condi- 
\km  may  b«  an  pxprtmon,  therefore,  of  a  loss  of  isolated  conduction. 

OthPTB  have  supposed  that  the  myelin  sheath  serves  as  a  source 
o(  notrition  to  the  inclosed  axis  cylinder,  or  as  a  regulator  in  some 
waj  of  lis  metabolism.  No  fact  is  n*ported  that  woulti  make  this 
■mgeition  seem  probable,  except,  perhaps,  the  statenieat  that 
cttmulation  of  a  ner\'e,  even  for  a  brief  period,  causes  a  change 
in  the  appearance  of  the  neurokeratin  framework  found  in  the 
rnffUn  ftheath.  The  change  consists  m  a  widening  of  the  meshes 
(Stftbci*).  In  general,  it  is  fountl  that  the  myelin  sheath  is  larger 
in  thoae  fiber*  that  have  the  longest  course;  the  size  of  the  sheath, 
in  farl,  increases  with  that  of  the  axis  cylinder.  It  is  known 
abo  that  the  metluUatetl  fibers  in  general  are  more  irritable  to 
artificial  stimuli  than  the  non-incHlullated  ones,  and  th;it  when 
tndurtioQ  shocks  are  employed,  the  non-meduUated  fibers  lose 
their  irritability  more  rapidly  at  the  point  stimulated.  None 
of  these  facts  are  sufficient,  however,  to  indicatt*  the  probable 
fonetioQ  of  the  myelin.  The  embr\'ological  development  of  the 
■heath  also  fails  to  throw  light  on  its  physiological  t^iguificance. 
For,  while  it  is  usually  supposed  that  the  axis  cylinder  itself  is 
ttBfily  an  outgrov^'th  from  the  nerve  cell,  and  the  myehn  sheath 
arina  from  separate  mesoblastic  cells  which  surround  the  axis 
fljrfinder,  this  view,  so  far  as  the  myelin  is  concerned,  is  not  beyond 
i|wtiuu,  and  the  study  of  the  prot^ess  of  regeneration  of  nerve 
therm  indicates  that  the  actual  proiluction  of  myelin  is  controlled 
in  aome  way  by  the  functional  axis  cylinder.  The  axis  cylinder 
OQtgro^'ths  from  the  sympathetic  nerve  cells  found  in  the  ganglia 
of  the  »>Tnpathetic  chain  and  in  the  peripheral  ganglia  generally 
of  the  body  are  usually  non-meduUat^d,  although  apparently 
tUe  b  not  an  invariable  rule.  In  the  birds  all  such  fibers,  on  the 
oaatrar>%  are  medullated  (Langleyf).  Nothing  is  known  as  to 
the  oonditionj?  that  determine  whether  a  nerve-fiber  proce^  shall 
or  ihall  not  l>e  surrounded  by  a  myelin  sheath. 

Chemistry  of  the  Nerve  Fiber. ~<)ur  knowledge  of  the  chem- 
hHUy  of  the  nerve  fibers  is  very  incomplete.  The  myelin  sheath 
ii  oompoeed  Urgely  of  bodies  to  which  the  general  name  of  *'  lip- 
oUa  '*  has  been  applied.     This  term  is  used  as  a  generic  name  for 

I  *9t&bel.  "Pfhigpr'fl  .\rchiv,"  1912.  U9,  1. 

■  t  lAQsley.  *'Jounuil  of  Physiology,"  30,  221,  1003;  20,  M.  1S90. 
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those  constituents  of  living  cells  which  can  be  extracted  by  ether 
or  similar  solvents.  It  is  a  biological  rather  than  a  chemical 
term.  By  extraction  of  myelin  with  hot  alcohol  a  complex  phos- 
phorus-containing substance  known  as  protagon  may  be  obtained 
in  crystalline  form.  This  substance  is,  however,  believed  now  to 
be  a  mixture  rather  than  a  definite  chemical  individual.  The 
most  important  substances  isolated  from  the  myelin  are  lecithin 
(phosphatids),  cholesterin,  and  the  cerebrosides. 

Lecithin  (C^HboNPO^)  is  a  waxy  hygroscopic  yellowish  sub- 
stance contfuning  about  4  per  cent,  of  phosphorus.  When  de- 
composed by  the  action  of  alkalies  it  yields  as  split  products 
glycerophosphoric  acid,  a  nitrogenous  base,  cholin  (C5H15NO3), 
and  some  of  the  higher  fatty  acids,  such  as  oleic,  palmitic,  or 
stearic.  It  is  probable  that  there  are  a  number  of  different 
lecithins  varying  somewhat  in  their  composition,  for  instance, 
in  the  character  of  the  fatty  acid  contained  in  the  molecule. 
The  lecithins  constitute  one  member  of  a  larger  group  known  as 
phosphatids,  which  are  characterized  by  the  presence  of  both 
phosphorus  and  nitrogen.  They  are  widely  distributed  in  the 
tissues  and  liquids  of  the  body,  but  are  especially  characteristic 
of  the  white  matter  of  the  nervous  system.  They  combine  easily 
with  other  substances,  such  as  proteins,  glucosides,  etc.,  and  it  is 
probable  that  lecithin  exists  in  some  such  combination  in  the 
myelin.  The  decomposition  of  the  lecithin  referred  to  above 
occurs  in  the  body  when  nerves  undergo  degeneration.  The 
presence  of  the  fatty  acid  liberated  under  such  circumstances  is 
demonstrated  by  the  well-known  reaction  with  osmic  acid  used  to 
detect  degenerated  nerve  fibers,  while  the  existence  of  cholin  has 
been  shown  by  Halliburton*  in  the  liquids  of  the  body,  not  only 
after  nerve-degeneration  produced  by  experimental  lesions,  but 
in  the  case  of  degenerative  diseases  of  the  nervous  system. 

Cholesterin  or  cholesterol  (C27H4aO)  is  a  white  crystalline  sub- 
stance containing,  as  its  formula  shows,  neither  nitrogen  nor  phos- 
phorus. It  is  widely  distributed  among  the  tissues  of  the  body, 
and  in  an  isomeric  form,  phytocholesterin,  occurs  also  in  plants. 
In  the  animal  body  it  is  especially  abundant  in  the  white  matter 
of  the  nerves.  The  chemical  nature  of  cholesterin  has  long  been  a 
matter  of  uncertainty,  but  recent  work  indicates  that  it  belongs 
to  the  group  of  "terpenes"  heretofore  supposed  to  be  confined 
to  the  plant  kingdom.     It  is  given  the  formula — 

(CH3),  -  CH  -  CH,  -  CH,  -  C„H„  -  CH  «  CH, 

CHOH 

•Halliburton,  "British  Medical  Journal,"  1907,  May  4  and  11.  Atoo 
"Folia  Neuro-Biologica,"  1907,  i.,  38,  and  "Biochemistry  of  Muscle  and 
Nerve,"  Philadelphia,  1904. 


TUB    PHENOMENON    OF   CONDUCTION. 


79 


The  f*cl  that  lecithin  and  cholesterin  usually  occur  together 
hat  rnggnted  that  they  have  some  physiological  connection,  It 
btma  aupposed,  for  example,  that  they  act  as  a  check  upon  each 
Lecithin  under  certain  conditions  favors  hemolysis  of  red 
eles,  or  the  action  of  lipase  on  fat,  while  cholestcrin  inhibits 
both  of  these  activnties.  No  application  of  this  antafi^onistic  rela- 
tiooallip  is  poeaihle  at  presc^nt  in  the  case  of  the  myelin  slieath. 

Ctrtbrondes  or  Cerebrogalaciosides. — This  name  is  given  to  a 
group  oi  bodice-  containing  nitrogen,  but  no  phosphorus.  In  the 
Bqrclin  they  are  found  in  connection  with  and  possibly  in  com- 
i  with  the  lecithin.  They  belong  to  the  group  of  ghu^osideSj 
\Bf  on  hydroI>'tic  decomposition  they  give  rise  to  a  curbo- 
•  l^up.  in  this  case  galactose.  Fatty  acids  and  a  nitrogenous 
base  alio  result  from  this  decomposition.  The  cerebroside  material 
from  the  white  matter  has  been  named  specifically 
or  phrenosin,  but  little  is  known  of  its  exact  structure. 
Union  of  Nerve  Fibers  into  Nerves  or  Nerve  Trunks. — The 
ikbiicig  «tf  nerve  fibers  into  larger  or  .smaller  nerve  trunks  re- 
ibkB  histologically  the  combination  of  muscle  fibers  to  farm  a 
Physiologically,  however,  there  is  no  similarity.  The 
Tftrioits  fibers  in  a  uiuscle  act  together  in  a  co-ordinated  way  as  a 
physiological  unit.  On  the  other  !and,  the  hundreds  nr  thou- 
nds  of  nerve  fil)ers  found  in  a  nerve  may  form  groups  which  are 
irdy  independent  in  their  physiological  activity.  In  the 
^Tagus  ne^^'e,  for  instance,  we  have  nerve  fibers  running  side  by 
nde,  aonie  of  which  supi)ly  the  liejirt^  some  the  nmscles  of  the 
larynx,  some  the  muscles  of  the  stomach  or  intestines^  some  the 
g-fyifU  of  the  stonjach  or  panoreas.  and  so  on.  Nerves  are, 
ibtrefore,  anatonucal  units  simply,  containing  groups  of  fibers 
vhirh  have  very  different  activities  and  which  may  function 
entirely  independently  of  one  another.  As  a  nerve-trunk  is  con- 
stituted it  consists  chiefly  of  the  connective  tissue  binding  the 
together.    It  is  estimated  (Ellison)  that  in  the  median  nerve 

!  connective  tissue  forms  63  per  cent,  of  the  whole  trunk,  while 

iHjrdin  sheaths  make  up  28  per  cent.,  and  the  axis  cylinders  only 
9  per  cent. 

Aifereat  and  Efferent  Nerve  Fibers. — The  older  physiologists 
tluil  one  and  the  same  ner\'e  or  nerxe  fiber  might  conduct 
impulses  toward  the  central  ner^-ous  system  or  motor  im- 
pdns  from  the  central  ner%'ous  system  to  the  peripher>\  Bell  and 
HsgfTidii*  succeeded  in  establishing  the  great  truth  that  a  nerve 
fiber  cannot  be  both  motor  and  sensory.  Since  their  time  it  has 
been  recognized  that  we  must  divide  the  nerve  fibers  connected 
Wth  the  central  nervous  system  into  two  great  groups:  the  efferent 
B^  which  carr>'  impulses  outwardly  from  the  nervous  s>'stem 
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to  the  peripheral  tissues,  and  the  afferent  fibers,  which  carry  their 
impulses  inwardly, — that  is,  from  the  peripheral  tissues  to  the 
nerve  centers.  Under  normal  conditions  the  afferent  fibers  are 
stimulated  only  at  their  endings  in  the  peripheral  tissues,  in  the 
skin,  the  mucous  membranes,  the  sense  organs,  etc.,  while  the 
efferent  fibers  are  stimulated  only  at  their  central  origin, — that 
is,  through  the  nerve  cells  from  which  they  spring.  The  difference 
in  the  direction  of  conduction  depends,  therefore,  on  the  anatomical 
fact  that  the  efferent  fibers  have  a  stimulating  mechanism  at  their 
central  ends  only,  while  the  afferent  fibers  are  adapted  only  for 
stimulation  at  their  peripheral  ends. 

Classification  of  Nerve  Fibers. — In  addition  to  this  fundi^ 
mental  separation  we  may  subdivide  peripheral  nerve  fibers  into 
smaller  groups,  making  use  of  either  anatomical  or  physiological 
differences  upon  which  to  base  a  classification.  For  the  purpose 
here  in  view  a  classification  that  is  physiological  as  far  as  possible 
seems  preferable.  In  the  first  place,  experimental  physiology  has 
shown  that  the  effect  of  the  impulse  conveyed  by  nerve  fibers  may 
be  either  exciting  or  inhibiting.  That  is,  the  tissue  or  the  cell 
to  which  the  impulse  is  carried  may  be  thereby  stimulated  to  ac- 
tivity, in  which  case  the  effect  is  excitatory,  or,  on  the  contrary, 
it  may,  if  already  in  activity,  be  reduced  to  a  condition  of  rest  or 
lessened  activity;  the  effect  in  this  case  is  inhibitory.  Many 
physiologists  believe  that  one  and  the  same  nerve  fiber  may  cany 
excitatory  or  inhibitory  impulses,  but  in  some  cases  at  least  we 
have  positive  proof  that  these  functions  are  discharged  by  separate 
fibers.  We  may  subdivide  both  the  afferent  and  the  efferent  sys- 
tems into  excitatory  and  inhibitory  fibers.  E^ch  of  these  sub- 
groups again  falls  into  smaller  divisions  according  to  the  kind  of 
activity  it  excites  or  inhibits.  In  the  efferent  system,  for  instance, 
the  excitatory  fibers  may  cause  contraction  or  motion  if  they  ter- 
minate in  muscular  tissue,  or  secretion  if  they  terminate  in  glandu- 
lar tissue.  For  convenience  of  description  each  of  the  groups  in 
turn  may  be  further  classified  according  to  the  kind  of  muscle  in 
which  it  ends  or  the  kind  of  glandular  tissue.  In  the  motor  group 
we  speak  of  vasomotor  fibers  in  reference  to  those  that  end  in  the 
plain  muscle  of  the  walls  of  the  blood-vessels;  visceromotor  fibers, 
those  ending  in  the  muscular  tissue  of  the  abdominal  and  thoracic 
viscera;  pilomotor  fibers,  those  ending  in  the  muscles  attached  to 
the  hair  follicles.  The  classification  that  is  suggested  in  tabular 
form  below  depends,  therefore,  on  three  principles:  first,  the  direc- 
tion in  which  the  impulse  travels  normally;  second,  whether  this 
impulse  excites  or  inhibits;  third,  the  kind  of  action  excited  or 
inhibited,  which  in  turn  depends  upon  the  kind  of  tissue  in  which 
the  fibers  end. 
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■  That  the  final  action  of  a  peripheral  nen'e  fiber  is  determined 

■  by  the  tissue  in  which  it  end.s  rather  than  by  the  nature  of  the 
nerve  fiber  itself  or  the  nature  of  the  impulse  that  it  carries  is  indi- 
flftled  Blrongly  by  the  regeneration  experiments  made  by  Langley.* 
For  iBfltance,  the  chorda  tympani  non'c  contains  fil>ers  whirh  cause 
a  dfllttation  in  the  blood-vesseU  of  the  submaxillary  glan<l^  while 
the  eervical  aj'mpathetic  contains  filx^rs  which  cause  a  constriction 
of  the  Vttsels  in  the  same  gland.     If  the  lingual  nerve  (c(jiitaintng 

I  Uw chorda  tympani  fiLiera)  is  divided  and  tlie  central  end  is  sutured 
to  the  peripheral  end  of  the  severed  cervical  is>'mpathetic,  the 
chord*  fibers  will  grow  along  the  pathn  of  the  old  constrictor  fibers 
of  the  ^'mpathetic.  If  time  Ls  given  for  regeneration  to  take  place, 
•umulAikm  of  the  chorda  now  cauM>.s  a  constriction  in  the  vessels. 
Ibe  experiment  can  abo  be  reversed.  That  ia,  by  suturiiip 
the  ecsitxal  end  of  the  cervical  sympathetic  to  the  peripheral  end 
of  the  divided  lingual  the  fibers  of  the  former  grow  along  the  paths 
of  the  oW  dilator  fil>ers,  and  after  regeneration  ha,s  taken  place 
klimalaiion  of  the  symimthetic  cau.ses  dilatation  of  the  blood* 
iwila  in  the  gbnd.    The^te  results  are  particularly  instructive,  as 

tVMOCoo&triction  is  an  example  of  the  excitator>'  effe<.'t  of  the  nerve 
impubc,  being  the  residt  of  a  contraction  of  the  circular  muscles 
ia  the  ^'eseelsr  while  va.sodibtation  Ls  an  example  of  inhibitor^*^ 
aeticm,  being  due  to  an  inhibilion  of  the  contraction  of  the  same 
mujiclefr.  Yet  obviously  these  two  opposite  effects  are  determined 
aoi  b>'  the  nalune  of  the  nerve  fibers,  but  by  their  place  or  mode 
of  ending  iu  the  gland. 

Separation  of  the  Afferent  and  Efferent  Fibers  in  the  Roots 
Pt  the  Spinal  Nerves. — According  to  the  Ik'll-Mngcndio  discover}', 

•  Uagl^.  ''Journal  of  PhyAiotoe:y."  23.  240,  1808;  iUd,,  30,  439,  1004; 
**PraeevdiDg>  Rojal  Society."  73.  1004. 
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the  motor  fibers  to  the  voluntary  muscles  emerge  from  the  spinal 
cord  in  the  anterior  roots,  while  the  fibers  that  give  rise  to  sensa^ 
tions  enter  the  cord  through  the  posterior  roots.  These  facts  have 
been  demonstrated  beyond  all  doubt.  Magendie  discovered  an 
apparent  exception  in  the  phenomenon  of  recurrent  sensibility. 
When  the  anterior  root  is  severed  and  its  peripheral  end  is  stimu- 
lated only  motor  effects  should  be  obtained.  Magendie  observed, 
however,  upon  dogs  that  in  certain  cases  the  animals  showed  signs 
of  pain.  This  apparent  exception  to  the  general  rule  was  after- 
ward explained  satisfactorily.  It  was  sho^v^l  that  the  fibers  in 
question  do  not  really  belong  to  the  anterior  root, — that  is,  they  do 
not  emerge  from  the  cord  with  the  root  fibers;  they  are,  in  fact, 
sensory  fibers  for  the  meningeal  membranes  of  the  cord  which 
are  on  their  way  to  the  posterior  roots  and  which  enter  the  cord 
with  the  fibers  of  the  latter.  Since  the  work  of  Bell  and  Magendie 
it  has  been  a  question  whether  their  law  applies  to  all  afferent  and 
efferent  fibers  and  not  simply  to  the  motor  and  sensory  fibers  proper. 
The  experimental  evidence  upon  this  point,  as  far  as  the  mammals 
are  concerned,  has  accumulated  slowly.  Various  authors  have  shown 
that  stimulation  of  the  anterior  roots  of  certain  spinal  nerves  may 
cause  a  constriction  of  the  blood-vessels,  an  erection  of  the  hwra 
(stimulation  of  the  pilomotor  fibers),  a  secretion  of  sweat,  and  so 
on,  while  stimulation  of  the  posterior  roots  in  the  same  regions  is 
without  effect  upon  these  peripheral  tissues.  One  apparent  excep- 
tion, however,  has  been  noted.  A  number  of  observers  have  found 
that  stimulation  of  the  peripheral  end  of  the  divided  posterioi 
roots  (fifth  lumbar  to  first  sacral)  causes  a  vascular  dilatation  in 
the  hind  limb.  The  matter  has  been  particularly  investigated  by 
Bayliss,*  who  gives  undoubted  proof  of  the  general  fact.  At  the 
same  time  he  shows  that  the  fibers  in  question  are  not  efferent 
fibers  from  the  cord  passing  out  by  the  posterior  instead  of  the  an- 
terior roots.  This  is  shown  by  the  fact  that  they  do  not  degenerate 
when  the  root  is  cut  between  the  ganglion  and  the  cord,  as  they 
should  do  if  they  originated  from  cells  in  the  cord.  Bayliss's  own 
explanation  of  this  curious  fact  is  that  the  fibers  in  question  are 
ordinary  afferent  fibers,  but  that  they  are  capable  of  a  double  ac- 
tion: they  can  convey  sensory  impulses  from  the  blood-vessels  to 
the  cord  according  to  the  usual  type  of  sensory  fibers,  but  they 
can  also  convey  efferent  impulses,  antidromic  impulses  as  he  desig- 
nates them,  to  the  muscles  of  the  blood-vessels.  In  other  words, 
for  this  special  set  of  fibers  he  attempts  to  re-establish  the  view 
held  by  physiologists  before  the  time  of  Bell, — namely,  that  one 
and  the  same  fiber  transmits  normally  both  afferent  and  efferent 
impulses.  An  exception  so  peculiar  as  this  to  an  otherwise  general 
rule  cannot  be  accepted  without  hesitation.  Some  facts  are  given 
•  BayUss,  "Journal  of  Physiology/'  26,  173,  1901,  and  28,  276,  1902. 
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oa  p.  152  that  suggc&t  an  explanation  less  opposed  to  current 
views  than  that  offerp<1  by  Bayliss. 

Cells  of  Origin  of  the  Anterior  and  Posterior  Root  Fibers.^ 
Tbe  efferent  fibers  of  the  anterior  root  arise  as  axons  or  axis  cylinder 
pnwwuww  from  nen'e  cells  in  the  f^ay  matter  of  the  cord  at  or  near 
the  exit  of  the  root.  The  motor  fibers  to  the  voluntar>'  muaclca 
tfiae  from  the  large  cells  of  the  anterior  horn  of  g:ray  matter;  the 
ibers  to  the  plain  muscle  and  glands,  autonomic  fibers  acrnnling 
to  I.AniK:ley's  nomenclature,  take  their  origin  from  spindle-shapefl 
■erve  cells  lying  in  the  so-calle<.l  lateral  horn  of  the  gray  matter .♦ 
^eeonling  to  the  accepted  beUef  regarding  the  nutrition  of  ner^'o 
any  section  or  lesion  invoKing  these  portions  of  the  gray  mat- 

at  tb<»  anterior  root  will  be  follo\ve<l  by  a  complete  degeneration 
ef  the  efferent  fibers.  In  the  case  of  the  fibers  to  the  voluntary 
Bwaeieii  this  degeneration  ^vill  extend  to  the  muscles  and  include 
the  end-plates.  In  the  case  of  the  autonomic  fibers  the  degenera- 
tion mil  ext^^nd  to  the  peripheral  ganglia  in  which  they  tei-minate, 
ln\"oKnng,  therefore,  the  whole  extent  of  what  is  called  the  pre- 
l^nglinnic  fiber  (see  the  chapter  on  the  autonomic  ner\^es  and  the 
fl^npalhetic  system).  The  posterior  root  fibers  have  their  ongiu 
in  the  ner\'c  cells  contained  in  the  posterior  root  ganglia.  These 
eelb  are  unipolar,  the  single  process  given  off  being  an  axis  cylinder 
proeeas  or  axon.  It  di\ides  into  two  branches,  one  passing  into 
the  eofd  by  way  of  the  posterior  root,  the  other  towarrl  the  periph- 
cfml  tisBuefl  in  the  corres|x»nding  spinal  ner\'^e  in  which  they  form  the 
peripheral  sensor}' nene  fibers.  It  follows  that  a  section  or  lesion 
of  the  poeterior  root  will  result  in  a  degeneration  of  the  branch 
entering  the  vord,  this  branch  having  been  cut  off  from  its  nutri- 
tive relationstiip  with  it^  cells  of  origin.  The  degeneration  \v\\\  in- 
Toire  the  entire  length  of  the  branch  and  its  collaterals  to  their 
tetmiualions  among  the  dendrites  of  other  spinal  or  bulbar  neurons 
(ms  the  chapter  on  the  spinal  cord).  After  a  lesion  of  this  sort 
the  elump  of  the  posterior  root  that  remains  in  connection  with 
the  posterior  root  ganglion  maintains  its  normal  structure.  ( )n  the 
oibtY  hand,  a  section  or  lesion  involving  the  spinal  nen'e  will  be 
foUowrd  by  a  degeneration  of  all  the  fibers,  efferent  and  afferent, 
lying  lo  the  peripheral  side  of  the  lesion,  since  these  fibers  are  cut 
off  from  connection  with  their  cells  of  origin,  while  the  fibers  in  the 
ecntra]  stump  of  the  di\-idetl  nen'e  will  retain  their  normal  structure. 

Afferent  and  Efferent  Fibers  in  the  Cranial  Nerves. — The 
id  cranial  nenes,  the  olfactor\*  and  the  optic,  contain 
Ibera,  which  arise  in  the  former  nerve  from  the  olfac- 
tory ephhelium  in  the  nasal  cavity,  in  the  latter  from  the  nerve 
ccBe  in  the  retina.  The  thinl,  fourth,  and  sbcth  nen-es  contain 
enly  efferent  fibers  which  arise  from  the  nen'e  cells  constituting 
•  Htrring,  '•Journal  of  Phyaiology."  29.  282,  1903. 
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tbeir  nuclei  of  origin  in  the  midbrain  and  pons.  The  fifth  nerve 
resembles  the  spinal  nerves  in  that  it  has  two  roots,  one  containing 
afferent  and  the  other  efferent  fibers.  The  efferent  fibers,  consti- 
tuting the  small  root,  arise  from  nerve  cells  in  the  pons  and  mid- 
brain, the  afferent  fibers  arise  from  the  nerve  cells  in  the  Gasserian 
ganglion.  This  ganglion,  being  a  sensory  ganglion,  is  constituted 
like  the  posterior  root  ganglia.  Its  nerve  cells  give  off  a  single 
process  which  divides  in  T,  one  branch  passing  into  the  brain  by  way 
of  the  large  root,  while  the  other  passes  to  the  peripheral  tissues  as  a 
Bensory  fiber  of  the  fifth  nerve.  The  seventh  nerve  may  also  be 
homologized  with  a  spinal  nerve.  The  facial  nerve  proper  consists 
of  only  efferent  fibers,  which  arise  from  nerve  cells  constituting 
its  nucleus  of  origin  in  the  pons.  The  geniculate  ganglion,  attached 
to  this  nerve  shortly  after  its  emergence,  is  similar  in  structure  to 
the  Gasserian  or  a  posterior  root  ganglion.  Its  nerve  cells  send  off 
processes  which  divide  in  T  and  constitute  afferent  fibers  in  the 
80-called  nervus  intermedins  or  nerve  of  Wrisbcrg.  The  eighth 
nerve  consists  only  of  afferent  fibers  which  arise  from  the  nerve 
cells  in  the  spiral  ganglion  of  the  cochlea,  cochlear  branch,  and  from 
those  constituting  the  vestibular  or  Scarpa's  ganglion,  the  vestibu- 
lar branch.  Both  of  these  ganglia  are  sensory,  resembling  the 
posterior  root  ganglia  in  structure.  The  ninth  nerve  is  also  mixed, 
the  efferent  fibers  arising  from  the  motor  nucleus  in  the  medulla, 
while  the  sensor>'  fibers  arise  in  the  superior  and  petrosal  ganglia 
found  on  thener^'e  at  its  emergence  from  the  skull.  The  tenth  is  a 
mixed  ner/e,  its  efferent  fibers  arising  in  motor  nuclei  in  the  me- 
dulla, the  afferent  fibers  in  the  ner\'e  cells  of  the  ganglia  lying  upon 
the  trunk  of  the  nerve  at  its  exit  from  the  skull  (ganglion  jugulare 
and  nodosum).  The  eleventh  and  twelfth  cranial  nerves  contain 
only  efferent  fibers  that  arise  from  motor  nuclei  in  the  medulla. 

It  will  be  seen  from  these  brief  statements  that  in  all  the  nerve 
tnink.s  of  the  central  nervous  system — that  is,  the  spinal  and  th© 
cranial  nerves — the  cells  of  origin  of  the  efferent  fibers  lie  within 
the  gray  matter  of  the  brain  or  cord,  while  the  cells  of  origin  of  the 
afferent  fibers  lie  in  sensory  ganglia  outside  the  central  nervous 
system, — namely,  in  the  posterior  root  ganglia  for  the  spinai 
norv(?8,  in  the  ganglion  semilunare  (Gasseri),  the  g.  geniculi,  the 
g.  sf)irale,  the  g.  vestibulare,  the  g.  superius  and  g.  petrosum  of  the 
gloKHophuryngeal,  and  the  g.  jugulare  and  g.  nodosum  of  the  vagus. 
Thewj  various  sensor}*^  ganglia  attached  to  the  cranial  nerves  corre- 
spond esHcntially  in  their  structure  and  physiology  with  the  posterior 
rcK)t  ganglia  of  the  spinal  nerves. 

Independent  Irritability  of  Nerve  Fibers. — ^Although  the 
nerve  fibers  under  normal  conditions  are  stimulated  only  at  their 
end8,  the  efferent  fibers  at  the  central  end,  the  afferent  at  the 
peripheral  end,  yet  any  nerve  fiber  may  be  stimulated  by  artificial 
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at  any  point  in  its  course.  Artificial  Htimuli  capable  of 
the  nerve  fiber — that  b,  capable  of  generating  in  it  a  nene 
faspube  which  then  propagates  it^self  along  the  fiber — may  be  divided 
inio  the  following  groups: 

1.  Chemiool  gtimyli.  Various  chemical  reagents,  when  applied 
directly  to  a  ner\'c  trunk,  excite  the  nor\e  iil>ers.  Such  reagents 
are  coneentrated  solutions  of  the  neutral  salts  of  the  alkalien,  acidsi 
dkalBc».  glycerin,  etc.  This  method  of  stimulation  is  not,  however, 
cf  nmch  practical  value  in  experimental  work,  since  it  is  difficult  or 

able  to  control  the  reaction. 

2,  Mechanical  stimuli.  A  blow  or  pressure  or  a  mechanical  in- 
jory  of  any  kind  applied  to  a  nen'c  trunk  also  excites  the  fibers. 
Hub  tnethod  of  stimulating  the  fibers  Is  also  difficult  to  control 
sad  has  had.  therefore,  a  limited  application  in  experimental  work. 
Tlka  mrchanicul  stimulus  is  ess(^>ntially  a  pressure  stiimdus,  and  the 
diffieiilty  lies  in  controlling  this  pressure  so  that  it  shall  not  jtctudly 
deitioy  the  nen'e  filler  by  rupturing  the  delicate  axis  cylinder. 
Varioas  instruments  Imve  been  devised  by  means  of  which  light 
bkywB  may  be  given  Ut  the  ner\o,  sufficient  to  arouse  an  impulse, 
but  insufficient  to  pennanently  injure  the  fibers.  The  results  oH- 
tained  by  this  method  have  been  ver>'  valuable  in  physiology  as  con- 
lioLi  for  the  experiments  made  by  the  usual  method  of  electrical 
■litnalation.  It  may  be  mentioned  also  that  under  certain  condi* 
lioos  for  instance,  at  one  stage  in  the  regcner;ktion  of  injured 
Derve  fibers  mechanical  stimuli  may  be  more  effeetive  than 
drrtriral,  that  is.  nuiy  stimulate  the  nerve  fiber  when  electrical 
atimuli  totally  fail   to  do  so. 

3,  Thrrmnl  stimuli.  A  sudden  change  in  temperature  may 
■timulate  the  ner\'e  fibers.  This  method  of  stimulation  is  very 
Btfffective  for  motor  fibers,  only  very  extreme  and  sudden  changes, 
■ueh  aa  may  be  obtained  by  applying  a  heated  wire  directly  to 
the  nerve  trunk,  are  caj^able  of  so  stimulating  them  as  to  produce 
a  muaeular  contraction.  On  the  other  hand,  the  sensory  nerve 
fima  are  qiute  sensitive  to  changes  of  temperature.  If  a  nen'e 
tnink  in  a  man  or  animal  is  suddenly  cooled,  or  especially  if  it  is 
fwHtnly  heated  to  60**  to  70^  C,  \iolent  pain  results  from  the 
ftioBlllation  of  the  sensory  fibers  In  the  trunk,  while  the  motor 
SbtfS  are  apparently  not  acted  upon.  We  have  in  this  fact  one 
of  sereral  differences  in  reaction  between  motor  and  sensory  fibers 
which  have  been  noted  from  time  to  time,  and  which  seem  to 
iadieato  that  there  is  some  difference  in  structure  or  irritability 
between  them. 

4.  EUdrical  stimuli.    Some  form  of  the  electrical  current  isbe- 
question  the  most  effective  and  convenient  means  of  stimutat- 

:  nerve  fibers.    We  may  employ  cither  the  galvanic  current — that 
,  the  current  taken  directly  from  a  battery — or  the  induced  current 
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from  the  secondary  coil  of  an  induction  apparatus  or  the  so-called 

static  electricity  from  a  Leyden  jar  or  other  source.  In  most  experi- 
mental work  the  induced  current  is  used.  The  terminal  wires  from 
the  secondary  coil  are  connected  usually  with  platinum  wires  im- 
bedded in  hard  rubber,  forming  what  is  known  as  a  stimulating  elec- 
trode.   (See  Fig.  29.)    By  this  means  the  platinum  ends  which  now 


Fic-  29.— Sumulating  (catheter)  electrodes  for  nerves:  6,  Binding  posts  for  attechmsot 
fli  wires  from  the  aecoadary  ooU;  «,  insulating  sheath  of  hard  rubbttr;  p.  platinam  points 
laid  upon  the  nerve. 

form  the  electrodes,  anode  and  cathode,  can  be  placed  close  together 
upon  the  nerve  trunk,  and  the  induced  current  passing  from  one  to 
the  other  through  a  short  stretch  of  the  nerve  sets  up  at  that  point 
nerve  impulses  which  then  propagate  themselves  along  the  nerve 
fiberB.  The  induction  current  is  convenient  because  of  its  intensity, 
which  overcomes  the  great  resistance  offered  by  the  moist  tissue;  be- 
cause of  its  very  brief  duration,  in  consequence  of  which  it  acts  as  a 
sharp,  quick,  single  stimidus  or  shock,  and  because  of  the  great  ease 
with  which  it  may  be  varied  as  to  rate  and  as  to  intensity.  On 
account  of  the  very  brief  duration  of  the  induced  current  it  is  dif- 
ficult to  distinguish  between  the  effects  of  its  opening  and  closing, 
The  Stimulation  of  the  Nerve  by  the  Galvanic  Current- — ^When 

however,  we  employ  the  galvanic 
current,  taken  directly  from  a  bat- 
ter}', as  a  stimulus,  we  can,  of 
course,  allow  the  current  to  pass 
through  the  ner\'e  as  long  as  we 
please  and  can  thus  study  the  effect 
of  the  closing  of  the  current  as 
distinguished  from  that  of  the  open- 
ing, or  the  effect  of  duration  or 
direction  of  the  current,  etc. 

Du  BoiS'ReymoTuTs  Law  of  Stimr 
tdation. — ^When  a  galvanic  current 
is  led  into  a  motor  nerve  it  is 
found,  as  a  rule,  that  with  all 
moderate  strengths  of  currents  there 
is  a  stimulus  to  the  nerve  at  the 
moment  it  is  closed,  the  making  or 
closing  stimulus,  and  another  when 
the  current  is  broken,  the  breaking 
or  opening  stimulus,  while  during 
the  passage  of  the  current  through  the  nerve  no  stimulation  takes 


Fig.  30. — Schema  of  the  arrange* 
ment  of  apparatus  for  stimulating  the 
nerve  by  a  galvanic  current:  b.  The 
battery;  k,  the  key  for  opening  and 
olotdng  the  circuit ;  c,  the  commutator 
for  reversing  the  direction  of  the  cur- 
rent; +  the  anode  or  pcwitive  pole; 
—  the  cathode jor  negative  pole. 
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place:  the  muscle  remains  relaxed.  We  may  express  this  fact 
by  fl*>ing  that  the  mokir  nerve  fibers  are  st'mmlate<l  hv  the  inn.\c^ 
ioc  ftn<1  the  breaking  of  the  current  <'r  by  nnv  siidLleii  ch^^^^e 
m  ita  intonMtv^but  remaiii  uusflimikti'il  ilnrlnt;  tiio  na.ss:i;;f  n(  cur- 
petxts  who8e  integrity  does  not  xnrv. 

The  Anodal  andCathoilal  Stimuli. — It  has  been  shown  qiiito  con- 
clusively that  the  nen^e  impulse  started  by  the  making  of  the  current 
at  the  cathode,  while  that  at  the  breaking  of  the  current 
at  the  anode,  or,  in  other  words,  the  making  shock  or 
aulas  is  cathodal,  while  the  breaking  stimulus  is  anodaL  This 
.  in  true  for  muscle  as  well  as  nen'e,  and  possil_>ly  for  all  irritable 
capable  of  stimulation  by  the  galvanic  current.  This 
Bpodtaat  generalization  may  be  den luiuit rated  for  motor  nc^^'es 
separating  the  ano<ie  and  catholic  as  fur  as  possible  and  re- 
the  latent  period  for  the  t-ontractions  caused  respect- 
by  the  making  and  the  Vireaking  of  the  current  in  the  nerve. 
If  the  cathode  is  nearer  to  the  muscle  the  latent  jx^riod  of  the  mak- 
iof  contraction  of  the  muscle  will  be  shorter  than  that  of  the  break- 
ing oootraction  by  a  time  equal  to  that  necessary  for  a  nerve  impulse 
to  iravcl  the  distance  between  anode  and  cathotle.  If  the  position 
of  the  electrodes  is  reverseil  the  latent  period  of  the  making  con- 
trmciion  will  be  correspondingly  longer  than  that  of  the  breaking 
eontfmclion.  It  is  very  evident  from  these  facts  that  when  a 
current  is  passed  into  a  nerve  or  muscle  the  changes  at  tlie  two 
poles  are  different,  as  shown  by  the  differences  in  reactions  and 
properties  of  the  ner\'e  at  these  points.  Bethe  has  shown  that  a 
JifclBBce  may  l^e  demonstrateii  even  by  histological  means.  After 
the  psaaage  of  a  current  through  a  nerve  for  some  time  the  axis 
cylinders  stain  more  deeply  than  normal  at  the  cathode  with  cer- 
tain dyes  (toluidin  blue),  while  at  the  anode  they  stain  less  deeply. 
Btcirotonus. — The  alteretl  physiological  condition  of  the  nerve 
at  the  poles  during  the  passage  of  the  galvanic  current  Ls  designated 
riectrotoniis.  the  condition  round  the  anode  being  known  as 
clrotonus.  that  round  the  cathode  as  catelectrotonus.  Elec- 
troConus  expresses  itself  as  a  change  in  the  electrical  condition  of 
the  iier\'e  which  gives  rise  to  currents  known  as  the  electrotonic 
mrrenta, — a  brief  description  of  these  currents  will  be  given  in 
the  next  chapter. — and  also  by  a  change  in  irritability  and  con- 
ductivity. The  latter  changes  were  first  carefully  invest  igateii 
by  Pfliiger.  who  showed  that  when  the  galvanic  current,  or.  as  it  is 
Oiually  called  in  this  connection,  the  polarizing  rnrrpni  L^not  too 
there  is  an  incren-so  fn  irritability  f^pd  rpp^l^yti vity  in  the 
itorhwwi  ot  ttie  cathode,  the  so-called  catelectrotonic  increase 
Tfflmhit^ty.  'wUlll*  in  The  region  of  the  anode  there  is  an  anelec- 
imtooic  decrca.se  in  irritabilitY  and  conductivity.  These  opposTle 
raflSlons  m  ihe  state  of  the  nerve  are  represented  in  the  accom- 
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panying  diagram.  Between  the  two  poles — ^that  is,  in  the  intrapolar 
region — there  is,  of  course,  an  indifferent  point,  on  one  side  of  which 
the  irritability  of  the  nerve  is  above  normal  and  on  the  other  side 
below  normal.  The  position  of  this  indifferent  point  shifts  toward 
the  cathode  as  the  strength  of  the  polarizing  current  is  increased. 
In  other  words,  as  the  current  increases  the  anelectrotonus  spreads 
more  rapidly  and  becomes  more  intense,  and  the  conductivity  in 
this  region  soon  becomes  so  depressed  as  to  block  entirely  the 
passage  of  a  nerve  impulse  through  it.  The  changes  on  the  cathodal 
side  are  not  so  constant  nor  so  distinct.  It  has  been  shown,* 
in  fact,  that  if  the  polarizing  current  is  continued  for  some  time, 
the  heightened  irritability  at  the  cathode  soon  diminishes  and 
sinks  below  normal,  so  that  in  fact  at  the  cathode  as  well  as  at 
the  anode  the  irritability  may  be  lost  entirely.  If  the  polarizing 
current  is  very  strong  this  depressed  irritability  at  the  cathode 
comes  on  practically  at  once.  Moreover,  when  a  strong  current 
that  has  been  passing  through  a  nerve  is  broken  the  condition  of 
depressed  irritability  at  the  cathode  persists  for  some  time  after 
the  opening  of  the  current. 

Pfliiger*s  Law  of  Stimulation, — It  was  said  above  that  when 
a  galvanic  current  is  pa^ised  into  a  nerve  there  is  a  stimulus  (catho- 
dal) at  the  making  of  the  current  and  another  stimulus  (anodal) 


Fig.  31.— Electrotonic  alterations  of  irritability  caused  by  weak,  medmm.  and  strooc 
battery  currents :  A  and  B  indicate  the  points  of  application  of  the  electrodee  to  the  nerve.  A 
being  the  anode,  B  the  cathode.  The  horizontal  line  represents  the  nerve  at  normal  irri- 
tability; the  curved  lines  illustrate  how  the  irritability  is  altered  at  different  parts  of  the 
nerve  with  currents  of  different  strengths.  Curve  y*  shows  the  effect  of  a  weak  current,  Uie 
part  below  the  line  indicating  decreased,  and  that  above  the  line  increased  irritability;  at  r* 
the  curve  crosses  the  line,  this  being  the  indifferent  point  at  which  the  catelectrotonic  effecta 
are  compensated  for  by  anelectrotonio  effects;  p^  gives  the  effect  of  a  stronger  current,  and 
V*,  of  a  still  stronger  current.     As  the  strength  of  the  current  is  increased  the  efifect  becotrea 

S eater  and  extends  farther  into  the  extrapolar  regions.     In  the  intrapolar  region  the  in- 
Pferent  point  is  seen  to  advance,  with  increaang  strengths  of  ouirentt  from  the  anode 
toward  the  cathode.— (Lwnfrard.) 

at  the  breaking  of  the  current.  This  statement  is  true,  however, 
only  for  a  certain  range  of  currents.  Of  the  two  stimuli,  the  making 
or  cathodal    stimulus  is  the  stronger,  and  it  follows,  therefore, 

♦  Werigo,  "Pfluger's  Archiv,"  84,  547,  1901.  See  Biedermann,  "Elec 
Irophyuology/'  translated  by  Welby,  vol.  ii,  p.  140. 
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t^i^  ■rh^nthpstrpnglfi  of  tho  rnrrant  !«  fltmi'^  jf^f^pf)  thefC  Will  COTne 

a  cCTUin  point  at  which  th^  anndf^l  Btim"i"°  ^^"  ^''■■^p  out,  Wjth- 
iptiJc  current^  there  is  then  a  .stimulus  only  at  the  make.  On  the 
oUmt  hand,  when  very  stronp:  currents  are  ^ised  the  stimuli  that  act 
at  the  two  poles  set  up  nen'e  impulses  whose  passapje  to  the  muscle 
may  be  blocked  by  the  depressed  conductivity  caused  by  the  electro- 
tooic  changes.  Whether  or  not  the  stimulus  will  be  effective  in 
cmwing  a  contraction  in  the  attached  muscle  will  depend  naturally 
tm  the  relative  positions  of  the  electrodes, — that  is,  on  the  direction 
of  the  current  in  the  nerve.  In  describing  the  etfect  of  these  strong 
oirrenta  we  must  distinguish  between  what  are  called  ascending 
aod  descending  currents.  Ascending  currents  are  those  in  wljich 
the  dirertion  of  the  current  In  the  ner\'e  is  away  from  the  musdcj 
a  poeitlon  of  the  poU^jt,  therefore,  in  which  the  anode  is  closer  to 
themusj'Ie.  In  descending  currents  the  positions  are  reversed. 
rtuger's  law  of  contraction  or  of  stimulation  takes  account  of 
the  effect  of  extreme  variations  in  the  strength  of  the  current 
and  is  usually  expressed  in  tabular  form  as  follows:  The  letter  C 
iDdieatee  that  the  ner\e  is  stimulated  and  causes  a  contraction  in 
the  attached  muscle^  and  O  indicates  a  failure  in  the  stimulation 
(w«»k currents)  or  a  failure  in  the  nerve  impulse  to  reach  the  muscle 
tmiog  (o  blocking  (strong  currents). 


PU  33. 


Flc-33. 


t  and  U.'-H^helieiiik  lo  thov  ttw  urangpfnent  of  apparatus  Tor  an  aureadinff  and  a 
itfudtna  cuTTf-nt:   Fii.  ;ri.  lucrtKling;   Fi|[.  3.t,  fiejtcvnAitMi. 


ASCCNDING    CcRRKirr. 
Making,     Breaking. 

Very  weak  currents  ..C  O 

llodano*        "     ....C  C 

Verjrrtrong    "    ...O  C 


Dkaccndino  Cukbbnt. 
Making,     Breaking, 

c  o 

c  c 

c  o 


The  effects  obtained  with  the  strong  currents  are  readily  under- 
if  we  bear  in  mind  the  facts  stated  above  regarding  clcctro- 
tonoa.  When  the  current  is  ascending  the  stimulus  on  making 
itarts  from  the  cathoiie.  but  cannot  reach  the  muscle  because  it 
w  blocked  by  a  regiim  of  anelectrotonus  in  which  the  conduc- 
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tivity  is  depressed.  The  stimulus  on  breaking  takes  place  at 
the  anode  and  the  impulse  encounters  no  resistance  in  its  passage 
to  the  muscle.  With  the  descending  current  the  cathode  lies  next 
to  the  muscle  and  the  making  or  cathodal  stimulus  of  course  causes 
a  contraction.  On  breaking,  however,  the  impulse  that  is  started 
from  the  anode  is  blocked  by  the  depressed  irritability  in  the 
cathodal  region,  which,  as  has  been  said,  comes  on  promptly  with 
strong  currents  and  persists  for  a  time  after  the  current  is  broken. 

The  Opening  and  the  Closing  Tetanus. — While  the  du  Bois-Reymond 
law  stated  above  expresses  the  facts  as  usually  observed  upon  a  nerve-muscle 
preparation,  there  are  a  number  of  observations  wtiich  indicate  that  the 
excitation  at  the  anode  and  tlie  cathode  during  the  passage  of  a  current 
may  give  rise  to  a  series  of  stimuli  instead  of  a  single  stimulus.  Thus  with 
sensory  nerves  it  is  well  known  that  the  stimulation,  as  judged  by  the 
sensations  aroused,  continues  while  the  current  is  passing  instead  of  being 
Hmited  to  the  moment  of  making  or  of  breaking  of  the  current.  In  this 
respect,  as  in  stimulation  by  bigti  temperatures,  the  sensory  fibers  differ 
apparently  from  tlie  motor.  When  a  galvanic  current  is  passed  through  the 
ulnar  nerve  at  the  elbow  sensations  arc  felt  during  the  entire  time  of  passage 
of  the  current.  But  in  an  ordinary  nerve-muscle  preparation  it  is  also  fre- 
quently observed  that  at  the  moment  of  opening  the  current  a  tetanic  con- 
traction, persisting  for  some  time,  is  obtained  instead  of  a  single  twitch.  This 
phenomenon  is  known  as  the  opening  tetanus  or  Hitter's  tetanus,  and  P6uger 
has  shown  that  the  continuous  excitation  proceeds  from  the  anode,  since 
in  the  case  of  a  descending  current  division  of  the  nerve  in  the  intrapolar 
region  brings  the  muscle  to  rest.  In  the  same  way  it  frequently  happens 
that  upon  closing  the  current  through  a  nerve  the  muscle,  instead  of  giving  a 
twitch,  goes  into  a  persistent  tetamc  contraction.  The  tetanus  in  this  case 
is  designated  as  the  closing  or  Pflii^er's  tetanus.  Both  of  these  phenomena 
are  observed,  especially,  when  the  irritability  of  the  nerve  is  for  any  reason 
greater  than  normal.  It  should  be  added  that  the  opening  and  the  closing 
tetanus  may  be  observed  also  in  a  muscle  when  the  galvanic  ciurent  is  passed 
through  it. 

Stimulation  of  the  Nerves  in  Man. — For  therapeutic  as  well 
as  diagnostic  and  experimental  purposes  it  often  becomes  desirable 
to  stimulate  the  nerves,  particularly  the  motor  nerves,  in  man. 
We  may  use  for  this  purpose  either  the  induced  (faradic,  alternat- 
ing) current  or  the  direct  battery  current  (galvanic  or  continuous 
current).  In  such  cases  the  electrodes  cannot  be  applied,  of  course, 
directly  to  the  nerve;  it  becomes  necessary  to  stimulate  through 
the  skin,  and  the  so-called  unipolar  method  is  employed.  The 
unipolar  method  consists  in  placing  one  electrode,  the  active  or 
stimulating  electrode,  over  the  nerve  at  the  point  which  it  is  desired 
to  stimulate,  while  the  other  electrode,  the  inactive  or  indifferent 
electrode,  is  applied  to  the  skin  at  some  more  or  less  remote  part, 
usually  at  the  back  of  the  neck.  The  indifferent  electrode  is  made 
large  enough  to  cover  several  square  centimeters  of  the  skin,  and  one 
may  conceive  the  threads  of  current  as  passing  from  it  into  the 
moist  tissues  of  the  body,  and  thence  to  the  active  electrode.  As 
the  threads  of  current  condense  to  this  latter  electrode  they  pass 
through  the  motor  nerve  which  lies  imder  it,  and  if  sufficiently  in- 
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t^nse,  will  stimulate  the  nerve.    The  arrangemeat  is  represented  in 

f/if.vcompanyinK  schema  (Fig.  M),  showing  the  disposition  of  the 

Wtt'inKies  for  stimulatiag  the  median  nerve.     At  the  indifferent 

elMrode  the  sensor>'  nerves  of  the  skin  are  of  course  stiiiiulatt'il,  Ijut 

Do  motor  respon;5e  is  obtained,  as  no  motor  nerve  lies  immediately 

under  the  skin.     Moreover,  the  large  size  of  this  electrode  tends  to 

Muse  the  current  and  thus  reduce  its  effectiveness  in  stinmlating. 

The  active  or  stimulating  electrtjde  is  small  in  size,  particularly 

when  induction  currents  are  employed,  so  that  the  current  may  he 

iimdeosed  an<i  thus  gain  in  cflectivenoss.     The  tlry  surface  of  the 

«kin  is  a  poor  conductor  of  the  electrical  current^  and  to  reduce  the 

nastance  at  the  points  at  which  the  electrodes  come  in  contact 


TrrTi^ruc? 


€P 


FlC-  M- — 8rii«niA  tophow  the  unipolar  method  of  sttmulAtioTi  in  man.  The  a.nodfl^ 
^  ■  Hpnaaalod  ma  the  stiniuUting  pole,  applied  uver  the  mediai]  uerve.  The  calbixls, 
*%li  Om  iadiffcrent  pole. 

with  the  skin  each  is  covered  with  cotton  or  fhamois  skin  kept 
moistened  with  a  dilute  saline  solution. 

Motor  Points. — By  means  of  the  unipolar  method  nearly  every 
voluntary  muscle  of  the  body  may  be  stimulated  separately.  AH 
Umt  is  neceasary,  when  the  induced  current  is  used,  is  to  bring  the 
ictive  electrode  as  nf^arly  as  possible  over  the  spot  at  which  the 
mmele  recsrives  its  motor  branch.  A  diagram  showing  these  motor 
pointa  for  the  arm  is  given  in  Fig.  35.     In  the  same  way  the 
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nerves  of  the  brachial  plexus  and  other  nerve  trunks  may  be 
stimulated  very  readily  through  the  skin.  When  the  induction 
current  is  used  no  distinction  is  made  between  the  cathodic  and 
anodic  effects.     When,  however,  the  battery  current  is  employed 


taian.} 


Lldlsttlllvt  liil 

U.  ■».  dictt.  nW 
(dlfll.  Indldn  ri 
Mlftlmlt 


Fig-  35. — Motor  points  in  upper  extremity. 


one  niay  make  the  stimulating  electrode  either  anode  or  cathode, 
and  under  these  circumstances  a  marked  difference  is  observed 
in  the  strength  of  the  current  that  it  is  necessary  to  use  to 
get  a  response.  With  the  battery  or  galvanic  current,  in  fact, 
one  may  distinguish  four  stimuli,  the  closing  and  the  open- 
ing shock  when  the  stimulating  electrode  is  cathode  and  the 
closing  and  the  opening  shock  when  it  is  anode.  The  con- 
tractions resulting  from  these  four  stimuli  are  designated  usually 
as  follows:  The  cathodol  closing  contraction,  C  C  C;  the  cathodal 
opening  contraction,  C  0  C;  the  anodal  closing  contraction, 
A  C  C ;  and  the  anodal  opening  contraction,  A  0  C.  If  the  minimal 
amount  of  current  necessary  to  give  each  of  these  contractions 
is  measured  in  milliamjJ^res  by  means  of  a  suitable  ammeter, 
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H  will  be  found  that  the  four  stimuli  are  of  different  eflBciencies. 
The  usual  relationship  is  expressed  by  the  sequence  C  C  C  > 
A  C  C  >-  A  O  C  "^  r  ()  C,  although  this  sequence  is  subject  to  some 
indiAndual  variation.  Pathological  or  traumatic  lesions  that 
ouific*  tile  degeneration  of  the  ner\'es  may  be  revealed  by  the  use 
of  tbaee  methods  of  stimulation.  The  nerve  trunk  under  jjuch 
ciirttnMtanr<y  fuils  to  respond  to  either  form  of *"  stimulus^  in- 
dacca  or  ^iivanuT  Thgjiuaftl^'  *">'^  the  other  hand,  while  it  may 
fan  to  respond  to  inductiorr'shocks,  is  stimulute<l  by  the  gal- 
ymnic  current,  and^  indeed,  may  show~an  mcreased  irritability 
vowwrti  ttug  form  of  aumulus.  although  the  contractions  are 
more  sluggi^^h  in  rhuructer  than  in  a  muscle  with  a  normal  nerve 
fupply.  Certain  qualitative  changes  in  the  reaction  of  the 
Attsele  to  the  galvanic  current  may  also  be  noticctl,  for  instance, 
the  A  C  C  is  sometimes  obtained  with  less  current  than  theC  C  C. 
"TC^^uSJltative  and  quantitative  cJiange  in  reaction  to  "the 
gmlvAnir  current,  and  i\\p  loss  of  irritability  tn  tlir  iniiuopd  nir 
rent,  constitute  what  is  known  as  the  reaction  of  degeneration. 
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i«t»  to  show  tb«  reUtion  between  the  pbyRical  and  Uie    phyilo> 

E»eh  ■obems  repre««au  the  forevni  with  the  medi&n   nerv*. 

electrode  U  the  cathode;  the  threMU  of  eurrenl  which  have  etarled 

Where 

-,-_.,  .    '•   »»h«re  the. 

icai  fTJithode*.  e.     In  //  Uw  etimulatinff  electrofle  le  the  anode.     The 

he  body  toward  the  I    /        _  _  __ 

efit«r  and  leave  the  nenii  we  nave,  aa  in  the  first  ca«e,  physio* 


Tercut  electrode)  placed  elMwbere, converge  to  thin  pole. 

. nm *- '-' '-' — '--' ^"    -.  — » *!. 

«fl  y^raolocical  c  __        _  _     

M  euneot  leave  this  p<:kle  to  traveree  the  body  toward  the  indifferent  electrode 
Whera  the; 


ikMV  lWapid»  eoter  the  oerve  we  have  a  wBtvm  of  nhyidolacical  MicxlttA,  a:  where  they  leave, 

■Tccit  lei 

"bet*  thev  _  _  _ 

and  emttiodes,  now,  however,  on  (tie  opposite  lidefl  of  the  nerve, 


Distinction  between  Physical  and  Physiological  Poles. — The 

fartft  *ta»e<l  aU)ve  spom  to  show,  at  iii>t  .*;inhl.  tliat  by  the 
UBipoUr  methoil  we  may  ol)tain  both  an  o}3entii£;  and  a  closing 
alnck  at  cither  the  cathode  or  anode, — ^a  a^sult  which  is  b 
»ppiar«nt  contradiction  to  the  general  law  that  the  making  or 
ylfMr^g  Stimulus  t^>ccurs  only  at  the  cathode  and  the  breaking 
or  opening  stimulus  onlv  at  the  anode.     This  apjmrent  contra- 
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unipolar  method  the  active  electrode  rests  upon  the  skin  over  the 
nerve,  and  that  the  threads  of  current  radiating  from  this  point 
enter  the  nerve  at  one  point  and  leave  it  at  another.  Evidently, 
therefore,  so  far  as  the  nerve  is  concerned,  there  will  be  an  anode 
where  the  current  is  considered  as  entering  the  nerve  and  a  cathode 
where  it  leaves  it,  so  that  under  the  active  electrode,  whether  this 
is  physically  an  anode  or  cathode,  there  will  be,  as  regards  the 
nerve,  a  series  of  what  may  be  called  physiological  cathodes  and 
anodes.  The  closing  shock  arises  at  these  cathodes,  the  opening 
shock  at  the  anodes.  The  position  of  the  series  of  anodes  and 
cathodes  will  vary  according  as  the  active  electrode  is  an  anode 
or  cathode,  as  is  indicated  in  the  accompanying  diagram  (Fig.  36). 


CHAPTER  rv. 

THE  ELECTRICAL  PHENOMENA  SHOWN  BY  NERVE 
AND  MUSCLE. 

The  Demarcation  Current— Our  definite  knowledge  of  the 
dtttrical  properties  of  living  tissue  began  with  the  celebrated  in- 
>'atigfttions  of  du  Bois-R^yniond*  (1843).  When  a  muscle  or 
nerve  is  removed  from  the  body,  and,  in  the  case  of  the  muscle, 
when  one  tendinous  end  is  cut  off,  it  is  fount!  that  the  cut  end  has 
Ml  electrical  potential  differiria;  from  ihat  of  t!ie  uninjured  longi- 
lutiinal  surface  of  the  preparation.  Followini;  the  usual  nomen- 
flatnre,  the  cut  end  is  eleetronegative,  the  longitudinal  surface 
is  electropositive.  If,  therefore,  the  longiturlinal  surface  is  con- 
nwid  by  a  conductor  with  the  cut  surface  a  current  will  flow  from 
titf  former  to  the  latter,  as  is  indicated  in  the  accompanying  dia- 


-c 


_^   T\t-  37.— ^ebamA  showing  the  oourm  of  fh«  damftrcAtion  rurrent  in  an  exciwd  oerve. 
*>*i4paint  on  Ibe  longitudmal  and  one  oa  the  cut  surfBCQ  are  uuitod  by  a  coniiucton 


While  the  direction  of  the  current  through  the  conductor  con- 
Darting  the  two  points  is  from  the  longitudinal  to  the  cut  surface 
the  current  may  be  considered  as  being  complete*!  in  the  opposite 
*foction  within  the  8ul)stance  of  the  muscle  or  nerve,  as  shown 
m  the  diagram.  We  may,  in  fact,  consider  an  excised  nerve  or 
muscle  as  a  batter>%  the  cut  end  representing  the  zinc  plate  and 
the  longitudinal  surface  the  copper  plate.  Within  the  battery 
tbe  direction  of  the  current  is  from  zinc  to  copper,  from  cut  end 
to  longitudinal  surface;  outside  the  batterv  the  direction  is  from 
wpper  to  zinc,  from  longitudinal  to  cut  surface.  If  two  wires 
•*"?  connect-ed  with  the  muscle  or  iier\'e  the  end  of  the  one  attached 
to  the  longitudinal  surface  will  represent  the  pasitive  pole  or  anode, 
we  end  of  the  one  attached  to  the  cut  end  will  represent  the  cathode 

"'Unt«r«uchungeD  uber  thierische  Elektricitat,"  du  Bois-Heymond, 
WHS- 1860. 
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or  negative  pole.    On  joining  the  ends  of  the  wires  a  current  will 
pass  from  positive  to  negative  pole. 

A  current  of  this  character  from  an  excised  nerve  or  muscle 
IB,  of  course,  small  in  amount  and  to  detect  it  one  must  make 
use  of  a  delicate  electrometer  of  some  sort  (see  below),  Du  Bois- 
Reymond  considered  that  the  difference  in  electrical  potential 
which  gives  rise  to  this  current  exists  normally  in  the  muscle, 
although  masked  bv  an  opposite  condition  in  the  tendinous  ends, 
and  he  therefore  spoke  of  the  currents  as  the  natural  muscle  or 
natural  nerve  currents.      It  has  since  been  shown  by  Hermann 

that  this  view  is  incorrect;  that  the 
perfectly  normal  uninjured  muscle  or 
/^    ^    nerve  has  the  same  electrical  potential 
throughout  and  will  therefore  give  no 
current  when  any  two  points  are  con- 
nected by  a  conductor.   Moreover,  the 
completely  dead  muscle  or  nerve  shows 
no  current.    The  difference  in  poten- 
tial   that    is    foimd    in    the    excised 
^        nerve  or  muscle  is  due,  according  to 
^        Hermann,  to  the  fact  that  at  the  cut 
end  the  nerve  or  muscle  is  injured.    The 
chemical  changes  that  take  place  as  a 
result  of  the  injury  make  the  tissue 
„.,,-,  .     .        electronegative    as    regards   the  *un- 

Fig.  38.  —  Schema    ehowing      \  ,     ,.    .  v    x  i         i. 

the  principle  of  construction  of  changed  living  suDstancc  elscwnere. 
net  Buapended  by  a  thread-"*!.  For  this  rcason  Hermann  described 
inl  on'^hS'cu^ni^i^nft^i  the  current  as  a  demarcation  current: 
"»»«"•*•  othei*s   have   called   it   the  current  of 

injury. 

The  nature  of  the  chans^es  at  the  injured  end  are  not  known.  It  is  inter- 
esting to  note  that  Bernstein*  lias  shown  that  the  electromotive  force  of  the 
muscle  current  increases  with  the  temperature,  a  fact  which  leads  him  to 
conclude  that  the  difference  in  potential  between  the  longitudinal  and  cut 
surface  of  the  muscle  depends  upon  a  difference  in  concentration  of  the 
electrolytes.  The  muscle,  in  fact,  acts  aft^-r  the  manner  of  a  "coneent ration 
cell."  Such  a  difference  in  concentration  may  pre-exist  in  the  normal  mus- 
cle, or,  acconling  to  tlie  view  adopted  above,  is  developed  as  the  result  of 
injuring  one  end  of  the  muscle.  It  n^ay  be  suppo.sed  that  the  injury  causes 
changes  wliich  result  in  the  formation  of  new  organic  or  inorganic  electro- 
lytes and  thus  increases  the  concentration  at  that  point.  From  what  is 
known  of  the  chemical  changes  in  muscle  it  is  safe  to  assert  that  there  is  an 
increasetl  production  of  lactic  acid  at  the  injured  end,  and  it  is  probable 
tliat  other  electrolytes  may  be  libcrateil  in  diffusible  form.  With  this  increased 
concentration  at  the  injured  area  a  development  of  electric  potential  might 
be  expected,  owing  to  the  probability  that  the  cations  (H,  K,  Na,  Mg,  Ca) 
will  diffuse  off  more  rapidly  and  thus  leave  the  injured  end  with  a  negative 
charge.  Kxi>eriments  made  by  Urano  and  von  I'Vey  on  muscle  juice  squeezed 
out  of  the  muscle  fibers  under  high  pressure  have  shown  that  when  it  is  diffused' 
against  sugar  solutions  it  loses  its  K  and  Mj?  more  rapidly  than  the  PO^  and  SO«. 
»  "Pfluger's  Archiv,"  1902,  92,  521. 
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Ile«at    of   Demonstrating    the    Muscle    Current. —Tlir   demarcation 

Bt  and  oihpr  rlwtricnl  coiiailions  to  be  doscribwi  reqviire  especial  apparu- 

ttM  for  Xht*'tr  Htudy.     To  »letect  the  exwtence  of  a  rurrent  pliysiologiittH  use 

Vtbvr  a  pUvanontctrr  or  a  caoillary  eleetrometor.   The  galvauonietcrs  employed 

■rt  ot  ■rrvral  tyiK*.  the  Kelvin  reflecting  Kalvanomcler,  the  d'Arsonval  form, 

■ad  motm  rtcenliy  Ihr  "strinp-ealvanoineter"  of  Kinilioven.     The  principle 

of  %km  galiranoiiieter  lie»  in  the  fact  that  a  magnetic  neeillc  ia  detiectcHl  ivlien 

Mk  fiBCtrioU  rurrmt  pnsaoft  through  a  wire  in  it«  vicinity.     If  a  maf!;netic 

arodla  ia  awunit  by  a  dehcate  thread  no  as  to  move  easily,  it  will  come  to  rest 

ia  ibe  naipiPtic  rneridiiui  with  its  north  pole  pointing  north.     If  now  a  wire  is 

curved  rotiod  it,  as  &hown  in  the  aceoinpanving  diai;niiii  ( Fig.  38),  and  a  battery 

at  M  ient  through  this  wire,  the  neciife  will  Ik- ilcflected  to  the  rii^ht  if  the 

at  p<IHfff  II  in  one  direction  and  to  the  left  if  it  pai^^es  in  the  op|>ORite  direc- 

Toe  movement  of  the  needle   Ls  an   indication  of  the  pre^ttmce  and 

of  the  electrical  cum-nt  in  the  wire.     The  extent  of  deflection  of 


Fis-  39.'-D'AreonraI  cUvanooietor  as  modified  by  RowUnd. 


tar- 


ofa 


deflection  cauHed  by  a  standard  hntterj'.  The  effect  of  the 
I  the  needle  increasca  with  the  number  of  turns  of  wire,  so  that 
'  galvanometers  com-tnicted  upon  this  principle  are  spoken  of  a*  high 
ealvnniimeterK,  the  great  lenj^th  of  wire  use*!  making,  of  course,  a 
.i»rc.  Inst^Nid  of  having  the  coil  through  which  the  current  passes 
•  ■^i  poNition  and  the  magnet  delicately  Hwmg  or  pois*-*!,  the  reverse 
riH^t  may  be  uj*e<J— that  is,  the  ci>i!  may  \>e  swung  between  the  poles 
1  ina^et.  I'ndcr  thes<»  circuniMtanec?^,  if  a  current  is  sent  through  the 
eofla  tMa  latter  will  mnve  with  reference  to  the  magnet.  A  galviuionieter  con- 
itnieied  aa  this  princij>lt<  Is  dcsigruiteU  as  a  d'An^onval  galvanometer,  after 
Umk  pftmiologift  who  nr^t  einployeil  this  arrangement.  In  the  dWraonval 
'  n  toe  magnet  is  fixed  while  the  coil  of  wire  through  which  the  current 
I  u  strung  by  a  very  delicate  tliread  of  quart*,  silk  fiber,  or  phosphor- 
u  The  principle  of  the  arrangement  is  tthown  in  the  accompanying 
^m^jma  iK&ff.  40)  and  one  form  of  a  complete  instrument  in  Fig.  39.  A  large 
henaati'  t  in,  m)  m  fixed  permanently  and  between  the  poles  is  swung 

^0o||(f  ite  wire,  the  two  ends  of  the  wirelx-ing  connected  with  binding 

poaCala  .-.^    ....i.ic  of  the  instrument.     The  coil  is  held  in  place  below  by  a 
^atu^tm  qitraL     In  Fig.  40  it  will  be  seen  that  the  delicate  thread  suspending 
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the  ooil  canies  just  above  the  coil  a  small  mirror,  m,  and  a  ;date  of  thin  mica 
or  aluminum.  The  mirror  is  deflected  with  the  coil,  and  when  viewed  through 
the  telescope  pictured  in  Fig.  39  the  image  of  the  scale  above  the  telescope  is 
reflected  in  this  mirror.  As  the  coil  and  mirror  are  twisted  by  the  action 
of  the  current  passing  through  the  former  the  reflection  of  the  sc&le  in  the 
mirror  is  displaced.  By  means  of  a  cross  hair  in  the  telescope  the  an^e  of 
deflection  may  be  read  upon  the  reflected  scale.  The  aluminum  vane  back  <k 
the  mirror  makes  the  system  dead-beat,  so  that  when  a  deflection  is  obtained 


I 


Fig.  40. — Diagram  of  rtnio* 
turn  of  the  d'Arsonval  salvanom* 
et«r.  e  is  the  coil  oi  fine  wire 
thronoh  which  the  current  ia 
paeaea.  It  is  bwiuik  by  a  fine 
thread  of  phosphor-bronze  so  as 
to  lie  betireen  and  cloae  to  the 
polee — (n)  north  pole,  and  (i) 
•outh  pole — of  the  magnet.  Just 
above  the  magnet  the  thread  car- 
ries a  mica  or  aluminum  vane  to 
which  is  attached  a  flmall  mirror. 
The  scale  of  the  InHtrument  ia  re- 
flected in  this  mirror  and  is 
obeerved  through  the  telescope 
■hown  In  Fig.  38. 


Fig.  41. — Schema  of  capillary  eleotrometat 
airanffed  to  show  the  dttnarcation  currmt  in 
muscle  (Lombard^ :  a.  The  glaae  tube  containing 
mercury  and  drawn  to  a  fine  capillary  below;  e, 
the  receptacle  containing  mercury  by  nuuDtt 
which  the  mercury  can  be  driven  into  the  c^»t 
lary  of  a;  A  a  vessel  with  ^aae  sides  contaimng 
mercury  below,  and  above  dilute  sulphuric  acid 
into  wluch  the  capillary  of  a  dips;  E,  the  micro- 
cope  for  observing  the  mercury  thraad  in  the 
capillary ;  m.  the  muscle ;  a  and  A,  the  wires 
touching  the  longitudinal  ana  out  surfaoes  of  the 
muscle.  The  current  flows  as  indicated  by  the 
small  arrows;  d,  ttw  capillary  thread  of  meroury 
ae  seen  under  the  microsoope. 


the  system  comes  quickly  to  rest  with  few  or  no  oscillations.  If  the  ooil  of  wire 
contains  sufficient  turnsi  enough  to  give  a  total  resistance  of  two  to  three 
thousand  ohms,  and  the  poles  of  the  magnet  are  brought  very  close  to  the 
ooil,  the  instrument  may  be  given  a  delicacy  sufficient  to  study  acctu^tely  the 
muscle  and  nerve  currents.  In  such  an  instrument  the  effect  of  the  earth's 
magnetism  may  lx>  neglected  and  the  galvanometer  may  be  hung  upon  ai^ 
support  without  reference  to  the  magnetic  meridian. 

The  movable  syntcm  of  this  galvanometer  possesses  considerable  inertia. 
80  ttiat  it  will  not  indicate  accurately  the  presence  or  extent  of  very  brkt 
electrical  currents  such  as  have  to  be  studied  in  physiology  in  some 


For  porpoaai  of  thli  kind  the  Btrifig-galvanometer  or  the  instrument  known 
M  UMT  CftpillAry  eloctromet^r  is  employed. 

Tht  String-gal vanocneter.— In  this  in»trumont  a  very  delicaU?  ifiread 
of  flilvcmi  (fuarts  ur  of  plutinum  is  Mretcheii  U'twetin  the  poleH  of  a  strong 
~"""  *    "•  M  repreaent«Kl  in  the  dia^^rams  given  in  Figs.  42  and  43.     The 


r  form  uf  tbff  Ptrinc-calvftnonici'T     tJ.  TUf  flc4'tn_^maxnct:  6,  the  prDJevtloa 
',  F,  m  wKMWW  for  vftryiiig  ihc  (cniMoa  of  the  Ukread.  —  1  Edrlmann's  C«t-«loKue.J 


a 


lo  ihow  tt)«  rrUtlon  of  the  thread  to  llir  macneta  in  the  ftrin^ 

:  AA,  Th*<l«lirRt«*  thrmtd  of  iilvprF<i  c]uarlx  or  of  platinum,  ftretchrd  bctwem 

(PP)  cit  an  *>l<<rtnintaiiti«-t.     When  a  current  imaw^  throuch  AA,  the  thread 

t.     Th*  nnU  f»f  Ihc  rnarnct*  air  pipiT*Kl  by  hoi**,  aeea  id  P\,  tliroucb 

_     _         of  the  ilirnad  may  be  Hulcbed  Dy  meaui  of  a  microaeope  or  be  piO' 

pbolucmpliic  pUt«. — \AItcr  £«n/Atfi«ft.> 


polea  of  the  maf^et  are  piercctd  by  holea,  so  that  the  thread  may  be 
inatCid  tnr  an  nlortrif  Ught  (arr  hKht )  from  one  sidn,  and  on  the  othi«r 
%h/e  tlndow  of  the  thrt'iwl  timy  be  thrown  upon  u  screen  aftex  being  magnified 
hf  A  mieroMoope  (ml't  Fig.  \2).    With  this  amngement  the  thread  shows  a 
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lateral  movement  whenever  a  current  is  passed  through  it.  The  instrument 
may  be  made  of  ereaX  delicacy  so  as  to  detect  very  minute  currents,  and, 
moreover,  it  has  the  very  great  advantage  of  responaing  accurately  to  rapid 
changes  in  potential.  If  the  shadow  of  the  thread  is  allowed  to  fall  upon 
sensitized  paper  properly  adjusted  upon  a  rotating  surface,  its  movements  may 
be  photographed  and  a  permanent  record  be  thus  obtained  (see  Fig.  22  for 
an  example  of  such  a  photographic  record  showing  the  electrical  changes  in 
a  contracting  muscle). 

The  Capillary  Electrometer. — The  Drinciple  of  the  construction  of 
the  capillary  electrometer  is  illustrated  in  Fie,  41.  A  glass  tube,  a,  is  drawn 
out  at  one  end  into  a  very  fine  capillary,  the  end  of  which  dips  into  some 
diluted  sulphuric  acid  contained  in  the  vessel  (/).  At  the  bottom  of  this 
vessel  is  a  layer  of  mercury  connecting  with  a  wire,  g,  fused  into  the  glass 
vessel.  The  tube  a  is  partially  filled  with  redistilled  mercury,  which  pene- 
trates for  a  short  distance  into  the  capillary.  By  means  of  pressure  applied 
from  above  c,  the  mercury  can  be  forced  through  the  capulary.  Then  by 
diminishing  the  pressure  the  mercury  can  be  brought  back  mto  the  capillary 
a  certain  distance,  drawing  after  it  some  of  the  dilute 
sulphuric  acid.  The  merctiry  in  tube  a  is  connected 
witn  the  other  pole  of  the  battery  by  a  wire  fused  into 
its  wall  and  dipping  into  the  mercury.  By  regulating 
the  pressure  on  the  mercury  the  pomt  of  contact  be- 
tween the  thread  of  mercury  ana  the  sulphuric  acid 
in  the  capillary,  </,  can  be  brought  to  any  desired 
IX}sition.  An  equilibrium  is  then  established  which 
will  remain  constant  as  lon^  as  the  conditions  are  not 
changed.  If  now  the  circuit  from  a  battery  or  other 
source  of  electricity — for  example,  the  excised  nerve 
or  muscle — is  closed,  the  current  entering  by  wire  ^, 
if  this  represents  the  anode,  traverses  the  sulphuric 
acid  and  mercury  in  the  capillary  and  returns  by  the 
wire  h.  At  the  moment  of  the  establishment  of  the 
current  the  equilibrium  of  forces  that  holds  the  mer- 
cury at  a  certain  point  in  the  capillary  is  disturbed, 
the  end  of  the  mercury  thread  moves  upward  with 
the  current  for  a  certain  distance,  depending  on  the 
strength  of  the  current  and  the  delicacy  of  the  capillary. 
If  the  current  be  passed  in  the  opposite  direction  the 
mercury  will  move  downward  a  certain  distance.  The 
meniscus  of  contact  moves  up  or  down  with  the  direc- 
tion of  the  current,  owing,  it  is  supposed,  to  a  change 
in  the  surface  tension  at  this  point.  The  capillary  tube 
as  used  for  physiological  purposes  is  too  small  for  the 
movements  of  the  mercury  t/>  l>e  detected  with  the  eye. 
It  is  necessary  to  magnify  it  either  with  a  microscope 
or  a  projection  lantern.  Ordinarily  tl'.e  electrometer 
is  so  made  that  it  can  be  placed  upon  the  stage  of  the 
microscope  and  the  capillary  be  brought  into  focus 
at  the  moniscuH,  as  shown  in  f/,  Fig,  41.  By  means  of 
proper  apparatus  the  movement  can  he  photographed 
and  tiius  a  permanent  record  l>e  obtained  of  the  direc- 
tion and  extent  of  movement  of  tlie  mercury, 
Non-polarizahle  Electrodes, — In  connecting  a  muscle  or  nerve  to  an  eleo 
trometer  or  galvanometer  it  is  necessary  that  the  leading  off  electrodes — 
that  is,  the  pomt  of  contact  bctwe(»n  the  wires  imd  the  muscle  or  nerve — 
shall  be  iso-electric  and  non-polarizable.  By  iso-electric  is  meant  that  the 
two  electrodes  have  the  same  electrical  i)otential,  and  it  is  obvious  that  the 
leading  off  electrodes  must  fulfil  this  condition  approximately  at  least,  since 
otherwise  the  current  obtained  from  the  muscle  or  nerve  could  not  be  attrib- 
uted to  differences  in  potential  in  the  tissue  itself;  it  would  be  shown  by  any 
other  moist  conductor  connecting  the  two  electrodes.  Two  clean  platinum 
electrodes  would  fulfil  this  condition.    A  more  serious  difficulty  is  found  in 


F'lK.  44. — ^Toshow 
the  structure  of  a  non- 
poiari  za  ble  elec  t  rode : 
1 ,  The  pad  of  kaolin  or 
filter  paper  moistened 
with  physiologicaLl  sa- 
line (NaCl,  0,7  per 
cent.)  (this  la  placed  on 
the  tissue);  2.  the  sat- 
urated solution  of  sine 
sulphate;  (.3)  the_  bar 
of  amalgamated  zinc. 
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tbr  polarisation  of  mrtallic  plpctrodMt.  Whenever  a  mot al  conductor  and  a 
bcnud  coiidurt')r  romi'  into  contact  there  is  apt  to  be  polarization.  \Miat 
xJkm  piftor  mav  Ijo  reprc«rnte(i  by  the  following  ijiugniin,  in  wlijcli  a  current 
IB  ■ufjfnHBi]  to  fx?  ptuaing 

+      v      +      + 

Na        Na        Na        Na 


CI        CI 


CI 


CI 


lIcH  A  and  C  t!)rough  a  solution  of  sodium  chlorid.  During 
the  current  the  eatiouK,  Na,  with  their  positive  charges 
h«  rallitNlc;  ut  the  cathode  the  free  f^odiuui  ion  ac\»  uiK)a 
wai«r.  HH(),  forminK  S'aOH  and  HberafinK  hydrivK*'n,  which  accuniu- 
I  upon  iho  cathode  in  the  form  of  gas.  The  iininnn,  CI,  with  ihcir  m'(£:Lliv»» 
t  move  towTvnl  the  ano^ie;  there  the  rhiorin  act.-*  u\xir\  tlie  waler.  fonn- 
ICI  and  liberating  oxygen.  In  con.Hc*qut*nce  of  thus  uccuxnuliition  of 
i  U|M>n  the  iK>le»  a  gas  bntter>-  is  formed,  in  which  (he  din^tion  of  current 
m  i^Kiiifft  tlmt  of  the  main  current,  that  in,  from  C  to  A.  It  is  obvious  that 
ia  qaantiLative  ji1udic8  of  the  electiical  current.'^  of  animal  tissues  polari- 
MlMfi  will  drtitrriy  the  accuracy  of  the  results;  the  demarcation  current 
«3l  whom  A  dimtnution  due  no!  to  changes  in  the  ncr\'c,  but  to  phy.-sico- 
^TTWH*^  changes  at  the  Icading-ofT  electrodes.  To  prevent  polarisation 
Pofa  Itrjrmoml  devi9e<l  the  non-polarizable  electrodes  consisting  of  zinc 
'uifai  immBned  in  zinc  nulphatc.  Theoreticully  any  mettll  in  a  tsolution 
» of  itJi  MUtA  may  iMiused,  but  e\p<'rience  shows  thai  theziiie-£inc  Milphatc 
ihrtmrk  »  miMt  nearly  perfect,  l^ach  electrode  where  it  cotnes  into  contact 
vitli  ihe  Unuc  U  made  of  one  of  thene  combinations.  Various  df>'ices  have 
born  uanL  For  instance,  the  electrode  may  be  construcieti  as  shown  in  tlie 
ifiMTam  (Fig.  44).  A  short  glass  tube  of  a  bore  of  about  4  mtns.  is  well 
— onv  end,  which  is  to  come  into  contact  with  the  nerve — is  filled,  as 
by  a  plug  of  kaohn  tnade  into  a  stiflf  putty  with  physiological  saline 
-  oC^aCl  (0.7  per  cent.).  The  kaolin  should  have  a  ncutnil  reaction 
MM  iiai«M  good  kaolin  is  obtainable  it  is  better  to  use  a  plug  made  of  clean 
fiteor  paper  macerated  in  physiological  saline  and  packed  tightly  into  the  end 
of  the  tube.  Above  this  plug  the  tube  is  tilled  in  lor  a  part  of  its  length  with 
a  ^kturated  solution  of  zinc  sulphate  into  wliich  is  tmrnerscti  a  b.ar  of  ainal- 
IpOMKlciti  cine  with  a  copper  wire  soldered  to  it^  end.  With  a  pair  of  such 
alagliode*  the  c<^mdtiction  of  the  current  through  the  nerve  or  muacle  to  the 
metelTif  part  of  the  circuit  may  be  represented  aa  follows: 


Zn        Zn        Na 

80,    SO,    a 


Na 

a 


+ 

Na 

a 


+ 

Zn 


+ 
Zn 


SO,       SO, 


Za 


TUm  Qquid  port  of  the  cirruit  comes  into  contact  with  the  metallic  part 
at  (he  :..-...—,  rif  Zn  and  ZnSO,.  .\t  the  cathode  it  may  lie  suppa-ied  that 
tb»  2t  instead  of  acting   upon  the  water  anti  lif)eratiug  hydrogen, 

..  ...    u;K»n   the   zinc  elei'trode;    at   the  anode  the  sulpliion  (?5<)j) 
I  the  line  mM«ad  of  the  water,  forming  ZnSU*.   In  this  way  i>olarization 
IpfavantaL],  and  by  the  consCrurtiou  of  the  electrode  the  living  tissue  ia 
|ki  into  contact  only  with  the  plug  of  kaoUn  moisteiietl  with  physio* 
)  aalinei    Such  electrorlea  are  indispensable  in  .'^tudving  the  eleotricai  phe- 
laaaof  living  tin^ues,  antl  also  in  all  investigations  [>earing  upon  the  polar 
t«  during  the  pibvuMco  of  an  electrical  current  from  a  butterv,     ( )rdinDrily, 
Bvor.  when  it  u  only  desired  to  stimulate  a  nen'e  or  iiubfcle,  metal  (plat* 
%)  alirtrcxlea  are  emplovod. 
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The  Action  Current  or  Negative  Variation. — Du  Bois-Rey- 

mond  proved  that  when  the  excised  muscle  or  nerve  is  stimulated 
its  demarcation  current  suffers  a  diminution  or  negative  variation. 
If,  for  instance,  the  excised  nerve  gives  a  demarcation  current  suf- 
ficient to  cause  a  deflection  in  the  galvanometer  of  50  mms.,  then 
if  the  nerve  is  stimulated  by  a  series  of  induction  shocks  the  galva- 
nometer will  show  a  lessened  deflection,  say,  one  of  40  mms.  The 
negative  variation  in  this  case  is  equal  to  10  mms.,  on  the  scale  of 
the  galvanometer  used.  It  has  been  shown  that  this  negative  varia- 
tion is  due  to  a  current  in  the  opposite  direction  whose  strength,  in 
the  example  given,  relative  to  that  of  the  demarcation  current  is 
as  10  to  50.  Frequently  the  phenomenon  of  the  negative  varia- 
tion is  known  also  as  the  action  current.  The  explanation  given 
for  this  action  current  is  that  the  nerve  or  muscle  when  excited 
takes  on  an  electrical  condition  which  is  negative  as  regards  any 
unexcited  or  less  excited  portion  of  the  nerve.  The  effect  upon  the 
demarcation  current  is  illustrated  in  the  accompanying  diagram. 

The  demarcation  current  in  a  nerve  is  led  off  to  a  galvanometer 
by  electrodes  placed  at  b  and  c.  When  the  nerve  is  stimulated  at 
o  the  excitation  set  up  passes  along  the  nerve,  and  wherever  it  may 
be  that  portion  of  the  nerve  is  thrown  into  an  electronegative  condi- 
tion. When  this  condition  reaches  a  point  at  which  it  can  influence 
the  galvanometer — that  is,  when  it  reaches  6,  it  will  diminish  the 
difference  in  potential  that  exists  between  b  and  c,  and  therefore 

reduce  the  current* 
_l_  flowing  from  b  to  c. 

Bernstein*  has 
shown  that  this  neg- 
ative condition 
moves  in  the  form  of 
a  wave.  That  is,  at 
any  point  the  nega- 

Fig.  45.~Sch©ma  to  indicate  the  method  of  detecting  tlVlty    gTOWS     tO     a 

the  action  current  in  a  stimulated  excised  nerve:    b  and  c,  maxLtnum  and  then 

the   leading  off  electrodes,  one  on  the  longitudinal,  one  on  i«-»i                »«■ 

the  cut  surface;    the  demarcation  current   passes  throui^  dinuniShCS.        Moie- 

the  e&lvanometer,  g,  in  the  direction  of  the  arrows;  a,  stimu-  ,                  . 

lating  electrodes  from  induction  coil ;   the  stimulus  causes  a  OVer,  it  traVelS  at  ft 

negative  condition, — which  passes  along  the  nerve;    when  j   c    'a               i        •<. 

thu   reaches  b  it  causes  a  partial  reversal  of  the  demaraa-  aenmte     VeJLOClby 

tion  current,  giving  the  negative  variation  or  action  cur-  which      Is      easilv 

measured.  Accord- 
ing to  his  experiments,  the  velocity  of  this  wave  in  the  frog's 
motor  nerve  is  from  25  to  28  meters  per  second,  and  the  length 
of  the  wave  is  about  18  mms.  Hermann,  on  the  contrary,  be- 
lieves that,  in  the  excised  nerve  at  least,  the  length  of  the  wave 
may  be  greater,  reaching  perhaps  140  mms. 

♦Bernstein,  " Untereuchungen  Qber  den  Erregungsvorgang  im  Nerven 
und  Mudcelsysteme,"  Heidelberg  1S7L 
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Umbb  figures  will  vary  naturally  for  the  nerves  of  different  aiii- 
\  or  for  diCTerent  nerves  in  the  same  animal,  fur  it  must  always 
f  remembeird  that  ner\'e  fibers,  whose  functions  in  general  are  so 
rim  liar,  ilifTcr  much  in  obvious  microscopical  stnicture  and  probably 
'■  widely  in  their  chemical  composition.  Using  an  analogy  that 
ir,  we  may  say  that  when  a  stimulus  arts  upon  a  living 
nerve  a  wave  of  electronegativity  spreads  from  the  stimulated 
Cpot  and  travels  in  wave  form  witl  a  definite  velocity,  just  as  water 
I  radiate  from  the  spot  at  which  a  stone  is  thrown  into  a  quiet 
A  similar  phenomenon  occurs  in  muscle  fibers  when  stimu- 
but  the  negative  condition  travels  over  the  muscle  filler  at  a 
^)eed,  3  to  4  meters  per  second  in  frog's  nmscle,  and  with  a 
^Ave  length,  according  to  Bernstein^  of  only  10  rniixs,  Tliis  wave 
of  DCgativity  in  the  muscle  begins  during  the  latent  period  and, 
therefore,  precedes  the  actual  shorteninR  at  iiny  point. 

llus  phenomenon  of  a  negative  electrical  condition  traveling 
over  the  nerve  or  muscle  and  giving  us  an  action  current  when  led 
off  through  a  galvanometer  is  of  the  greatest  physiological  impor- 
laiiee,  particularly  in  the  study  of  nerves.  It  has  been  shown 
thet  in  the  nerve  this  wave  of  negativity  marks  the  progrciw  of  the 
|ve  of  excitation,  and,  since  we  can  study  its  progress  by  means 
» galvanometer  or  capillary  elcctn)meter,  we  can  thus  study  the 
titabiUty  and  conductivity  in  ner\'es  when  removed  from  con- 
ction  with  their  end-orgaas.  That  the  negative  wave,  or  the 
Action  current  that  it  gives  rise  to,  is  an  invariable  sign  of  the 
penage  of  an  excitation  or  ncr\'e  impulse  is  shown  by  the  facts 
_that  rt  is  absent  in  the  dead  nerve,  and  that  in  the  living  nen-e  it  is 
iuctnl  by  mechanical  *  chemical,!  and  reflext  stunulations,  aa 
as  by  the  more  usual  method  of  electrical  stimulation. 
Monophasic  and  Diphasic  Action  Currents. — According  to 
Ihe  conception  of  the  action  current  given  above,  it  Is  evi<ient  that 
it  flhould  be  obtained  upon  stimulation  when  a  living  noniial  nerve 
IS  connected  at  any  two  points  of  its  course  with  a  galvanometer  or 
c&pillar>'  electrometer.  The  detection  of  the  current  under  such 
conditions  offers  more  difficulties,  because  it  is  diaphasic,  as  will 
be  »cen  from  the  accompanying  diagram  (Fig.  46).  The  figure 
represents  a  normal  nerve  led  off  to  the  galvanometer  from  two 
points,  b  and  c,  of  its  longitudinal  surface.  As  these  points  in  the 
imifljurerl  n«r\'e  have  the  same  potential,  no  current  is  shown  by 
the  galvanometer.  If  the  nerve  is  stimulated  at  a  by  a  single 
■tinsulus^  a  negative  condition  or  charge  passes  along  the  nerve. 
it  reach«i  the  point  6.  there  will  be  a  momentan.'  current 

•  Sn.;.i,...>li    '-^PfliiffiVH  Archiv,"  55,  487,  18M. 
r'fl  Archiv,"  25,  255,  1881. 
'  r's  Arciuv,"  84,  and  90,  1901-1902. 
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through  the  galvanometer  from  c  to  6;  as  the  charge  passes  on 
to  c,  this  point  in  turn  will  become  negative  to  6,  and  there  will 
be  a  momentary  current  through  the  galvanometer  in  the  other 
direction.  The  diphasic  current  that  occurs  under  these  con- 
ditions cannot  be  detected  by  the  ordinary  galvanometer,  even 
when  a  series  of  stimuli  is  sent  into  the  nerve  at  a,  since  the 
movable  system  in  this  instrument  has  too  much  inertia  to 
respond  to  such  quick  changes  in  opposite  directions.  With 
the  more  mobile  string-galvanometer  or  capillary  electrometer 
the  diphasic  currents  have  been  demonstrated  successfully.  In 
laboratory  investigations  one  of  the  leading  off  electrodes,  c, 
is  usually  placed  on  the  cut  end  of  the  nerve.  Under  this  con- 
dition the  action  current  becomes  monophasic  and  shows  itself 
as  a  negative  variation  of  the  demarcation  current.  This 
difference  is  due  to  the  fact  that  the  negative  condition  accompany- 
ing or  constituting  the  wave  of  excitation  undergoes  a  decrement 
as  it  enters  a  region  in  which  a  negative  condition  already  pre- 
vails. Therefore,  when  the  leading-off  electrodes  are  placed  so 
that  one  is  on  the  longitudinal  and  one  on  the  cut  surface,  the 
change  of  potential  accompanying  the  excitation  will  affect  only 
the  first  electrode  (h)  and  give  a  monophasic  variation,  which  can 
now  be  shown  by  the  usual  galvanometer,  provided  a  series  of 
stimuli  is  thrown  in  at  a. 


Fig.  46. — Schema  to  show  the  arrangement  for  obtaining  a  diphasic  action  curreDt. 
The  arrangement  diffeni  from  that  in  P'ig.  42  only  in  that  both  leading  off  electrodes,  b  and 
c,  are  placed  on  the  longitudinal  Burfa<%.  No  demarcation  current  is  indicated.  When 
the  nerve  i^  stimulated  at  a  the  negative  charge  reaches  6  fimi,  causing  a  current  throu^ 
the  galvanometer  from  c  to  b.  Subsequently  it  reaches  c  and  causes  a  second  ouirent 
in  the  opposite  direction  from  h  to  c. 

The  PosUive  Variation, — It  happens  not  infrequently  that  when  one 
electrode  is  placed  upon  the  cut  end,  the  ner\'e  upon  stinmlatJon  with  a  series 
of  induction  shocks  gives  a  ix>sitive  instead  of  a  neeative  variation  of  the 
demarcation  current.  This  result  is  usually  explainea  aa  bein§  due  to  a  pre- 
dominance of  the  anelcctrotonic  currents  (see  below).  When  this  phenomenon 
occurs  it  can  usually  be  avoided  by  making  a  fresh  section  at  the  end  of  the 
nerve. 

Detection  of  the  Action  Currents  by  the  Rheoscopic  Frog 
Preparation  or  by  the  Telephone.— The  motor  nerve  of  a  nerve- 
muscle  preparation  from  a  frog  is  so  extremely  irritable  to  electrical 
currents  that  it  may  be  used  instead  of  a  galvanometer  to  detect 
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the  action  currents  in  a  etimulated  muscle.  A  nerve-muscle  prep- 
ftntion  used  for  this  purpose  is  knoN\-n  as  a  rheoscopic  preparation. 
Tbe  way  in  which  it  is  used  is  intiic^ited  in  the  accompanying 
(fiagfrnm.  b  represents  the  rheoscopic  preparation,  its  nerN'e  being 
laid  upon  the  muscle  whose  currents  are  bein^  investigated,  a,  so  as 
lo  touch  the  cut  end  (x)  and  the  longitudinal  surface  (y).  Wlien/i  ia 
gliinulated,  citlier  directly  or  through  its  nerve,  as  represented  in  the 
diagrain,  tlio  negative  changes  that  pass  along  the  muscle  fibers  of 
fl  with  each  stimulus  cause  action  currents  that  will  be  led  off 
tkfOQ^  the  ner\'e  of  b  from  xiog.  If  the  nerve  is  in  a  sensitive  con- 
dUkm  it  will  be  stimulated  by  the  action  currents  and  thus  a  series  of 
cxdtationa  will  be  sent  into  b  corresponding  exactly  in  rate  with 
the  artificial  stimuli  given  to  tlie  nen-c  of  a.  T\\c  rJieoscopic 
preparation  may  be  used  \ory  beantifully  to  demonstrate  the 
aelkiCl  current  in  the  contracting  heart  mtiscle.  If  thp  nerve  of 
i  u  laid  upon  the  exposed  beating  heart  of  an  animal,  the  muscle 
of  b  will  give  a  single  twitch  for  each  beat  of  the  ventricle.  An- 
other interesting  method  of  detecting  the  action  currents,  particu- 
Juiy  in  ner\-ea,  is  by  means  of  the  telephone.  Wetienski  has  made 
use  of  this  metliod,  the  telephone  being  connected  with 


F^  47. — 3eh«ni»  lo  ihow  the  UT»Dg»in«nt  of  »  rheo«copie  museU-nerve  preparstioo: 
JL  TW  nrnammnpke  »uaete-o»rve  praparmtion,  the  n«rv«  beincamuiced  to  touch  the  out  but- 
•a4  tiM  loaciiodittkl  MiKane  ot  th«  nm»M-l<>,  a,  whoM  action  purrent«  are  to  be  detoeted. 
■  tte  aarv  of  a  ia  atimulatecl  each  rontractinn  of  this  muaclc  U  follow«d  by  a  oontrmo* 
aff^K.rfiUM  tmah  contraction  nf  a  i*  aooompanied  by  fto  motion  eumat  whieh  paaiM 
of  6  and  stimulate*  iu 


tibe  nerve  in  place  of  the  galvanometer.  The  method  has  obvious 
advantages  in  the  fact  that  it  may  be  used  with  a  nerve  to  which 
Ihe  muscle  is  also  attached,  so  that  the  excitation  prooesst^s  in 
llw  000*6  and  their  effect  upon  the  muscle  may  be  studied  simul- 
Uneouidy. 

Relation  of  the  Action  Current  to  the  Contraction  Wave 
\  MuBcle  and  to  the  Excitation  Wave  (Nerve  Impulse  i  in  Nerve. — 
wtion  current  or,  t^i  l)e  more  ar-cunitc,  tlic  moving  negative 
pcft^mti&l,  which  gives  rise  lo  an  action  current  when  two  points 
of  the  ruuAcle  arc  led  ofiT  to  a  galvanometer,  has  Ijeen  shown 
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by  BenLslein  to  precede  the  wave  of  contraction  in  muscle;  that 
Is,  in  a  stimulated  muscle  fiber  the  electrical  change  at  any  point 
precedes  the  mechanical  process  of  sliortening.  This  relation- 
ship is  shown  in  the  aceompanying  illuKtration  (Fig.  48),  in  which 
the  mechanical  contrartjon  (movement  of  the  lever)  is  photo- 
graphed simultanrausly  with  the  movement  of  the  string  of  the 
string-galvanometer  which  indicates  the  electrical  change.  Aa 
the  figure  shows  the  electrical  ehange  is  diphiisic,  owing  to  the  op- 
posite effects  on  the  galvanometer  of  the  change  of  potential  at 


Fiji.  4N.-  SirniitutDcoutt  record  of  llm  niw  lianiral  ft[Kt  clfrtrical  chaniCP  in  a  rontrartins 
muBclr:  I,  Mi'rimniral  curve  of  cootrat'tion,  phntoKrtiph  of  the  Ifver;  2.  inovcmrnt  of  the 
etrioK  of  the  flirinji-Kfilvuioinct^r  (uwinii  lo  itn  fi»intni*8ii  it  was  nprc»wir>"  to  retouch  this 
cun't');  morenipnt  iipwurd  indirateii  ao  inrreaae  of  ai-gativip  pntpntiat  at  the  upp'-r  end  of  the 
ruu»rlc;  .3.  time  rward  in  hun^^IrHth*  of  a  aerond;  4.  the  fltimulattnf;  lever;  the  hrrak  in  the 
line  iadiratcs  the  iiiomeDt  of  t«^itriHg9ation;  on  tbe  curve  of  conlrurtion  (1)  thia  nionient  U 
indiciitcd  by  x;  on  the  rurve  shuwiaK  the  mDvcntcnt  of  the  Htrinfc  (2)  thn  aamc  iofltant  ie 
marked  by  the  arnall  nick  in  thf  i-urve  precedinic  the  large  wave  caused  by  the  fJet-iriral 
rbaojto.  Thf  curve  wa«  ohtnine^l  from  the  Kasirornrmius  niusrle  of  a  froR.  stimulated 
throuK^i'  il»  nerve  by  a  (tingle  indurtion  cihork,  contrat^iiun  i^ulnmr.  The  lejuiintt-ofT  rlertrwlfa 
were  plared  hi  the  endfl  uf  the  niusrle;  Kalvunomcccr  RirinK  iin<ler  teiu»ion.  Th<*  eleetric  curve 
is  dipnasie,  and  txith  phasra  are  completed  witbiu  tbe  latent  period  ut  contraction  iSnj/dfr). 


the  two  points  lead  off  to  the  galvanometer,  but  the  first  phase, 
which  begins  almost  immediately  on  stimulation,  is  completed 
before  the  muscle  begins  to  sfiorten.  We  may  suppose  that 
the  electrical  change  is  an  indiciJtion  of  the  excitation,  or  pos- 
sibly constitutes  the  excitation  that  sets  up  the  chemical  thange 
of  contraction,  or  else  that  the  change  in  electrical  potential 
is  caust^d  by  the  chemiea!  change  of  contraction  and  precedes 
the  mechanical  result  of  shortening,  since  the  latter  process 
m\\  have  a  certain  latent  periotl.  It  has  been  shown,  indeed, 
by  Demoor  that  a  completely  fatigued  nm.scle  may  still  con- 
duct an  excitation  fmuHcle  impulse),  although  unable  to  con- 
tract, and  the  same  fact  has  been  demonstrated  by  Engelmaon 
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for  the  heart  muscle.     In  the  ner\'e  the  action  current,  or  the 

oepx\i\e  change  causing  it.  has  been  considered  ti^  simultaneous 

tilh  or  possibly  identical  with  the  nerve  impulse.     The  velocity 

rftiie  two   Ls  i<lentical;  the  action  current  is  given  whenever  the 

nen-e  is  stimulated,   and.  so  far  as  experiments  have  pone,   the 

^ne  cannot    enter   into    activity   without    showing    an    action 

furrrnt, — that  i.s.   without  showing  a  moving  elortrica!   fhange. 

HTinher  xhh  electrical  change  constitutos  the  nerve  iinpuLse  or 

t^  simply  an  accompnnyin«r  phenomenon  will  l)e  discus.se<l   hticHy 

in  ihe   pjiragraph   upon  the   nature  of  the  nerve  impulse  in  tlie 

following  rhapt-er. 

The  Electrotonic  Currents.— In  sj>eaking  of  the  effect  of 
pmng  a  galvanic  current  through  a  nerve  jittention  was  cjilled 
to  the  fart  that  the 
•mdition  of  the 
nerve  b  altered  at 
mh  pok'.  At  the 
uode  there  is  a  con* 
'litifto  of  decreased 
irritahilitj'  and  con- 
dacUvity  known  as 

tl  ''UI8  ;    a  t 

'  .  in  the 
Ivfinning.  at  least. 
i  condition  of  in- 
rnued  irrit-ability 
Inwwn  as  catelec- 
IroUmus.     In  addi- 

^  to  these  changes  in  the  physiological  properties  of  the  nerve 
*Wt  \6  a  change  also  in  its  electrical  condition  at  each  pole,  of 
wA  a  character  that  if  the  nerve  is  leil  off  from  two  points  on 
the  Anode  Bide  a  current  will  l>e  indicated.  Tlie  current  can  l>e 
ob(«Ded  at  a  considerable  distance  from  the  anode,  and  is  known 
>•  thp  anelectrotonic  current,  while  the  electrical  coadition  in  the 
w>e  that  makes  it  possible  is  designateri  m  anelectrotonus.  A 
WBilar  current  can  be  led  off  from  the  nerve  on  the  cathode  side 

f  4 considerable  distance  l)eyond  the  cathode;   this  is  known   as 
c&telectrotonic   current,   and   the   elet^trical   condition    leading 
^  it«  production   as  catelectrotonus.      Within   the  ner\^e    these 

Ptrotonic  currents  have  the  same  dire*'tron  as  the  battery  or 
current,  as  is  shown  in  the  diagram  (Fig.  49),  The 
^on»  wjelectrotonus  and  catelectrotonus  are  used,  therefore, 
"*  pfaysiology  to  designate  both  the  physiological  and  the  elec- 
tricai  changes  around  the  poles  when  a  battery  current  is  led 


Fig.  4&. ^Schema  to  show  the  direction  of  the  eleo* 
trotonic  curronta  la  un  excise*!  nerve:  /',  The  baitrry  for 
(lie  polarixitiK  current  nent  into  the  nerve  at  +.  the  an* 
tnlo,  and  eyneruintc  at  — ,  the  cathiMde;  a*,  jculvunotiieter 
Hrrnii||T<i  with  leudiiis  qfl  electriMlcw  lo  delMt  the  aneleo 
trMiuiiic  current,  the  direction  uf  which  iis  indicated  by 
Che  arrows  (in  the  nerve  it  id  Ihe  ruime  ha  tlmt  uf  the  i.k>- 
tariiinic  current);  g,  Kalvanonieteroiniilorly  arruiiKT^I  to  fie* 
tect  the  catclectpjtonic  current.  The  aiiulectnitiniic  a.nd 
eatelcctrutunic  eurrenta  cunlinua  bx  lung  tia  the  pularizing 
•lUTont  is  maintained. 
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into  a  nerve.  Whether  the  physiological  and  the  electrical  changes 
have  a  causal  connection  or  are  two  independent  phenomena  is 
at  present  undecided. 

Bethe*  has  shown  that  during  the  passage  of  the  polarising  currait 
the  neurofibrils  in  the  axis  cylinder  lose  at  the  anode  their  power  of  stain- 
ing with  certain  basic  dyes  (c.  g..  methylene  blue),  while  at  the  cathode  the 
affinity  for  these  dyes  is  increasea.  He  assumes,  that  in  the  neurofibrils  thero 
is  an  acid  substance — fibril  acid — and  that  at  the  anode  the  combinatioa 
with  this  body  and  the  neurofibrils  is  loosened;  hence  the  loss  of  staining 
power.     At  the  cathode  the  reverse  change  takes  place.     He  assumes  further- 


-H3 
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Fiff.  50. — ^To  show  the  action  of  the  c»>re-inodel :  p.  The  polarinng  current;  g*  and 
o,  the  galvanometers  with  leading  off  electrodes  to  detect  the  anelectrotonic  and  cateleo- 
trotonic  currents,  respectively. 

more,  that  when  the  affinity  between  neurofibril  and  fibril  acid  is  increased 
at  the  cathode  an  electronegative  ion  is  liberated  (anion),  while  at  the 
anode  at  the  time  that  the  combination  between  fibril  and  fibril  acid  is  dis- 
sociated an  electropositive  ion  fcation)  is  liberated.  In  this  way  he  constructs 
an  hypothesis  of  a  complex  or  neurofibril,  fibril  acid,  and  electrolyte  which 
is  capable  of  accounting  for  the  electrotonus,  both  as  r^ards  the  electrical  and 
the  {>hysiological  phenomena,  and  which  refers  both  phenomena  to  a  single 
reaction  in  tne  nerve. 

Another  explanation  of  the  electrotonic  currents  which  has  been  much 
discussed  is  thai  first  developed  by  Hermann. t  This  author  constructed 
a  model  consisting  of  a  conductor  surrounded  by  a  less  conductive  liquid 
sheath,  and  showed  that  siu-h  a  model  is  capable  of  giving  the  electrotonic 
currents.  This  model  may  be  made  as  represented  in  the  accompanying 
diagram,  of  a  glass  tube  A-B^  tlirough  the  middle  of  which  is  stretched  a 
platinum  wire,  P,  the  rest  of  the  tube  being  filled  with  a  saturated  solution 
of  zinc  sulphate.  The  glass  tube  Is  provided  with  vertical  branches  by  means 
of  which  a  polarizing  current,  p,  can  be  sent  into  the  solution  of  zinc  sulphate 
and  the  electrotonic  currents  be  led  off  to  galvanometers,  g*.  g,  on 
each  side.  Under  these  conditions  a  current  similar  to  the  anelectrotonic 
current  can  be  detected  on  the  side  of  the  anode  (^)  and  one  equivalent  to 
the  catelectrotonic  current  on  the  side  of  the  cathode  (g).  The  explanation 
given  to  these  currents  is  that  as  the  tlu^ads  of  current  pass  mto  the  platinum 
core  there  is  a  polarization  at  the  surface  between  the  core  and  the  zinc  sul- 
phate solution  which  extends  to  a  considerable  distance  on  each  side  of  the 
electrodes  and  causes  diffusion  currents  from  sheath  to  core.  It  is  these 
threads  of  current  that  may  be  led  off  as  electrotonic  currents.  Hermann 
suggested  that  in  the  nerve  we  have  a  structure  essentially  similar  to  that 
of  tiie  core  modeL  He  thought  that  the  axis  cylinder  might  be  considered 
as  representing  the  core  and  the  myelin  the  less  conductive  sheath  corre- 
sponaing  to  tlie  zinc  sulphate  solution.    Others  (Boruttau)  have  suggested  that 

*  Bethe,  "  AUgemeine  Anatomie  u.  Physiol,  des  Nervensystems,"  Leipzig, 
1903. 

t  Hermann,  "Handbuch  der  Physiologic,"  vol.  ii,  p.  174. 
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the  axis  cylinder  may  represent  the  core  or  eoros  and  the  sur- 
tfihuUD  the  plieath,  tims  providing  for  the  possibility  of  elerlro- 
in  non-medullate<i  filH'rs.     A.s  a  matter  of  fact,  the  non-medul- 
Shm»  in  manmiAls  give  very  slight  ele<'trotonic  currents  compared  with 
tiw  nMlnllat«xi  fih'er^  * 

Aecenling  to  llie  "core-model"  explanation,  the  electrotonic  currenta 
nfmSBt  A  purrly  physical  phenomenon ,  which  is  de|%ntlcnt,  however,  upon 
ACVtain  •trurture  of  the  nen-e.  That  i"',  a  completely  dead  ner\e  will  not 
Aov  IImm  rurretit^,  altliough  an  anesthetized  nerv-e,  in  the  mammal  (AValler) 
■I  im0tf  ooDtinues  to  show  them,  aiul^  aooording  to  Sosnowsky,  exoit^l  rab~ 
IJtff*  uai  v«s  kept  in  a  moi:^  atmosphere  may  »how  them  for  ftevcral  daya. 
Wkfls  tKe  core-model  hytx>the»iiM  ha.s  led  to  much  inve^igation  in  physiology 
■hI  liAft  heaD  made  the  Ivtsis  for  a  purely  phynical  explanation  of  the  ner\-e 
it  m  still  very  unoertiun  whether  it  fiimishea  any  positive  informa- 
"rnins  the  prooeaees  that  actually'  lake  place  in  the  living  ner\*e  wheo 
to  toe  action  of  eleetrioal  currentJ4  or  other  artificial  8tmiuli. 
*Alooek,  "Proooedinga  Royal  Society."  1904,  73.  p.  106. 


CHAPTER  V. 

TEffi  NATURE  OF  THE  NERVE  BHPULSE  AND  THE 

NUTRITIVE  RELATIONS  OF  NERVE  FIBER 

AND  NERVE  CELL. 

The  question  of  the  nature  of  the  nerve  impulse  has  alwa}^ 
aroused  the  deepest  interest  among  physiologists.  It  has  eons^ 
tuted,  indeed,  a  central  question  around  which  have  revolved  vari- 
ous hypotheses  concerning  the  nature  of  living  naatter*  The  impoi^ 
tance  of  the  nerves  as  conductors  of  motion  and  sensation  was 
apparent  to  the  old  physiologists,  and  the  nature  of  the  conduction 
or  the  thing  conducted  was  the  subject  of  many  hypothecs  and 
many  different  names.  For  many  years  the  prevalent  view  was 
that  the  nerves  are  essentially  tubes  through  which  flows  an  ca^ 
ceedingly  fine  matter,  of  the  nature  of  air  or  gas,  known  as  the 
animal  spirits.  Others  conceived  this  fluid  to  be  of  a  grosser  struo 
ture  like  water  and  described  it  as  the  nerve  juice.  With  Galvanili 
discovery  of  electricity  the  nerve  principle,  as  it  was  called,  became 
identified  with  electricity,  and,  indeed,  this  view,  as  will  be  ex- 
plained, occurs  in  modified  form  to-day.  Du  Bois-Reymond, 
after  discovering  the  demarcation  current  and  action  current  in 
muscle  and  nerve,  formulated  an  hypothesis  according  to  which  the 
nerve  fibers  contain  a  series  of  electromotive  particles,  and  by 
this  hypothesis  and  the  facts  upon  which  it  was  based  he  thought 
that  he  had  established  that  "  hundred-year-old  dream"  of  phys- 
icists and  physiologists  of  the  identity  of  the  nerve  principle 
and  electricity.  His  theory  to-day  has  fallen  into  disrepute,  but 
the  facts  upon  which  it  was  based  remain,  as  before,  of  the  deepest 
importance.  In  the  middle  of  the  nineteenth  centiuy  those  who 
were  not  convinced  of  the  identity  of  the  nerve  principle  mth 
electricity  believed,  nevertheless,  that  the  process  of  conduction 
in  the  nerve  is  a  phenomenon  of  an  order  comparable  to  the  trans- 
mission of  light  or  electricity,  with  a  velocity  so  great  as  to  defy 
measurement.  But  in  this  same  period  a  simple  but  complete 
experiment  by  Helmholtz  demonstrated  that  its  velocity  is,  as 
compared  with  light  or  with  electrical  conduction  through  the  air 
or  through  metals,  exceedingly  slow, — 27  meters  per  second. 
Modem  views  have  taken  divergent  directions;  the  movement 
or  excitation  that  is  conducted  along  the  fiber  has  been  named 
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nenre  principle,  the  nerve  energ^v,    the  nerve  force,  the  nerve 

dpulse.     As  the  latter  term  is  less  specific  regarding  the  nature 

the  movement,  and  eniphasizes  the  fact  of  the  conduction  of  an 

disturbance  or  pulse,  it  seems  preferable   to  employ   it 

&  more  satisfactor>'  .solution  of  its  nature  has  been  reached. 

The  Velocity  of  the  Nerve  Impulse.— The  determination  of 

reJodty  of  the  ner\'e  impulse  was  first  made  by  Helmholtz* 

the   motor  ncr\'es  of  frogs.     His  experiment    consisted   in 

the  sciatic  nerve,  first,  near  it^  ending  in  the  muscle 


Ti^  41. — It^ford  to  show  the  m«thod  of  astlmfttintc  the  ^'vlo<>ity  of  th^  ner\-e  impuLM 

Moitaff  ni  II n      Tbe  expaiizxwnt  waa  mAde  upon  a  u«rve-niU'<rle  prciiaration  from  the 

thm  unMrmeiitms  brine  recorded  upon  the  rapidly  movnnK  plate  of  a  peodulum  myo- 

Tvt>  eonlrMttiotu  were  obtained,  the  first    (a)   wben   the  nerve  wu  Hlimulated 

lOHcte.  the  «eeond   (&)  when  the  ner\-e  wu  Rtimulnted  ms  far  %m  poeaible  from  tbe 

>  latent  period  of  the  lecond  ontractinn  wan  lon^r.  mit  shown  by  the   diatanoe 

cunnM  mcaMirad  on  the  Line  t.     Tfie  vnlue  of  thi»  Hifitanoe  in  time  u  obtained 

to  tbe  record  of  a  tuning  fork  vihruiiriK  lOO  ttmF»<  (jer  MK-r>nd,  wliich  i»  given 

line.    In  the  experiment  the  Ir'ngth  of  a  tuointc   fork  wMve  (0.01  t«r.)  wan  21 

dfCanee  between  tlie  two  mu>KciilAr  contnurtionn  was  3.35  mrnii..    anil    rh^   di»- 

■aett  tlie  potnCaatimuUted  upon  (he  nerva  wa«  40iiima.  Heooe  the  velocity  <if  tbe 

lUe  ia  thiaexpenmrnt  wa«  40  divided  by  (/(^X  yi^)  or  30716mm-  OOTlBm.) 


•reond.  near  its  origin  from  the  cord,  and  measuring  the  time 
that  dapeed  in  each  ca.se  between  the  moment  of  stimulation  and 
the  nonieiit  of  the  muscular  respon.sc.  It  was  foun<i  that  when 
the  nerve  vas  stimulated  at  its  far  end  this  time  interval  was 
and  since  all  other  conditions  remained  the  same  this  dif- 
in  time  could  only  be  due  to  the  interval  required  for  the 
impulse  to  travel  the  longer  stretch  of  nerve.     In  the  accom* 

•  HrimhoUt,  "Muller'fl  Archiv  f.  Aiiat.  u.  Phyaiol./'  1852,  p.  199. 
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panying  figure  the  record  of  a  laboratory  experiment  of  this  kind 
is  reproduced.  Knowing  the  difference  in  time  and  also  the  length 
of  nerve  between  the  points  stimulated,  the  data  are  at  hand  to 
calculate  the  velocity  of  the  impulse.  The  velocity  varies  with  the 
temperature.  According  to  Hehnholtz,  this  variation  lies  betwe^ 
24.6  and  38.4  m.  per  second  for  a  range  of  temperature  between  11** 
and  21°  C.  For  average  room  temperatures  we  may  say  that  m 
the  motor  nerves  of  the  frog  the  impulse  travels  with  a  velocity 
of  28  to  30  meters  per  second.  Similar  experiments  have  been 
made  upon  man  and  other  mammals.  Helmholtz  stimulated 
the  median  nerve  in  man  at  two  different  points  and  recorded 
the  resulting  contractions  of  the  muscles  of  the  thumb.  By 
this  means  he  obtained  an  average  velocity  of  34  m.  per  second, 
but  others,  making  use  of  the  same  method,  have  reported 
varying  results.  Piper*  has  applied  the  string-galvanometer 
to  the  investigation  of  this  point.  Using  the  imipolar  method, 
he  stimulated  the  median  nerve  with  induction  shocks,  the  active 
electrode  being  applied  at  the  elbow  and  at  the  axilla  at  a  distance 
apart  of  from  160  to  170  mm.  The  muscular  response  was 
recorded  not  by  registering  the  contraction,  but  by  means  of  its 
action  current.  When  the  stimulus  was  applied  at  the  elbow  the 
interval  between  the  stimulation  and  the  electrical  response 
averaged  0.00442  second;  at  the  axilla  the  interval  was  0.00578 
second.  The  difference,  namely,  0.00136  second,  gave  the  time 
necessary  for  the  impulse  to  travel  over  160  to  170  mm.  of  nerve, 
and  indicated  a  velocity  of  117  to  125  m.  per  second. 

It  is  interesting  to  recall  that  only  six  years  before  Helmholtz's  first  pub- 
lication .Tohannes  Miiller  had  stated  that  "we  should  never  find  a  means  of 
determining  the  velocity  of  the  nerve  impulse,  since  it  would  be  impossible 
to  compare  points  at  great  distances  apart,  as  in  tlie  case  of  the  movement 
of  light.  "  The  time,"  said  he,  "  required  for  the  transmission  of  a  sensation 
from  the  periphery  to  the  brain  and  the  return  reflex  movements  of  the  mus- 
cles is  innnitely  snjall  and  unmeasurable."  The  mode  of  reasoning  by  which 
Helmholtz  was  led  to  doubt  the  validity  of  this  assertion  is  interesting.  He 
says  (** Muller's  Archiv,"  1852,  3.'i0):  "As  long  as  physiologists  thought  it 
necessary  to  refer  ner\'e  actions  to  the  movement  of  an  imponderable  or 
psychical  principle,  it  must  have  appeared  incredible  that  the  velocity  of  thia 
movement  could  be  measured  within  the  short  distances  of  the  animal  body. 
At  present  we  know  from  the  researches  of  du  Bois-Reymond  upon  the  electro- 
motive properties  of  nerves  that  those  activities  by  means  of  which  the  con- 
duction of  an  excitation  is  accomplished  are  in  reality  actually  conditioned 
by,  or  at  least  closely  connected  with  an  altered  arrangement  of  their  material 
particles.  Therefore  conduction  in  nerves  must  belong  to  the  series  of  edf- 
propagating  reactions  of  ponderable  bodies,  such,  for  example,  as  the  con- 
duction of  sound  in  the  air  or  elastic  structures,  or  the  combustions  In  a  tube 
filled  with  an  explosive  mixture."  One  of  the  first  fruits,  therefore,  of  the 
scientific  investigation  of  the  electrical  pro|jerties  of  the  nerve  fiber  was  the 
discovery  of  the  important  fact  of  the  velocity  of  the  nerve  impulse. 

*  Piper,  "  Archiv  f.  d.  ges.  Physiologic/'  1908,  124,  591. 
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Numerous  efforts  have  been  made  to  detennine  the  velocity 
of  the  nerve  inipuL^  in  mcdidlated  seasory  fillers.  The  resulta 
have  not  been  entirely  satisfactory.  The  end-organ  in  this  case  is 
the  cortex  of  the  cerebrum,  and  its  reaction  consists  in  arousing  a 
muation,  or  a  reflex  action.  Neither  end- react  ion  can  l^e  meas- 
ttnd  directly.  Attempts  have  been  made  to  determine  it  indi- 
rBcUy  by  noting  the  time  of  a  voluntarj'  muscle  response  for  sensory 
stimuli  applied  to  the  skin  at  different  distances  from  the  spinal 
ucfe.  In  such  causes  the  sensorv'  impulse  travels  to  the  cord,  tlience 
to  Kbe  brain,  and  the  return  motor  impulse  travels  from  brain  to 
cofd  and  then  by  the  motor  nerves  to  the  muscle  used  for  the  re- 
JpooM.  The  results  of  this  method  have  been  discordant,  owing 
prebabl>'  to  the  fact  that  the  central  paths  from  two  different  points 
flo  the  Akin  are  not  identical.  It  is  usually  assumed — without, 
hflwavvi,  verj'  convincing  proof — that  the  velocity  of  the  impulse 
ra  the  meiiullated  afferent  nerve  fibers  is  tlie  same  as  in  the 
fffcrent  fibers,  A  large  number  of  observations  are  on  record 
vhich  show  tliut  the  velocity  varies  greatlj'  in  the  nerves  of 
differrnt  animals.  In  the  mammal,  according  to  Chauveau,  the 
velocity  f^ir  the  non-raedullatcd  fibers  is  only  8  meters  per  second; 
ia  the  lobster  it  is  6  meters  per  second;  in  the  octopus,  2  meters; 
in  the  olfactory  (sensory)  nerve  of  the  pike,  |  meter,  and  in  the 
ano*Jnn.  only  -yin  meter  per  second. 

Relation  of  the  Nerve  Impulse  to  the  Wave  of  Negativity. — 
A  fact  of  great  significance  is  that  the  velocity  of  the  impulse  in  the 
motor  nervea  of  the  frog  corresjwnds  exactly  to  the  velocity  of  the 
vave  of  negati\ity  as  measured  by  Bernstein.  Evidently  the  two 
phenomena  arc  coincident  in  their  pn)grcss  along  the  filler,  and 
plqndologists  generally  have  accepted  the  existence  of  an  action  cur- 
Ttal  as  a  proof  of  the  passage  of  a  ner\'e  impulse.  This  belief  is 
ftrcfigthexied  by  the  fact  that,  as  stated  above,  the  negat  ive  wave  ao- 
conpanks  the  nerve  impulse  not  only  when  the  nen'e  Ls  stimulated 
by  elDCtrical  currents,  but  ako  after  mechanical,  chemical,  or  reflex 
•tbnulatkm.  The  que^stion  has  been  raked  as  to  whether  this  elec- 
trical phenomenon  accompanies  the  normal  ncr\'c  impulse, — that  ia, 
tfaa  nerve  ixnpulae  that  originates  in  the  ner\'e  centers,  in  the  case 
of  motor  nerves,  or  in  the  peripheral  sense  organs  in  the  case  of  sen- 
aoiy  nerves.  In  reganl  to  the  latter  relation  we  have  positive  evi- 
daee  that  when  light  falls  iifx)n  the  living  retina  an  electrical  distur- 
bance h  produced  by  the  visible  rays  of  the  sj>ectrum,*  and  there 
fe  every  imson  to  Wlievc  tliat  the  passage  of  visual  imptil&es  along 
the  optic  ner\'e  is  accompanietl  by  an  electrical  cliango.  With 
nipud  to  normal  motor  impulses,  the  evidence  is  also  positive  that 
Motor  diacharges  from  the  central  nervous  system  ai'c  accompanied 

*8tm  ElathoTra  ami  Jolly,  "QuiirtiTly  Journal  of  Expcrimealul  Ph^'sioU 

eir.'*  I,  zrsi,  1908. 
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by  a  wave  of  electrical  potential.  This  fact  may  be  shown  by 
stimulating  the  motor  areas  in  the  cerebral  cortex  and  testing  the 
efferent  nerves,  such  as  the  sciatic,  for  an  action  current;  or  by 
stimulating  a  posterior  root  on  one  side  in  the  lumbar  r^on  and 
testing  the  sciatic  nerve  on  the  other  side  with  a  galvanometer.* 
Moreover,  all  influences  that  alter  the  velocity  or  strength  of  the 
nerve  impulse  affect  the  intensity  of  the  action  current  in  the  same 
manner.  It  is  believed  generally,  therefore,  that  the  electrical 
change  is  an  invariable  accompaniment  of  the  excitatory  wave, 
and  the  demonstration  of' an  action  current  in  a  nerve  is  tanta- 
moxmt  to  a  proof  of  the  passage  of  a  nerve  impulse,  t 

Direction  of  Conduction  in  the  Nerve. — The  fact  that  imder 
normal  conditions  the  motor  fibers  conduct  impulses  only  in  one 
direction — i.  e.j  toward  the  periphery — ^and  the  sensory  fibers  in 
the  opposite  direction — that  is,  toward  the  nerve  center — suggests, 
of  course,  the  question  as  to  whether  the  direction  of  conduction  is 
conditioned  by  a  fundamental  difference  in  structure  in  the  two 
kinds  of  fibers.  No  such  difference  in  structure  has  been  revealed 
by  the  microscope.  It  is  the  accepted  belief  in  physiology  that 
any  nerve  fiber  may  conduct  an  impulse  in  both  directions,  and 
does  so  conduct  its  impulses  when  the  fiber  is  stimulated  in  the 
middle  of  its  course.  An  entirely  satisfactory  proof  for  this 
belief  is  difficult  to  furnish  xmless  the  conclusion  in  the  preceding 

paragraph  is  ad- 
mitted— ^the  con- 
clusion, namely, 
that  the  electrical 
change  is  a  neces- 
^^\ji^  1 1  ^'■(Ty^     sary  and  invariable 

^'  /  accompaniment    of 

Fig.  52. — Schema  to  show  the  arrang^ement  for  proving  the    nCFVC    UnpulsC. 

the  propa^tion  of    the  negative  charge  in  both  directions:  tj.     •  4.     ^'tn       ix 

o.  The    stimulating    electrodes;    g    and    a*,    galvanometers  It     IS     UOt     alulCUlt 

with  leading  off  electrodes  arranged  to  show  the  negative  a„    „i.-^«,   U,..  , 

variation  on  each  aide.  tX)   SHOW    by  meanS 

of  a  galvanometer 
that  when  a  nerve  trunk  is  stimulated  the  wave  of  negativity 
spreads  in  both  directions  from  the  point  stimulated  and  gives 
an  action  current  on  either  side,  as  indicated  in  the  accompany- 
ing diagram.  This  fact  holds  true  for  motor  or  for  sensory 
fibers.  The  older  physiologists  attempted  to  settle  this  question 
in  a  more  direct  way,  but  by  methods  which  later  experiments 
have  proved  to  be  insufficient.    They  attempted,  for  instance,  to 

•  Gotch  and  Horsley,  "Phil.  Trana.,  Royal  Soc.,"  London,  1891,  vol. 
182  (B),  and  Boruttau,  ^Tfltiger's  Archiv,"  1901. 

t  For  a  more  extended  disciiBsion,  see  Keith-Lucas,  Croonian  Lecture, 
"Proceedings  of  the  Royal  Society,"  B,  85,  582,  1912. 
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unite  a  motor  and  senson*  trunk  directly,  to  cut  the  hypoglossal 
(nioCor)  and  the  Ungual  (sen.sor\')  and  suture,  say,  the  central  stump 
oi  the  lingual  to  the  peripheral  stump  of  the  hypoglossal.  If  stimu- 
latioQ  of  this  latter  trunk,  after  union  had  been  established,  gave 

of  sensation  it  wa.s  considered  as  proof  that  the  efferent  hypo- 
fibers  were  now  conducting  afferently.    We  now  know  that  in 

ft  case  the  old  hypoglossal  fibers  degenerate  completely,  and 

lew  ones  that  are  eventually  formed  in  their  place  are  out- 
from  the  lineal  stump,  or  at  least  are  nnt  the  old  efferent 
and  hence  experiments  of  this  kind  are  not  30  concltivsive 
u  they  nemed  to  be  at  the  time  when  it  was  supposed  that  severed 
nerve  fibcre  ran  imite  immediately,  by  first  int-ention,  without 
previous  degeneration.  A  similar  objection  applies  to  Paul  Bert's 
dten  quoted  experiment.     Bert  implanted  the  tip  of  a  rat's  tail 

the  «kin  of  its  back.     After  union  had  taken  plare  the  tail 
aevef«d  at  the  base,  and  the  stump  now  attached  to  the  back 

tested  from  time  to  time  as  to  its  sensibility.  Sensation 
leiufned  slowly.  At  first  it  was  indefinite,  but  by  the  end  of  a 
jrcer  was  apparently  normal. 

Modification  of  the  Nerve  Impulse  by  Various  Influences — 
lercosis— Temperature. — The  strength  of  the  impulse  and  its 
iifiHiy  may  be  modified  in  various  ways:  by  the  action  of 
temperature,  narcotics,  pressure,  etc.  Variations  of  tempera- 
ture, as  stated  before,  change  the  velocity  of  propagation  of  the 
impube.  the  velocity  increasing  with  a  rise  of  tenii>erature  up 
to  a  rertain  point.  So  also  the  irritability  as  well  as  the  con- 
ductivity of  the  nerve  fil;)er  is  influenced  markedly  by  tem- 
perature. If  a  small  area  of  a  nerve  trvink  Vie  cooled  or  heated, 
nerve  impulse  as  it  passes  through  this  area  may  be  increased 
deereased  in  strength  or  may  be  blocked  entirely.  DiflFerent 
ghow  somewhat  different  rejvctinns  in  this  respect;  but, 
speaking  generally,  the  limits  of  conductivity  in  relation  to 
temperature  lie  between  0**  C.  and  50°  C.  Cooling  a  nerve  to 
0**  C-  will  in  most  cases  suspend  the  conductivity,  but  this 
fvDction  returns  promptly  upon  warming.*  By  this  means 
we  ran  block  the  nerve  impulses  in  a  nerve  trunk  for  any  desired 
length  of  time.  The  exa<'t  relationship  between  the  temperature 
of  the  nerve  and  the  velocity  of  the  impulse  has  been  studied 
carefully  with  the  object  of  determining  the  temperature  coeffi- 
O0mL  It  has  been  shown  by  van't  Hoff  that  the  velocity  of 
chemical  reactions  is  incie-ase<i  twofold  or  more  for  each  rise  of 
10  degrees  in  temperature,  that  is,  the  temperature  coefficient 

Kmical  reactions  lies  between  2  and  3.     On  the  other  hand, 
lost  physical  processes  the  temjwrature  coefficient  for  the 
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same  range  of  temperature  lies  around   1  or  between    1   and 

2.     Snyder*  funis,  un  cimiparing  the   velocities  of  the  iiiJi)ulse 

at  different  temperaturen,  that  they  follow  van't  Hofif's  law  for 

chemical  reactions,  that  is,  the  velocity  is  approximately  doubled 

by  &  rise  af  10°  C  in  temperature  within  physiological  limits, 

1  '  T  .  velocity  at  1^  .  lo     .-»      rr.^- 

or,  expressed  in  more  general  terms,  — , — .f^ L         =2.     This 

^  ^  '  velocity  at  Tn 

effect  of  temperature  on  the  velocity  of  the  impulse  is  shown 

graphically  in  Fig.  53.    Anesthetics  iitul  narcotics,!  such  as  ether, 


I 


Fie.  S3. — Figurp  to  show  the  effert  of  temperature  on  the  velocity  of  the  Derve  impubc^ 
At  cneh  tempemture  two  contraction r*  of  the  (OwtnirnemUi-i  wero  ro«»rdcd.  one  when  the 
ner\'e  waw  .itimulated  close  to  tiie  murtcle.  odc  when  it  was  f^linnilatied  further  away  (44  mm.). 
The  horizontal  tli*«tanee  belween  the  rur\'Cft  n^  they  rii-*'  can  be  exprwwwl  in  time  by  refer- 
ence to  the  tiininR'f<irk  vibrations  (200  per  f»ecorni)  fciveti  Iwlow.  For  inlervalit  of  10°  L, 
it  wilt  Lte  Neen  that  tlie  velocity,  o^  indicated  by  the  redproeaLi  of  the  dUtAUces  betweeo 
the  pair*  of  oitrv'ew,  indicates  a  coefficient  of  two. — iSntfder.) 

chloroform,  cocain,  chloral,  phenol,  alcohol,  etc.,  may  he  applied 
locally  to  a  nerve  trunk,  and  if  the  a]>plicatinn  is  made  with  care 
the  conductivity  and  irritability  may  l>c  lessened  or  suspended 
entirely  at  that  point,  to  be  restiirecl  a^ain  when  the  narcotic 
is  removed.  It  is  an  interesting  fact  that  the  rt>uductivity  of 
the  nerve  nuiy  be  suspended  also  by  deprivatiun  of  oxygen,} — 
that  is,  by  local  suffocation  or  asphyxia.  A  nerve  fiber  sur- 
rounde<i  by  an  oxyp:en-free  atmosphere  will  slowly  lose  its 
conductivity,  and  this  property  will  be  restored  prtimptly  upon 
the  admission  <if  oxygen.  Ciuiifuession  of  a  nerve  will  iilso 
suspend  its  ctmductivity  without  permanently  injuring  the 
fibers,  provided  the  pressure  is  properly  graduated.  Lastly, 
as  was  explaine<l  in  a  preceding  rliapter,  the  cotuiuctivity  of  the 
nerve  may  be  increased  or  decreased  or  suspondeil  entirely  by  the 
action  of  u  galvanic  (jjolarizing)  current.  This  method  of  sus- 
pending conductivity  temporarily  luvs  been  frequently  emjiloyetl 


♦Snyder,  ".\mericttn  Jonmal  of  Physiology.'*  22,  179,  1908, 
t  Frfihlich,  "ZeitHchrift  f.  :il!npmeine  Phymol.,"  .%  75,  1903. 
i  Bacyere,  ibid.,  2,  m\f,  1903. 
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'  experimental  purpoeeft,  the  arrangement  beiiag  as  represented 
tD  Fifi.  54. 

The  Refractory  Period.— In  the  case  of  the  heart,  the  nerve 
cell,  and  the  inuj*t*le  it  has  been  shown  that  for  a  short  period  after 
the  iMSue  ent4»rs  into  a  euiulition  of  functinnsil  activity  it  is  non- 
initable  towani  a  stn^ond  stimulus.  Tlii.**  roiulition  of  loss  of 
excitability  following  upon  or  aceumpanying  funrliona!  activity 
i*  drssigiiateci  t\s  the  rr/raclonj  period.  It  is  intoresting  to  find  that 
a  liflsoe  ao  irritable  Ji8  a  nerve  fil>er  exhibits  the  same  phenomenon. 
For  a  very  brief  period  (0.t)02  to  0.(XHi  of  a  stn-ond),  after  it  enters 
into  action,  as  indicated  by  the  electrical  response,  a  second 
-timulus  throw  in  will  l>e  found  to  be  ineffective.  As  the  elec- 
change  pa.ssc»s  off,  that  is,  as  the  sUiU-  of  activity  subaidea^ 
nerve  regains  its  normal  irritability.  Tfic  refractory  period 
of  the  i»er\'e  filwr  may  be  much  prolonged  by  conditions  which  slow 
the  process!^  underlying  activity,  for  example,  by  low  tempera- 
mrrftv  or  by  the  action  of  certain  drugs,  such  as  yohimbine  (Tait). 
Question  of  Fatigue  of  Nerve  Fibers. — An  important 
in  connection  with  the  nature  of  the  ner\e  im]>ulse  has 
been  that  of  the  susoep- 
lilttlily  of  the  nerve  fibers 
to  fatigue.  Tlie  obvious 
fatig^t^  of  muscles  and 
of  nerve  centers  has  been 
referred  to  the  accumula- 
tkm  of  the  products  of 
iDetAbollj;m  of  their  tls- 
■QBB  or  to  the  actual 
rooaumption  of  the  en- 
ef)g>--yirlding  material  in 
them.  Functional  activ- 
ity hi  these  tissues  im- 
pfiea  the  breaking  down 
of  complex  organic  material  (catabolism)  and  the  setting  free 
ci  the  so-called  chemical  energy.  The  internal  energy  of  the 
flompound  L?  liberated  as  kinetic  energ>'  of  heat,  etc.  It  has 
been  arcepte<l.  therefore,  that  if  the  nerve  fiber  could  l>e  dera- 
onatratcd  to  show  fatigue  Jis  a  result  of  functional  activity, 
thk  fact  would  be  probable  proof  that  the  conduction  of  the  im- 
pube  is  associated  with  a  chemical  change  of  a  catabolic  nature  in 
the  aubstancc  of  the  fiber,  llxperimental  work,  however,  has 
ritcrvm  that  imder  normal  conditions  the  nene  filx»r  shows  no 
fotigue.  The  expt^riments  made  upon  this  point  have  been  nu' 
mcnitts  and  varied.  The  general  idea  underlying  all  of  them  has 
I  to  stimulate  the  nerve  cimtinuously,  but  to  interpose  a  block 


Fig.  M. — Schema  to  thow  th«  method  of  hlock* 
init  the  nerve  trnpul*«  by  means  of  a  puUriiins  rur- 
rent:  <i.  The  stimulatinc  eloctro<len;  6,  the  batteo*, 
Che  current  of  which  la  uxl  into  tlie  D«rv«.  The  de- 
pr^4«e(l  irrilnbtlity  At  both  ano<le.  +,  and  cathode.  — , 
pre\*eni4  the  ner\-«  impulse  ttarled  at  a  from  reaching 
themtisole. 
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somewhere  along  the  course  of  the  nerve  A>  that  the  impulses  should 
not  reach  the  end-organ.  This  precaution  is  necessary  because 
the  end-oigan — muscle,  gland,  etc. — ^is  subject  to  fatigue,  and 
must  therefore  be  protected  from  constant  activity.  From  time 
to  time  or  at  the  end  of  a  long  period  of  stimulation  the  block  is 
removed  and  it  is  noted  whether  or  not  the  end-organ — for  in- 
stance, the  muscle — gives  signs  of  a  stimulation.  The  removable 
block  has  been  obtained  by  the  action  of  a  polarizing  current,  by 
cold,  by  narcotics,  by  curare,  etc.  Using  curare,  for  instance, 
Bowditch*  found  that  the  sciatic  nerve  might  be  stimulated  continu- 
ously by  induction  shocks  for  several  (four  to  five)  hours  without 
complete  fatigue,  since  as  the  curare  effect  wore  off  the  muscle 
whose  contractions  were  being  recorded  (M.  tibialis  ant.)  began 
to  respond,  at  first  with  single  and  finally  with  tetanic  contractions. 
The  curare  in  this  case  may  be  supposed  to  have  blocked  the  nerve 
impulse  at  the  motor  end-plate  and  thus  protected  the  muscle 
from  responding  until  the  lapse  of  several  hours,  although  the 
nerve  was  under  stimulation  during  this  entire  time.  This 
experiment  has  since  been  repeated  by  Durig,t  who  has  made  use 
of  the  fact  that  the  effects  of  curare  can  be  removed  within  a  few 
minutes  by  the  salicylate  of  physostigmin.  Durig  stimulated  the 
aerve  for  as  much  as  ten  hours  and  then  upon  removing  the  curare 
block  found  from  the  contraction  of  the  muscle  that  the  nerve 
was  still  conducting.  Edes^  and  others  have  shown  that  the 
same  result  is  obtained  when  the  nerve  is  tested  by  a  capillary 
electrometer  instead  of  by  the  response  of  an  end-organ.  Under 
such  conditions  the  nerve  exhibits  an  undiminished  action  cur- 
rent, although  constantly  stimulated  by  tetanizing  shocks  from  an 
induction  apparatus,  Brodie  and  Halliburton  §  have  foimd  that 
the  non-meduUated  fibers  in  the  splenic  nerve  can  also  be  stimulated 
for  many  hours  without  losing  their  power  of  conduction, — that 
is,  without  showing  fatigue.  Many  other  observers  have  obtwied 
similar  results,  which  have  confirmed  physiologists  in  the  belief 
that  the  nerve  fibers  may  conduct  impulses  indefinitely,  or,  in 
other  words,  that  their  normal  functional  activity  may  be  carried 
on  continuously  without  fatigue.  If  this  belief  is  entirely  correct 
it  would  place  the  nerve  fibers  in  a  class  by  themselves,  since  all 
other  tissues  that  have  been  studied  show  evidence  of  fatigue  when 
kept  in  continuous  functional  activity.  Moreover,  if  this  belief  is 
entirely  correct  it  would  imply  that  the  conduction  of  an  impulse 
in  the  nerve  fiber  is  not  associated  with  a  consumption  of  material, 

*  Bowditch,  "Journal  of  Physiology,"  6, 133, 1885. 

t  Durig,  "Centralblatt  f.  Physiol,"  15,  751,  1902. 

JEdes,  "Journal  of  Physiology,"  13,  431.  1892. 

§  Brodie  and  Halliburton,  "Journal  of  Phj'siology/'  28,  181,  1902. 
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ft  nmlahijliimi,  and  in  this  respect  also  the  functional  activity  of 
tilt  nerve  would  be  placed  in  contrast  with  that  of  other  organs. 
It  must  be  remembered,  however,  that,  although  the  alxive  ex- 
perimeiits  demonstrate  the  practical  "  unJati|a;u(?al)l('ne^ "  of 
nem  fiboB  under  ordinary  conditioas  of  stimulation,  there  are 
•ocne  reasons  to  make  us  hesitate  in  supposing  that  in  these 
atnicUires  functional  activity  is  entirely  without  a  depressing 
dfcci  upon  irritability.  Garten  has  shown  that  one  nerve,  the 
oUjhctofy  of  the  pike,  when  stimuhiteil  by  induction  shoeks,  with 

interval  between  the  stimuli  of  as  much  as  0.27  sec,  gives 
of  fatigue,  since  its  action  current,  as  measured  by  the 
capillary  electrometer,  diminishes  in  extent  quite  rapidly,  and 
rBCPVcru  after  a  short  rest.*  So  also  it  has  been  found  that  while 
a  nerve  deprived  of  oxygen,  by  keeping  it  in  an  atmosphere  of 
nitn>gen,  loses  its  irritability  after  a  certain  time,  this  event  occurs 
much  more  rapi<ily  if  the  nerve  is  stimulated  constantly.!  This 
Eaet  would  suggest  that  some  oxygen  is  consumed  during  functional 
activity,  and  that  the  ability  of  the  nerve  under  normal  circum- 
fltanees  to  escape  the  results  of  fatigue  may  be  due  possibly  to  the 
Imet  that  the  supply  of  oxygen  is  sufficiently  abundant  to  oxidize 
promptly  the  fatigue  substances  formed  during  acti\'ity. 

Does  the  Nerve  Fiber  Show  Any  Evidence  of  Metabolism 
Doriiis  Functional  Activity? — The  functional  part  of  a  nerve 
hber  in  conduction  is  the  axis  cylinder,  and,  indeed,  probably  the 
neurofibrils  in  the  axis  cylinder.  The  mass  of  this  material,  even 
in  a  large  ner\'e  trunk,  is  small  (about  9  per  cent.),  and  its  chemistry 
is  but  little  known.  The  efforts  that  have  been  ma<ie  to  prove  a 
metabolism  in  the  nerve  fiber  during  activity  have  been  directed 
aloDK  tbe  lines  indicated  by  what  is  known  of  muscle  metabolism. 
In  a  muscle  during  contraction  heat  is  produced,  the  substance  of 
the  nuiacle  shows  an  acid  reaction,  and  carbon  dioxid  is  formed. 
to  show  similar  reactions  in  stimulated  nerves  have  been 
partially  successful.  RollestonJ  investigated  the  question  of 
%t  production  with  the  aid  of  a  delicate  bolometer  capable  of  in- 
[  a  difference  of  temperature  of  jo^obf*  C.     The  frog's  sciatic 

I  used,  but  no  increase  in  temperature  during  stimulation  could 

demonstrated.  Making  use  of  a  more  sensitive  instrument, 
Hill  has  obtained  the  same  negative  result.  If  any  heat  is 
pruduoed  by  the  transmission  of  a  ner\'e  impulse  it  must  be 
ioB,  aooording  to  his  measurements,  than  a  hundred-millionth 

'Quoted  fnnn  Biedermano,  "Ergebniase  der  Phvniologie,'*  a*oL  ii,  part  li, 

{ThOner.  "Zoitjwhrifl  f.  allg.  Phvsiologie/'  -S,  530.  1908. 
Rnllnrton.  "Journal  of  Phvaiolu^."  11,  208,  1890. 
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»r  4  rexr«?f?  n*fl."-»igrfc>.*  •I"«l  the  otfaier  hand.  Tashirof  reports 
"HAT.  ly  -n»*nn.<  :f  i  :iif^  aiifcuxi  waieh  is  capable  of  detecting  as 
ime  1*  }..3«»X*>I  en.  :c  -•arr:«;a  .^siL  he  has  been  able  to  show 
-nar  "ii*'  r«?:CT3JC  n^rrw  rr:«irart»s^  ^an>?n  dkmd  and  that  this  pro- 
aif*i«}a  -j^  in**r^tk?e-i  icccr  Tiro  :imi  ±  half  times  when  the  nerve  is 
-«nmi:ir*»»L  ii»5r>:oa^  -fTbiifaiw  5x  the  occurrence  of  a  nerve 
Jieactiiisni  riirr:^  i^rl-rrj  ij?  Sjomi  bi  the  fact,  already  alluded 
■».  "iiar  :x7T?c  pLij^  a  rar:  ^  T.-unrarnhig  the  irritability  of 
n-rr*!!*.  Aa  •*x.*ise-i  frre^  aern?  'jjtje*  it^  irritability  in  an  atmos- 
oiwr*?  ierrr^«*i  :z  :sy^^  iad  rfgiins  tt  promptly  when  oxygen 
i*  uciin  -rnEciitec.  W^ec  •?tiin.fiLi^ec  in  an  atmosphere  free  from 
DET^Ki  tie  Ti^^rvi^  -fCi.'w^  -garrr^  :r  fririgae.  while  in  the  presence  of 
ixj^pa.  :iL'riTrr^  isj.  ::ia;:ira::ue^L  :ne  aiaj  say  indefinitely,  under 
•ontainizni?  :icniilan»:ii.  T^ie!*  fairer  warrant  the  belief  that 
ixTSPo.  i:?  *iseti  by  :he  ^ser^v  ixinnc  activity,  and  presumably  it 
s  laf^i  in  z'zhs-  it  Ji  rh*;  ocaer  tia5«e*  to  produce  physiological 
ixuiarionrr.  Aaecher  fset  whica  ^nnts  in  the  same  direction 
is  "iie  lign.  value  ot  rhe  t**fnpera:ure  '.•oetiBcient  for  nerve  conduc- 
:ion.  wTUirc.  iza:?  reea  rvtVrr^  ■:<:  above.  Bearing  these  two 
xraeni  .t:ntfiiieradoc:>  in.  zzhs^L  we  ^-aa  hardly  escape  the  con- 
Tiimon  Tiiar  the  ri2Lct>:caI  dccvity  of  the  aerve  Sber  is  connected 
wirii  1  .'hemical  reaoT:».^c.  :i  -ji-'cne  kfmi.  nux^t  probably  a  reaction 
in  which,  ^rome  rnar^rial  in.  riie  iierve  imierp^js  oxidation. 

Hbvs  as  ID  c!fce  !lat:zre  of  tSfer  5erfv  Lxtpolse. — The  older  con- 
fxgxit  css^  f  "he  !ierv*?  rHrL'-'irie.  "vL'-ile  taey  varied  in  detafl,  were 
b*r?e*i  'ir«?c.  "h.e  wprcn^ral  :«:^a  that  the  nervous  system  contains  a 
mart**?  :c  a  iz.»:T  ^.r*  rirar.  tira:  -.-^xrie  tc  our  senses.  This  matter 
woa-  pit.TiiT^:  i*  ir>r  i:*  i  <::tr-  v-^-'-aI  ^rirlt^  .  and  later  as  a  mate- 
rhu  ticiirairai.  i*r  -  ■  *.'*:  /ir-vr, .:Vr;*i,s  -^rher  or  to  electricity.  Since 
"ziie  iis^irvfr"  'iij.*  *.>  r.t-r'.-  -"rc?-^  TTav^-ai  with  a  relatively  slow 
T^j-f-rrv  in*:  >  -k^-'-r-.i^a:-,:*:*'.  ?y  ^  iifEi*;c:*trarie  change  in  the 
-He<'*T:ira*  -;c«  !:":<:•••.  *"  "r«:"  :>:r*'^.  :v-anv  'ii:f*?ren.t  views  regarding 
Lt.*  oanir*^  :::i --  " >>r.  -r.-c-^s*:--^  Ir.  iis^-ussitEg  the  matter  it  is 
•*r:*:e!i*  "har  •^'•'  rtrTca;^  ii'ttT^-r"  rirt'O-cieca  have  to  be  consid- 
•iTPti.  larneiy .  :!:«:•  av.":  :z  -x-.-'-taricr.  V>  :iaf.iral  orartidctal  stimuli 
anit  *he  alT  :f  7r;r£^:ar:«'L'-  .r  .vr«rii:r:*;c.  Formerly,  it  was  held 
in  X  j»*!ienil  •v^y  :':\i-:  -  n;  *>r.  v  v:.vc-^  ieceti'i:?  upon  the  breaking 
irwn  c  sc:*^  "ir^r^i.  i*:-  <;:  sr^v.v  *--■'  r^  the  axf;>  oyiinder.  It  was 
j4W5U2ieii  -.liLt  -r.-^  >t■tvi:'::^v  Aivi.  i",:5ral;ie  triarerial  b^  upeet  by  the 
-*aerzy  c  "ie  >c:r-vj.>.>  at  tL>'  t>*i7t  >c::r:.Late»i.  and  that  the  energy 
'hiLsi  i'rHrarc^i  act<  urvc  xf\t:;!Ci»-o>  varttcie^  ami  so  the  disturb- 
on**^   iii  cp.'cajcatr^:   alct-ji  :iv   v.nr.'f   Jt>  a  protcreseive  chemical 

*  Hill,     ^lurj-   'i  :"*•*■  >;»*u'^-       Vn  a.^.  '^l>'i 
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which  in  a  very  general  way  may  bo  coniparet)  to  the  pas- 
a  spark  along  a  line  of  gunpowder.  A  fundiunental  ob- 
jw'tion  to  such  a  \'iew  \^  the  uncertainty  of  the  proof  regarding  the 
ron-^umption  of  material  in  a  nerve  (hiring  activity,  iis  has  been  ex- 
piaiiit-d  in  the  preceding  sections.  Quite  the  oppot^ite  j>oint  of 
view  biis  also  been  held,  namely,  the  idea  that  tlie  nerve  impulse 
i»  a  purely  phy&ical  process,  which  involves  no  chemical  change 
and  no  u.'^iug  up  of  material.  Varioujs  suggestions  have  been 
offered  as  to  the  character  of  this  phvriiral  change,  but  the  one  that 
is  perhaps  most  worthy  of  consideration  identifies  the  nerve  im- 
pulse with  the  negative  electrical  change  that  is  known  to  pass 
along  the  fiber.  It  is  a.^sunie<l  that  this  olectricnl  I'hange  consti- 
tutes the  ner\'e  impulse,  and  to  explain  its  occurrence  and  propaga- 
tion from  a  physical  stamlpoint  it  has  been  supposed  that  the 
nm'e  fiber  has  a  structure  essentially  similar  to  the  '*  core  contluc- 
t<»  "  (see  p.  108) ,  in  that  it  contains  a  central  thread  surrounded  by 
a  liquid  sheath  of  less  conductive  material.  The  central  thread 
may  I*  suppcjsed  to  be  the  axis  cylinder  and  the  less  conductive 
fiheath  the  surrounillng  myelin,  or,  perhaps,  to  h>llow  another  sug- 
gestion that  fits  the  non-medullated  as  well  as  the  mcdullated  fibers, 
the  central  threads  are  repre.seiitetl  by  the  neurofil>rils  \vilhiu  the 
axis  cylinder  and  the  surroumlitig  sheath  liy  the  perifibrillar 
substance.  That  the  axis  cylinder  is  a  better  conductor  than 
Itic  myelin  sheath  has  been  indirated  by  the  microchetnical 
researches  of  Macallum.  This  observer  has  shown  that  in  the 
AX B  py Under  the  chlorids  exist  in  greater  c<incetitratii>n  than  in 
^^lhesurroun<]ing  sheath.*  The  point  of  importance  is  that,  with 
^T*^re  model  (see  Fig.  50),  consisting  of  a  glass  tube  with  a  cure 
I  »'f  platinum  wire  and  a  sheath  of  solution  of  sodium  chlorid, 
I  U.6  per  cent.,  electrical  phenomena  can  be  olitained  similar  to 
tHofl**  shown  by  the  stiinulated  nerve.  If  an  inductiim  current, 
waving  as  a  stimulus,  is  sent  into  one  end  ni  such  an  artificial 
owve  and  from  the  other  end  two  leaiting  off  electrodes  are 
iQnecte<i  with  a  galvanometer,  then  we  can  demonstrate  by 
of  the  galvanometer  that  an  electrical  charge  is  propncated 
the  model  .at  each  applicatiuu  uf  the  stimuhis.  And,  as 
ich  a  moving  electrical  disturbance  is  the  only  objective 
louwnon  known  to  occur  in  the  stimulated  nerve,  it  has  been 
that  it  conjBtitutes  the  nerve  impulse.  When  this 
rical  disturbance  reaches  the  endnirgan, — the  muscle,  for 
w, — it  initiates  the  chemical  changes  that  characterize 
I*- activity  of  the  organ.  This  kind  of  theory  makes  the  nerve 
ipulae  an  electrical  phenomenon,  and  assumes  that  the  nerve 
fibers  have  become  different  iatetl  to  form  a  specific  kind  of 
•  MacaUum,  "Proceedings  of  the  Royal  Society,"  1906,  B.  bcwii.,  165. 
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conductor,  the  efficiency  of  which  depends  upon  its  having  a 
structure  similar  to  that  of  a  "  core  conductor."  Other  theories 
of  a  physico-chemical  character  have  been  proposed  especially 
to  explain  the  initial  excitation  caused  by  a  stimulus  and  the 
electrical  phenomena  responsible  for  the  action  current.  Nemst 
has  supposed  that  the  electrolytes  contained  in  the  axis  cylinder 
lie  within  membranous  partitions  which  are  impermeable  to  the 
passage  of  certain  ions.  When  an  electrical  current  is  passed 
through  a  nerve,  it  is  conveyed  of  course  by  the  dissociated  elec- 
trolytes, and  in  consequence  of  the  impermeable  character  of  the 
septa,  there  will  be  a  concentration  of  positively  charged  ions  at 
one  face  of  the  membranes  and  of  negatively  charged  ions  at  the 
other.  When  the  concentration  of  the  ions  reaches  a  certain  point, 
excitation  occurs.  The  nature  of  the  excitation  \mder  such 
circumstances  has  been  further  imagined  by  Hill,  who  suggests 
that  some  sensitive  substance,  presumably  a  colloid,  exists  in  the 
nerve  in  combination  with  certain  ions.  This  combination  is  in 
an  unstable  or  critical  state,  and  when,  in  consequence  of  a  stimulus 
of  any  kind,  the  concentration  of  ions  in  combination  with  it  is 
increased,  it  breaks  down  and  this  act  constitutes  the  excitation, 
which  is  then  propagated  along  the  nerve.  This  author  has 
treated  his  assumption  mathematically  to  ascertain  how  far  it 
accords  with  the  known  facts  of  the  stimulation  of  nerves  with 
electrical  currents.  It  should  be  added  that  these  and,  indeed, 
all  specific  theories  of  the  nature  of  the  nerve  impulse  are,  at 
present,  matters  for  discussion  and  experiment  among  specialists. 
We  are  far  from  having  an  explanation  of  the  nerve  impulse 
resting  upon  such  an  experimental  basis  as  to  command  general 
acceptance.* 

Qualitative  Differences  in  Nerve  Impulses  and  Doctrine  of  Spe*< 
cific  Nerve  Energies. — ^Whether  or  not  the  nerve  impulses  in  vari- 
ous nerve  fibers  differ  in  kind  is  a  question  of  great  interest  in  physi- 
ology. The  usually  accepted  view  is  that  they  are  identical  in 
character  in  all  fibers  and  vary  only  in  intensity.  According  to 
this  view,  a  sensory  nerve — the  auditory  nerve,  for  instance — car- 
ries impulses  similar  in  character  to  those  passing  along  a  motor 
nerve,  and  the  reason  that  in  one  case  we  get  a  sensation  of  hearing 
and  in  the  other  a  contraction  of  a  muscle  is  found  in  the  manner 
of  ending  of  the  nerve,  one  terminating  in  a  special  part  of  the  cortex 

*  For  a  summary  of  the  literature  upon  the  nature  of  the  nerve  impulse 
consult  Boruttau,  "Zeit.  f.  allg.  Phyaiologie,"  1,  1,  Sanmielreferate,  1902; 
Biedermann,  "Ergebnisse  der  Physiologic,"  vol.  ii,  part  ii,  1903;  Hering. 
"Zur  Theorie  der  Nerventhatigkeit,"  1899;  Hill,  "Journal  of  Physiology,^ 
40,  190,  1910;  Lucas,  ibid.,  p.  224;  and  Croonian  Lecture,  "Proceedings  Royal 
Society,"  B.  85,  582,  1912;  Tashiro,  "Proceedings  of  the  National  Academy  of 
Sciences,"  1,  110,  1915. 
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of  the  cerebrum,  the  other  in  a  muscle.    From  this  standpoint 
Uw  nerve  fibers  may  be  compared  to  electrical  wires.    The  current 
oandueted  by  the  wires  is  similar  in  all  cases^  but  may  give  rise  to 
different  efiFects  according  to  the  way  in  which  the  wires  ter- 
ete, whether  in  an  explosive  mixture,  an  arc  light,  or  solutions 
of  rioeUolytes  of  variotis  kinds.     We  have  in  physiology  what  is 
kucnrii  as  the  doctrine  of  specidc  nerve  energies,  fir^t  formulated 
^  Johannes  Muller.    ThLs  doctrine  expresses  the  fact  that  nerve 
when  stimulated  give  only  one  kind  of  reaction,  whether 
or  sensory,  no  matter  in  what  way  they  may  be  stimulated. 
The  optk  nerve,  for  instance,  gives  us  a  sensation  of  light,  usually 
light  waves  fall  on  the  retina  and  thus  stimulate  the  optic 
But  if  we  apply  other  forms  of  stimulation  to  the  nerve 
tfaej  will  abso,  if  effective,  give  a  sensation  jf  Ught.     Cutting  the 
cpftir  nerve  or  stimulating  it  with  electrical  currents  gives  visual 
On   the   identity   theory   of   the   nerve   impulses   the 
\c  energies  of  the  various  nerves — that  is,  the  fact  that  each 
only  one  kind  of  response— is  referred  entirely  to  the  charac- 
teristics  of  the  tissue  in  which  the  fibers  end.     If,  as  has  been  said, 
ooe  could  successfully  attach  the  optic  nerve  to  the  ear  and  the 
auditory  nerve  to  the  retina  then  we  should  see  the  thunder  and 
hear  the  Ughtaing. 

The  alternative  theory  supposes  that  nerve  impulses  are  not 
identical  in  different  fibers,  but  var>'  in  quality  as  well  as  intensity, 
and  thai  the  specific  energies  of  the  various  fibers  depend  in  part  at 
least  on  the  character  of  the  impulses  that  they  transmit.  On 
this  iheor>'  one  might  speak  of  \n3ual  impulses  in  the  optic  nen'es 
as  something  different  in  kind  from  the  auditorv'  impulses  in  the 
auditory  fibers.  With  our  present  methods  of  investigation  the 
qoMtion  is  one  that  can  not  be  definitely  decided  by  experimental 
isTestigation ;  most  of  the  discussion  turns  upon  the  applicability 
of  the  doctrine  to  the  explanation  of  various  conscious  reactions 

Kthe  seajsory  nerves. 
80  far  as  experimental  work  has  been  carried  out  on  efferent 
rveSy  it  is  undoubtedly  in  favor  of  the  identity  theor>-.  The 
_  lion  current  is  similar  in  all  nerves  examined;  the  reactions  to 
artificial  stimuli  are  essentially  similar.  Moreover,  nerves  of 
one  kind  may  be  sutured  t«  nerves  of  another  kind,  and,  after  re- 
gaieiatton  has  taken  place,  the  reactions  are  found  to  be  deter- 
nune<I  m\v\y  by  the  place  of  ending  (see  p.  81). 

The  Nutritive  Relations  of  the  Nerve  Fiber  and  Nerve  Cell. 
— In  recent  times  in  accordance  with  the  so-called  neuron  doctrine 
(lee  p.  129)  every  axis  cylinder  has  been  considered  as  a  process  of 
anwe  cell,  and  therefore  as  a  part,  morphologically  speaking,  of 
that  cell.     However  this  may  be,  there  is  excellent  experinjental 
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evidence  to  show  that  the  physiological  integrity  of  the  axis  cylinder 
depends  upon  its  connection  with  its  corresponding  nerve  cell.  This 
view  dates  from  the  interesting  work  of  Waller,*  who  showed  that 
if  a  nerve  be  severed  the  peripheral  stump,  containing  the  axis  cyl- 
inders that  are  cut  off  from  the  cells,  ^^ill  degenerate  in  a  few  days. 
The  process  of  degeneration  brought  about  in  this  way  is  known 
as  secondary  or  Wallerian  degeneration.  The  central  stump,  on 
the  contrary,  remains  intact,  except  for  a  short  region  immediately 
contiguous  to  the  wound,  for  a  relatively  long  period,  extending 
perhaps  over  years.  Waller,  therefore,  spoke  of  the  ner\'e  cells  as 
forming  the  nutritive  centers  for  the  ner\'e  fibers,  and  this  belief 
is  generally  accepted.  In  what  way  the  cell  regulates  the  nutrition 
of  the  nerve  fiber  throughout  its  whole  length  is  unknowTi.  Some  of 
the  cells  in  the  lumbar  spinal  cord,  for  instance,  give  rise  to  fibers  of 
the  sciatic  nerve  which  may  extend  as  far  as  the  foot,  and  j'et 
throughout  their  whole  length  the  nutritive  processes  in  these  fibers 
are  dependent  on  influences  of  an  unknown  kind,  emanating  from 
the  nerve  cells  to  which  they  are  joined.  These  influences  may 
consist  simply  in  the  effect  of  constant  activity;  that  is,  in  the 
conduction  of  nerve  impulses,  or  there  may  be  some  kind  of  an 
actual  transferal  of  material.  This  latter  idea  is  supported  by  the 
interesting  fact,  which  we  owe  to  Meyer,  that  tetanus  and  diph- 
theria toxins  may  be  transmitted  to  the  central  nervous  system 
by  way  of  the  axis  cylinders  of  the  nerve  fibers.  By  means  of  his 
method  Waller  investigated  the  location  of  the  nutritive  centers 
for  the  motor  and  sensory  fibers  of  the  spinal  nerves.  If  an  anterior 
root  is  cut  the  peripheral  ends  of  the  motor  fibers  degenerate 
throughout  the  length  of  the  nerv'e,  while  the  fibers  in  the  stump 
attached  to  the  cord  remain  intact;  hence  the  nutritive  centers 
for  the  motor  fibers  must  lie  in  the  cord  itself.  Subsequent  histo- 
logical work  has  corroborated  this  conclusion  and  sho\\-n  that  the 
motor  fibers  of  the  spinal  nerves  take  their  origin  from  ner\'e  cells 
lying  in  the  anterior  horn  of  gray  matter  in  the  cord,  the  so-called 
motor  or  anterior  root  cells.  If  the  posterior  root  is  cut  between 
the  ganglion  and  the  cord,  the  stump  attached  to  the  cord  d^ener- 
ates;  that  attached  to  the  ganglion  remains  intact,  and  there  is  no 
degeneration  in  the  nerve  peripheral  to  the  ganglion  (Fig.  55).  If, 
however,  this  root  is  severed  peripherally  to  the  ganglion  degenera- 
tion takes  place  only  m  the  spinal  nerve  beyond  the  ganglion.  The 
nutritive  center,  therefore,  for  the  sensory  fibers  must  lie  in  the  pos- 
terior root  ganglion,  and  not  in  the  cord.  This  conclusion  has  also 
been  abundantly  corroborated  by  histological  work.  It  is  kno^Ti 
that  the  sensorj'  fillers  arise  from  the  nerve  cells  in  these  ganglia. 

♦Waller,   "Miiller'a  Archiv."    1H52,   p.  392;  and   "Comptee  rendus  de 
TAcad.  de  la  Science,"  vol.  xxxiv.,  1S52. 
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By  tb^  same  means  it  has  lieen  shown  that  the  motor  fibers  in  the 
rranuJ  netxes  arii*p  from  nrrvt*  cells  (nuclei  of  origin)  situated  in 
the  hrain,  while  the  seu.sor>'  fibers  of  the  same  nerves,  with  the 
rxci*ption  of  the  olfacton*  anti  optic  nerves  which  form  special  cases, 
from  seiisor>*  ganglia  lying  outside  the  nervous  axis,  such,  for 


I 


Ti^  U. — DuMp^<n  (<>  ebow  the  tiir«ctii>n  uf  dcfccnemlian  on  section  nf  the  anleriot 
amA  tkm  iMalariur  nmi,  rBipecti%'ely.     Tho  ileKBuerKted  purtiuD  in  repreaeatocl  iii  bUok. 

inetftocr.  as  the  spiral  gnnKlion  of  the  cochlear  nerve,  or  the  ^an- 
flkm  seinilumire  (Clusserian  Kaiinlion)  of  tlic  fifth  cranial  nerve. 

Werve  Degeneration  and  Regeneration. — \A1ien  a  nerve 
trunk  is  cut  or  is  kille*l  at  any  jxnnt  by  cmshinjc,  heating,  or  other 
all  the  fibers  perij)heral  to  the  point  of  injury  undergo  de- 
ktion.  This  *w  an  inoontestul>Ie  fact,  and  it  is  important  to 
bear  in  mind  the  fact  that  the  definite  changes  included  under 
the  t«rm  degeneration  are  exhibited  *»idy  by  living  fibers.  A 
dead  nerve  or  the  nerves  in  a  dead  animal  ^iiliow  nu  such  changes.* 
The  oilier  physiologist^^  thought  that  if  the  severed  ends  of 
ibe  ncr^*es  were  brought  together  by  sutures  they  might  unite 
by  first  intention  without  degeneration  in  the  peripheral  end. 
We  know  now  that  this  degeneration  is  inevitalde  once  the 
living  continuity  of  the  fibers  hits  been  interrupted  in 
aay  way-  Any  functional  union  that  may  occur  is  a  slow 
proccBB  involving  an  act  of  regeneration  of  the  fibers  in  the  peripheral 
stump.  The  time  required  for  the  degeneration  differs  somewhat 
if  ibe  different  kinds  of  fibers  found  in  the  animal  body.  In  the 
^llll^'ted  in  other  mammalia  the  degeneration  l)egins  in  a  few  (four) 
dayy;  in  the  frog  it  nmy  require  from  thirty  to  one  hundred  and 
forty  days,  depending  upon  the  season  (;f  the  year,  althougli  if  the 
frog  is  kept  at  a  high  temperature  (30°  C.)  ilegeneration  may 
proceed  as  rapitlly  as  in  the  mammal.  In  the  dog  it  proceeds  so 
quickly  that  the  procesB  seems  to  l>e  simultaneous  throughout  the 
whole  peripheral  stump,  while  in  the  frog,  and^  according  to  Bethe, 

•  8t*  Van  Oehucfateit,  "Le  N^vraxe/*  UK)5.  vii,,  203. 
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in  the  rabbit,  it  can  be  seen  clearly  that  the  degenerative  changes 
b^in  at  the  wound  and  progress  peripherally.  The  fibers  break 
up  into  ellipsoidal  segments  of  myelin,  each  containing  a  piece  ot 
the  axis  cylinder,  and  these  s^ments  in  turn  fragment  ven*  irr^;;u- 
larly  into  smaller  pieces  which  eventually  are  absorbed*  (Fig.  56). 
The  central  stump  whose  fibers  are  still  connected  ^ith  the  nerve 
cells  undergoes  a  similar  degeneration  in  the  area  immediately 
contiguous  to  the  wound,  but  the  degenerative  processes  extend 
for  only  a  short  distance  over  an  area  covering  a  few  intemodal 
figments.  Although  the  central  ends  of  the  fibers  remain  sub* 
stantially  intact,  it  is  interesting  to  find  that  the  nerve  cells  from 
which  they  originate  imdergo  distinct  changes,  which  show  that 
they  are  profoundly  affected  by  the  interruption  of  their  norma) 
connections  (see  p.  127).  In  the  peripheral  end  the  process  ai 
regeneration  begins  almost  simultaneously  with  the  degenerative 
changes,  the  two  proceeding,  as  it  were,  hand  in  hand.  The  r^en- 
eration  is  due  to  the  activity  of  the  nuclei  of  the  neurilemmal  sheath. 
These  nuclei  begin  to  multiply  and  to  form  around  them  a  layer  erf 
protoplasm,  so  that  as  the  fragments  of  the  old  fiber  disappear 
their  place  is  taken  by  numerous  nuclei  and  their  surrounding 
cytoplasm.  Eventually  there  is  formed  in  this  way  a  continuous 
strand  of  protoplasm  with  many  nuclei,  and  the  fiber  thus  produced, 
which  has  no  resemblance  in  structure  to  a  normal  nerve  fiber, 
is  described  by  some  authors  as  an  "embryonic  fiber";  by  othere 
as  a  *'band  fiber"  (Fig.  57),  In  the  adult  animal  the  process  of 
regeneration  stops  at  this  point  unless  an  anatomical  connection 
is  established  with  the  central  stump,  and,  indeed,  such  a  connection 
is  usually  established  unless  special  means  are  taken  to  prevent  it. 
The  central  and  peripheral  stumps  find  each  other  in  a  way  that 
is  often  remarkable,  the  union  being  guided  doubtless  by  intervening 
connective  tissue. 

Foramannst  has  emphasized  this  peculiar  attraction,  as  it  were,  be- 
tween the  peripheral  and  the  central  ends,  giving  some  reason  to  believe  that 
it  is  a  case  of  chemotaxis  or  chemotropism.  When  the  ends  of  the  nerves 
were  given  very  unusuaJ  positions  by  means  of  coUodium  tubes  into  which 
they  were  inserted  they  managed  to  "  find  '*  each  other.  Moreover,  he  states 
that  a  central  stump,  if  given  an  equal  opportunity  to  ^w  into  two  coUo- 
dium tubes,  one  containing  liver  and  the  other  brain  tissue,  will  chose  the 
latter,  a  fact  which  would  indicate  some  underlying  chemical  attraction  or 
affinity  in  nerve  tissue  for  nerve  tissue.  A  directive  influence  of  this  kind 
depending  upon  some  property  connected  with  chemical  relationship  is  desig- 
nated as  "  chemotaxis." 

If  the  central  and  peripheral  stimips  are  brought  together  by 

•See  Howell  and  Huber,  "Journal  of  Physiology,"  13,  335,  1892;  also 
Mott  and  Halliburton,  "Proceeding  Rojral  Society,"^  1906,  B.  bcxviii.,  259. 
and  Cajal,  "  Trabajos  del  laboratono  de  investigaciones  biologicas  (Univ.  ot 
Madrid),'' vol.  4,  119,  1906. 

fForsmanns,  "Zeigler's  Beitrage,"  27,  216,  1902. 
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Fit-  57. — Bahry^BBC  fiber*  ia 


Pi(i.  58. — A  newly  developed  fiber  in  a  re«ecen*tmfE  nerve  fiber. 
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wlureorprow  together  in  any  way,  then,  under  the  influence  of  the 
eentral end,  the  **  band  fiber"  gradually  becomes  transformed  into 
»nommI  nerve  fiber,  with  myelin  sheath  and  axis  cylinder  (Fi^.  58), 
ll  IS  possible  that  this  result  is  due  to  local  processes  in  the 
baiiil  fiber  stimulated  by  nutritive  influences  of  some  kind  from 
the  central  stump,  but  more  probably  there  is  an  actual  down- 
grow'lh  of  the  axis  cylinders  from  the  central  ends.  In  support 
of  this  latter  view,  it  may  be  said  that  the  outgrowth  of  tlie 
Mw  axis  cylinders  from  the  old  ones  present  in  the  fil>ers  of  the 
centril  stump  has  been  followed  more  or  less  successfully  by  a 
number  of  histologists. 

Betbe*  has  thrown  some  doubt  upon  this  viow,  for  he  has  shown  appar- 
ently thit  in  younj?  manunab  (oii^ht  (lays  to  oiglit  wc^ks)  ihe  regeneration  of 
tbpEiben  in  the  pcriphiTuI  nturnp  iloes  nttt  slop  nt  the  staffo  of  "band  fibfTs," 
liut  propeases  until  pfrfectly  nornml  m'r\'e  fibers  are  prodlueetl,  even  though 
BocoooeetioQ  is  mode  with  the  central  Hiuni|>.  It  t^liould  be  adrhxl,  however, 
tkuthf  fibers  so  formed  do  not  jx^rsij^t  indefinitely  unless  they  become  con- 
»<t(d  with  the  central  atuiiip.  If  this  connwlion  fails  to  take  nlace,  the 
wiy  formed  fibers  will  degenerate  after  an  int^-n-al  of  some  motitlis,  Still, 
tfcf  fwt.  if  true,  that  in  the  yoang  fiber  the  regeneration  is  complete  aeema  to 
iB&tXt  that  the  axis  c>*linder  may  an.'*e  independently  of  the  fibers  in  the 
<aitnl  stump. 

Whrther  or  not  Bet  he's  obaer\-al  ions  up<in  the  autoregeneration  of  the 
"M  nrlbders  in  the  severed  nerves  of  young  animals  ran  be  accepted  is 
*WrtiUl,  the  balance  of  evidence  at  present  seems  to  indicate  that  what  he 
to*  for  Kutorpgenerated  fibers  were  really  fibers  which  grew  into  the  de- 
pttnted  trunk  from  the  surrounding  tissue. 


Degenerative  Changes  ia  the  Neuron  on  the  Central  Side 
of  the  Lesion.^ According  to  the  Wallerian  law  of  degeneration, 
MongiDally  stated,  the  nerve  fiber  on  the  centra!  aide  of  the  injury 
udthe  nerve  cell  itself  do  not  undergo  any  change.  As  a  matter 
w*  fici,  the  central  stump  immediately  contiguous  to  the  lesion 
untiergoes  typical  degeneration  and  regeneration  t^tmilar  to  that 
<l*cribed  for  the  fibers  of  the  peripheral  stump.  The  immediate 
<fc?BDerative  changes  in  the  fibers  in  the  central  stump  were  supposed 
to  extend  back  only  to  the  first  node  of  Ranvier. — to  affect,  there- 
fore, only  the  intemodal  segment  actuiilly  injured.  Later  it  was 
found  that  the  degeneration  may  extend  t>ack  over  a  distance  of 
*veral  intemodal  segments.  This  limited  degeneration  on  the 
central  side  must  be  considered  as  traumatic^that  is,  it  involves 
Wily  those  portions  directly  injured  by  the  lesion.  The  central 
OKlof  the  fiber  in  general  was  supposed  to  remain  intact  as  long 
••itecell  of  origin  was  normal.  It  was  thought  at  first  that  after 
■niple  section  of  a  nerve  trunk,  in  amputation,  for  instance,  the 

Tft  cells  and  central  stumps  remain  normal  throughout  the  life 

*Beihe,  "Allgemeine  Anat.  u.  Physiologie  dee  Ners'ensj'stcmfl/'  1903. 
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of  the  individual.  Dickinson,  however,  in  1869  *  showed  that  in 
amputations  of  long  standing  the  motor  cells  in  the  anterior  horn 
of  the  cord  decrease  in  number  and  the  fibers  in  the  central  stump 
become  atrophied.  Thife  observation  has  been  corroborated  by 
other  observers,  and  it  is  now  believed  that  after  section  of  a  nerve 
chronic  degenerative  changes  ensue  in  the  course  of  time  in  the 
central  fibers  and  their  cells,  resulting  in  their  permanent  atrophy. 
We  have,  in  such  cases,  what  has  been  called  an  atrophy  from 
disuse.  A  fact  that  has  been  discovered  more  recently  and  that 
is  perhaps  of  more  importance  is  that  the  nerve  cells  do  undergo 
certain  definite  although  usually  temporarj''  changes  immediately 
after  the  section  of  the  nerve  fibers  arising  from  them.  It  has  been 
shown  that  when  a  nerve  is  cut  the  corresponding  cells  of  origin 
may  show  distinct  histological  changes  within  the  first  twenty-four 
hours.  These  changes  consist  in  a  circumscribed  destruction  of 
the  chromatin  material  in  the  cells  (chromatolysis),  which  in  a 
short  time  extends  over  the  whole  cell,  so  that  the  primary  staining 
power  of  the  cell  is  lost  (condition  of  achromatosis)  (see  Fig.  63). 
The  cell  also  becomes  swollen  and  the  nucleus  may  assume  an 
excentric  position.  These  retrogressive  changes  continue  for  a 
certain  period  (about  eighteen  days).  After  reaching  their  maxi- 
mum of  intensity  the  cells  usually  undergo  a  process  of  restitution 
and  regain  their  normal  appearance,  although  in  some  cases  the 
degeneration  is  permanent.  According  to  other  observers  a  number 
of  the  cells  in  the  spinal  cord  and  spinal  ganglia  undergo  simple 
atrophy  after  section  of  their  corresponding  nerves,  and  some  of 
the  nerve  fibers  in  the  central  stumps  may  also  show  atrophy, 
while  others  undergo  a  genuine  degeneration,  which,  however, 
comes  on  much  later  than  in  the  peripheral  stumps.  It  seems 
evident  that  the  behavior  of  the  cells  and  fibers  on  the  central  side 
of  the  section  Is  not  uniform;  atrophy  rather  than  degeneration  is 
the  change  that  is  prominent,  and  this  atrophy  in  some  neurons 
occurs  early,  while  in  othei*s  it  is  apparent  only  after  a  long  interval 
of  time.  An  explanation  of  this  variation  in  the  reaction  of  the 
nerve  cells  and  their  disconnected  central  stumps  cannot  yet  be 
given.  On  the  peripheral  side  of  the  section,  as  stated  above,  the  de- 
generative changes  are  complete  and  affect  all  of  the  fibers.t 

*  "Journal  of  Anatomy  and  Physioloogy,"  3,  170,  1869. 

t  Nisal,  "AUgemeine  Zeit^chrift  f.  Psychiatrie,"  48, 197, 1892.  Also  Bethe, 
loc.  cit.f  and  Ranson,  "  Retrograde  Degeneration  in  the  Spinal  Nerves,'*  The 
Journal  of  Comparative  Neurologj'^  and  Psycholog>',  1906,  xvi.,  265. 
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SIRUCTURE  AND  GENERAL  PROPERTIES  OF  THE 
NERVE  CELL. 

The  Neuron  Doctrine. — Since  the  last  decade  of  the  nineteenth 

MMoiy  the  physiolog}'  of  the  nervous  system  has  been  treated 

bu  the  8tand{xiint  of  the  neuron.    According  to  this  point  of 

w,  the  entire  nervous  system  is  made  up  of  a  series  of  units, 

the  aeurona,  which  are  not  anatomically  continuous  with  each 

<itl**r,  b»it  communicate  by  contact  only.     It  has  been  taught  also 

tht  each  neuron  represents  from  an  anatomical  and  physiological 

todpoint  a  single  ner\'e  cell.     The  typical  neuron  consists  of 

*odl  bwly  with  short,  branching  processes,  the  dendrites,  and  a 

•agb  axis  cylinder  process,  the  axon  or  axite,  which  becomes  a 

•(rre  fiber,  acquiring  its  myelin  sheath  at  some  distance  from  the 

*IL    Aoooriing  to  this  view,  the  peripheral  nerve  fibers  are  simply 

bif  proeesses  from  nerve  cells.     Within  the  central  ner\'0us  s>'8tem 

ttch  neuron  connects  with  others  according  to  a  certain  schema. 

Ihe  adom  of  each  neuron  ends  in  a  more  or  less  branched  "  terminal 

Afborixatioa/'  forming  a  sort  of  end-plate  which  lies  in  contact 

with  the  dendrites  of  another  neuron,  or  in  some  cases  with  the 

hodr  of  the  cell  itself,  the  essentially  modem  point  of  view  being 

Ikat  where  the  terminal  arborization  of  the  axon  meets  the  dendrites 

or  body  of  another  neuron  the  communication  is  by  contact,  the 

neuroua  being  anatomically  independent  units.     It  is  usually  ac- 

eepted  also  as  a  part  of  the  neuron  doctrine  that  the  conduction 

of  a  Derve  impulse  through  a  neuron  Is  always  in  one  direction, 

'  Chat  the  dendrites   are   receiving  organs,  so  to  speak,  receinng  a 

itimulus  or  impulse  from  the  axon  of  another  unit  and  convejnng 

Ifaie  Impube  toward  the  cell  l>ody.  while  the  axon  is  a  discharging 
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process  through  which  an  impulse  is  sent  out  from  the  cell  to 
reach  another  neuron  or  a  cell  of  some  other  tissue.  The  neuron, 
so  far  as  conduction  is  concerned,  shows  a  definite  polarity, 
the  conduction  in  the  dendrites  being  cellulipetal,  in  the  axons, 
cellulifugal. 

The  neuron  doctrine,  so  far  as  the  name  at  least  \a  concerned,  dates  from 
a  general  paper  by  Waldeyer,*  in  which  the  newer  work  up  to  that  time  waa 
summarized.  The  main  facts  upon  which  the  conception  rests  were  furnished 
bf  His  (1886),  to  whom  we  owe  the  genemlly  accepted  belief  that  the  nerve 
fiber  (axis  cylinder)  is  an  outgrowth  from  the  cell,  and  secondly  by  Golgi, 
Cajal,  and  a  host  of  other  workers,  who,  by  means  of  the  new  method  of  Goki, 
demonstrated  the  wealth  of  branches  of  the  ner\'e  cells,  particularly  of  the 
dendrites,  and  the  mode  of  connection  of  one  nen-e  unit  with  another.  The 
view  that  these  units  are  anatomically  independent  and  on  the  embryological 


Fig.  59. — Motor  cell,  anterior  horn  of  gray  matter  of  cord.    From  hum&n  fetua  (I/mJkot- 
tek):    *  marks  the  axon;    the  other  branches  are  dendrites. 


side  arc  derived  each  from  a  single  epiblastic  cell  (neuroblast)  has  proved 
acceptable  and  most  helpful;  but  the  validity  of  this  hypothesis  has  been 
called  into  question  from  time  to  time.  As  was  stated  on  p.  127,  Bethe  has 
claimed  tliat  in  young  animals  the  nuclei  of  the  ncurilemmal  sheath  may 
regenerate  a  new'nerve  fiber  containing  axis  cylinder  and  myelin  sheath,  and 
this  fact,  if  true,  at  once  brings  into  question  the  hitherto  accepted  belief 

*  "Deut.  med.  Wochenschrift,"  1801,  p.  50. 
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rlicuJer  can  Ite  fonxicti  only  a.-*  Rn  outgrowth  from  a  nerve  cell. 

lit*— Apatliy.    Bcthe,    Nis«l— haw    also    attacked    the    mont 

hntentAl  feature  of  the  neuron  doctrine — the  view,  namely,  that  each 
mrpD  lYpreBrnLs  an  in(Je|M-mient  anntomicul  element.  Thefie  authors 
iatAl  that  Ute  neiirftfibrils  of  the  axin  ej'limler  paw  through  the  nerve  celU 
nd  flSUr  by  way  of  a  network  into  direct  connection  with  the  neurofibrils 
dolbirn'  "  '  '-e  Kip.  64).  The  neurofibrils  form  a  continuum  through 
^yA  BfT  -••«  jni'is  without   a  break  from  neiiron  Ui  neuron.     Ae- 

WiiH  to  ..—  -  :.ifption,  the  ganglion  cells  play  no  tlirtH't  part  in  the  con- 
dM^B  ti  the  tmpuUe  from  one  part  of  the  nervous  KyMem  to  anotlier; 
lir  mnAbrila  alone,  ami  the  inlracelhilar  and  (>eriecltular  networks  with 
wbAtber  ronnrct,  form  the  comiucting  |)athH  that  are  everywhere  in  con- 
tmuity.  In  tbr  explanation  given  below  of  the  activities  of  the  nervous 
mm,  ibe  author,  following  the  usual  custom,  makes  use  of  the  neuron 

The  Varieties  of  Neurons. — The  neurons  difTer  greatly  in 
MM,  ihape,  and  Internal  structure,  and  it  is  impossible  to  classify 
them  with  entire  success  from  cither  a  physiological  or  an  anatomical 
ttiadpoint.  Neglecting  the  unusual  forms  whose  occurrence  is 
Utad  and  whose  stnictiire  is  perhaps  incompletely  known,  there 
vt  three  distinct  131503  whose  form  and  structure  throw  some 
fight  on  their  functional  significance: 

L  Hie  bipolar  cells.  This  cell  is  found  in  the  dorsal  root  gan- 
fSlofthe  spinal  ner\'es  and  in  the  ganglia  attached  to  the  sensory 
(ten  of  the  cranial  nerves,  the  ganglion  semilunare  (Gasserian) 
far  the  fifth  cranial,  the  g.  genicidi  for  the  seventh,  the  g.  vestibu- 
iw  Kid  g,  spHrale  for  the  eighth,  the  g.  superius  and  g.  petrosum 
fvthe  ninth,  the  g.  jugulare  and  g.  nodosum  for  the  tenth. 

Ttie  typical  cell  of  this  group  is  fotmd  in  the  dorsal  root  ganglia. 
lotheatlult  the  two  processes  arise  as  one,  so  that  the  cell  seems  to 
he  onipolar,  but  at  some  distance  from  the  cell  this  process  divides 
*  T|  one  branch  passing  into  the  spinal  cord  via  the  posterior 
1*)^  the  other  entering  the  spinal  nerve  as  a  sensory  nerve  fiber 
to  hi  distributed  to  some  sensor^'"  surface.  Both  processes  become 
ttdulUted  and  form  typical  nerve  fd^ers.  That  these  apparently 
OipoUr  cells  are  re^illy  bipolar  is  shown  not  only  by  this  division 
l&lotwo  distinct  fibers,  but  also  by  a  study  of  their  developm'uit 
W  the  embpf-o.  In  early  emljnr'onic  life  the  two  processes  arise 
ft>ia  different  poles  of  the  cell,  and  later  become  ftised  into  an  ap- 
putmtly  simple  process  (Fig.  60).  Tlie  striking  characteristics  of 
WimH,  therefore,  are  that  it  gives  rise  to  two  ncn-e  fibers,  an<l  that 
no  dendritic  processes.  On  the  physiological  side  these 
t  be  designated  as  sensory  cells,  since  they  appear  to  be 
.ted  always  with  sensory  nerve  fibers. 

TlMt  B«rve  vr\U  found  in  the  senHory  fcunglin  exhibit,  as  a  matt<*r  of  fact, 

r.<  ilifftrcni  f  v|>e»,  somc  of  which  poH»es4»  short  dendritic  prtxreiwes, 

I  hfe'  >tion8  cannot  as  yet  be  given  a  physiological  Hignih* 

,  twjt  -  r«'nee  certainly  seems  to  indicate  a  possibility  that 

^uigUtt  niAy  have  a  much  more  varied  physiological  activity 


\ 
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tittn  has  been  attriboted  to  them  heretofore.  For  a  description  of  these 
SuiglU  and  a  daasificatjon  of  their  cells  under  ei^t  different  types  oon- 
nh  Cajal  in  "Er^ebniase  der  Anat.  a.  Entwickehu^psgeschichte,"  vd.  xvL, 
1906,  and  Dopel,  "Ban  der  SpinalgM^ien,  etc.,"  Jena,  1906. 

So  far  as  the  aensory  fibers  of  the  spinal  and  cranial  nerves 
are  concerned,  it  is  worth  noting  also  that  all  of  them  arise  fron&. 
cells  lying  outside  the  main  axis  of  the  central  nervous  syBtem- 
It  has  been  a  question  whether  the  sensory  impulses  brought^ 
to  the  gangjUon  cells  through  the  peripheral  process  (sensory^ 


i  IK.  60. — lli[x>Ur  cells  in  the  posterior  root  B&nglion.  S^btton  throogii  as>inal  gui- 
gSOD  of  newborn  moune  (LenhiMaek)i  a.  Tbe  spinal  i^ngUon;  6»  the  liiiiuu  oord;  c»  tbc 
poetenor,  a,  the  ftnterior  root. 

fiber)  pass  into  the  body  of  the  cell  before  going  on  to  the  cord 
or  brain,  or  whether  at  the  junction  of  the  two  processes  they 
simply  pass  on  directly  to  the  cord.  According  to  the  histo- 
logical structure  there  is  no  apparent  reason  why  an  impulse 
should  not  pass  directly  from  the  peripheral  to  the  central 
process  at  the  junction,  but  whether  or  not  this  really  occurs 
and  the  relation  of  the  ganglion  cell  to  the  conducting  path  are 
questi(ms  that  must  be  left  unsettled  at  present. 

11.  The  multipolar  cells.  The  processes  of  these  cells  fall  into 
two  groups:  the  short  and  branching  dendrites  with  an  inner 
structure  resembling  that  of  the  cell  I)ody,  and  the  axon  or  axis 
cylinder  process  (Fig.  59).  According  to  the  structure  of  this  last 
process,  this  type  may  be  classified  under  two  heads:  Golgi  cells  of 
the  first  and  the  second  type.  The  cells  of  the  first  type  are  charac- 
terized by  the  fact  that  the  axon  leaves  the  central  gray  matter  and 
becomes  a  nerve  fiber.  This  nerve  fiber  within  the  central  nervous 
system  may  give  off  numerous  collaterals,  each  of  which  ends  in  a 
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I  arborisation.  By  this  means  the  neurons  of  this  type  may 
ht  brought  into  physiological  connection  with  a  number  of  other 
nrunius.  This  kind  of  nerve 
ccii  b  frequently  described 
H  the  typical  nerve  cell. 
Golp  suppoaed  that  it  rep- 
meoU  the  motor  type  of 
aUf  And  this  view  is,  in  a 
■■iwni,  borne  out  by  hu1>- 
squMit  inveetigation.  The 
dbtittctly  motor  cells  uf  the 
Mttnl  nervous  system  — 
lorli,  for  instance,  as  tli' 
prnmidal  cells  of  the  cen 
Mooftejc,  the  anterior  horn 
ftBiof  the  spinal  cord,  the 
f^lrkinjc  cells  of  the  cere- 
InDom— all   belong  to  this 


L.— <«oU  e»U  C««on<l  type). 
i»  diTMM  into  ft  number  of 
H. — (From  06«r«lrtn«r,  aller 


Fig.  62.  — Normfcl  anl*rior  horn  cell 
(Wamnt/ton'),  fbowinc  the  Ninl  gnuiulea  in  Ihv 
cell  and  UeDdfilea:  a.  The  axon. 


I 


tfp^  But  within  the  nerve  axis  most  of  the  conduction  from 
oeurun  to  neuron,  along  sensory  as  well  as  motor  paths,  is  made 
with  Ibc  aid  of  such  structures,  the  dendrites  being  the  receptive 
aenaory  organ  and  the  axon  the  motor  apparatus. 
The  CfO\gi  ci'lls  of  the  second  tyf>e  (Fig.  61)  are  relatively  less 
Bnraeruus  and  important.  They  are  characterized  by  the  fact 
thst  the  axon  process  instead  of  forming  a  norv'e  fiber  splits  into 
a  great  numlnT  of  bnmches  within  the  gray  matter.     A;$suining 
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that  in  such  cells  the  distinction  between  the  axon  and  the  den* 
drites  is  well  made  and  that  as  in  the  other  type  the  dendrites 
form  the  receiving  and  the  axon  the  discharging  apparatus, 
these  cells  would  seem  to  have  a  distributive  function.  The 
impulse  that  they  receive  may  be  transmitted  to  one  or  many 
neurons.  They  are  sometimes  spoken  of  as  intermediate  or 
association  cells. 

Internal  Structure  of  the  Nerve  Cell. — Within  the  body  of 
the  nerve  cell  itself  the  striking  features  of  physiological  signifi- 
cance are,  first,  the  arrangement  of  the  neurofibrils,  and,  second,  the 


Fig.  63. — Anterior  horn  cell  fourteen  daya  after  section  of  the  anterior  root  (Warring 
ton) :  To  show  the  change  in  the  nucleus  and  the  Niasl  granules,  beginning  cbromatdjHS. 

presence  of  a  material  in  the  form  of  granules,  rods,  or  masses 
which  stains  readily  with  the  basic  anilin  dyes,  such  as  meth^'lene 
blue,  thionin,  or  toluidin  blue.  This  latter  substance  is  spoken  of 
as  the  "chromophile  substance,"  tigroid,  or  more  frequently  as 
Nissl's  granules,  after  the  histologist  who  first  studied  it  succe^- 
fully.  These  masses  or  granules  are  found  in  the  dendrites  as  well 
as  in  the  cell,  but  are  absent  from  the  axon  (see  Fig.  62).  Little  is 
known  of  their  composition  or  significance,  but  their  presence  or  ab- 
sence is  in  many  cases  characteristic  of  the  physiological  condition 
of  the  cell.  After  lesions  or  injuries  of  the  neuron  the  material  may 
become  dissolved  and  diffused  through  the  cell  or  may  decrease  in 
amount  or  disappear,  and  it  seems  probable,  therefore,  that  it  repre- 
sents a  store  of  nutritive  material  (Fig.  63).  The  non-staining 
material  of  the  cell,  according  to  most  recent  observers,  contains 
neurofibrils  which  are  continued  out  into  the  processes,  dendrites  as 
well  as  axons.  These  fibrils  may  be  regarded  as  the  conducting 
structure  along  which  passes  the  nerve  impulse.  The  arrangement 
of  these  fibrils  within  the  cell  is  not  completely  known,  the  residts 
obtained  varying  with  the  methods  employed.  A  matter  of  far- 
reaching  importance  on  the  physiological  side  is  the  question  of 
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tk  exUtenoe  of  an  extracellular  nen-^ous  network.  Most  recent 
hstologistfi  agree  in  the  belief  that  there  is  a  delicate  network 
KnDQ&diiig  the  celb  and  their  protoplasmic  processes.  This 
periccUuIar  net  or  Golgi's  net  is  claimed  by  some  to  be  a  ner- 
vous structure  connecting  with  the  neurofibrils  inside  the  cell 
And  forming  not  cmly  a  lx)nd  of  union  between  the  neuron>»,  but 
poaibly  aUio  an  important  intercellular  nervous  structure  that 
Bttypby  an  important  role  in  the  functions  of  the  ner\e  centers. 
Thk  view  is  represented  schematically  in  Fi^.  64.  According  to 
,thLs  network  around  and  outside  the  cells  is  a  supporting 
iiply  that  takes  no  jmrt  in  the  activity  of  the  nerve  units. 


U — Brtb<i'fl  «rh«mft  lo  Uulioftte  fha  eonnecttocu  of  the  pericellular  network: 
A  ^tmoTf  cell  in  the  pcMi«hor  root  analioa ;  the  fihrila  lii  the  branch  that  runa  to  the 
lAratedwateU  ae  euoDecling  diroctly  with  the  pericellular  network  of  the  motor  cclla. 


Geoeral  Physiology  of  the  Nerve  Cell. — Modem  physiologists 
kive  oon-i>i«'n>d  the  cell  body  of  the  neuron,  including  the  den- 
the  stjurce  of  the  oneig>'  displayed  by  the  nervous  system, 
it  haa  !xH»n  assumed  that  tliLs  energ\^  arist^s  from  chemical 
in  the  ncr\'e  cell,  as  the  energ>'  liberated  by  the  muscle 
i  from  or  is  dependent  upon  the  chemical  changes  in  its  sul>- 
slaocv.  It  would  follow  from  this  standpoint  that  evidences  of 
f|jffl^i#!al  activity  should  t>e  obtaine<l  from  the  relLs  and  ttiat  these 
ckmralii  fthould  exhil>it  the  phenomenon  of  fatigue.  Regarding 
thkh  laltor  point,  it  is  believed  in  physiolojo'  that  the  nerve  cells  do 
^aliuw  fatigue.  The  nerve  centt'rs  fatigue  as  the  result  of  continuoas 
tivity,  as  is  evident  from  our  personal  experience  in  prolongt^l  in- 
rtual  or  emotional  activity  and  as  is  implied  in  the  necessity  of 
for  recuperation  and  by  the  rapidity  with  which  functional 
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activity  is  lost  on  withdrawal  of  the  blood  supply.  Objectively, 
also,  it  has  been  shown  in  the  ergographic  experiments  (see  p.  50) 
that  the  well-known  fatigue  of  the  neuromuscular  apparatus  pos- 
sibly affects  the  nerve  centers  as  well  as  the  muscle.  Aasimiing  that 
the  nerve  cells  are  the  effective  agent  in  the  nerve  centers,  such  facts 
indicate  that  they  are  susceptible  to  fatigue  under  what  may  be  des- 
ignated as  the  normal  conditions  of  activity.  But  we  have  no  very 
direct  proof  that  this  property  is  possessed  imiversally  by  the  nerve 
cells  nor  any  indication  of  the  probable  differences  in  this  regard 
shown  by  nerve  cells  in  different  parts  of  the  central  nervous  system. 
It  seems  probable  that  under  normal  conditions-^that  is,  under 
the  influence  of  what  we  may  call  minimal  stimuli — some  portions 
of  the  nerve  centers  remain  in  more  or  less  constant  activity  during 
the  day  without  showing  a  marked  degree  of  fatigue,  just  as  our 
muscles  remain  in  a  more  or  less  continuous  state  of  tonic  con- 
traction throughout  the  waking  period  at  least.  Doubtless  when 
the  stimulation  is  stronger  the  fatigue  is  more  marked,  because  the 
processes  of  repair  in  the  nerve  centers  can  not  then  keep  pace 
with  the  processes  of  consumption  of  material.  In  general,  it 
may  be  held  that  every  tissue  exhibits  a  certain  balance  between 
the  processes  of  consumption  of  material  associated  with  activity 
and  the  processes  of  repair.  If  a  proper  interval  of  rest  is  allowed, 
the  tissue  will  function  without  exhibiting  fatigue,  as  is  the  case 
with  the  heart  and  the  respiratory  center.  If,  however,  the  stimu- 
lation is  too  strong  or  is  repeated  at  too  brief  an  interval,  then  the 
processes  of  repair  do  not  keep  pace  with  those  of  consumption, 
or  the  products  of  functional  activity  are  not  completely  removed, 
and  in  either  case  we  have  the  phenomenon  of  fatigue,  that  is  to  say, 
a  depression  of  normal  irritability.  The  point  of  importance  is 
to  determine  the  differences  in  this  respect  between  the  different 
tissues.  Our  a(;tual  knowledge  on  this  point  as  regards  nerve 
cells  is  quite  incomplete.  Evidence  of  a  probable  chemical 
change  in  the  nerve  cells  during  activity  is  found  in  the  readi- 
ness with  which  the  gray  matter  of  the  nervous  system  takes 
on  an  acid  reaction.*  In  the  fresh  resting  state  it  is  prob- 
ably alkaline  or  neutral,  but  after  death  it  quickly  shows  an 
acid  reaction,  due,  it  is  said,  to  the  production  of  lactic  acid.  Its 
resemblance  to  the  muscle  in  this  respect  leads  to  the  inference 
that  in  functional  activity  acid  is  also  produced.  Mosso  states 
that  in  the  brain  increased  mental  activity  is  accompanied  by  a 
rise  in  the  temperature  of  the  brain,  t  His  experiment  were  made 
upon  individuals  with  an  opening  in  the  skull  through  which  a 

•  LangendoHT,  "Ccntralbl.  f.  d.  med.  Wiss.,"  1886.     See  aJso  Halliburton^ 
"The  Croonian  Lectures  on  The  Chemical  Side  of  Nervous  .\ctivity,'*  1901. 
t  M0880,  "Die  Teinperatur  des  Gehirns/*  1894. 
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ddcftte  thermometer  could  l)e  inserted  so  as  to  lie  in  contact  with 
boizL  So  also  the  facts  briefly  mentioned  in  regard  to  the  Nissl 
puuks  give  some  corroborative  evidence  that  the  activity  of 
tbe  nervous  s>'6tom  is  acconij>anjcd  by  and  probably  caused  by 
t  »MnW^  change  within  the  celbi,  since  the  excessive  activity  of 
Uie  nenre  cells  aeems  to  be  accompanied  by  some  change  in  these 
fuaaks,  and  in  abnormal  conditions  associated  with  loss  of  func- 
tkaal  acti\ity  the  granules  undergo  chroinatolyttls, — that  is,  they 
aitdisiutcgmted  and  dissolved.  Obvious  histological  changes  which 
inply,  of  oouree,  a  change  in  chemical  structure,  have  been  observed 
hf  A  number  of  investigators.*  All  seem  to  agree  that  activity  of 
tb  tMBUty  whether  normal  or  induce<l  by  artificial  stimulation, 
Sir  euise  \isible  changes  in  the  appearance  of  the  cell  and  its 


»  J 


.^c^'^y 


w-m?  ^ 


FSc  6&. — Spina]  VBAdiao  edls  from  RnslUh  sparmwn.  to  ahnw  the  duly  varimtion  in 

irftzi€«  of  the  celu  due  to  normnl  Bcti\-ity:   A.  Appenranoe  of  c«lU  at  the  and  of 

tlfty :   li,  «p(iear»Dc«  of  cells  in  itte  niomiriff  after  a  itiKht's  rp«t.     Tbe  cytoplaom 

I  with  clear.  lentieuUr  maMcs,  which  ore  uiucb  wore  evident  in  tbe  rented  cells  thftA 

m  faUcoeil.— (//odffff.) 

nucleus.  Activity  within  normal  limits  may  cauwe  an  increase  in 
the  fdze  of  the  coll  together  with  a  diminution  in  the  stainabic 
(XimI)  icubstiince,  and  excessive  activity  a  diminution  in  size  of  the 
oeO  mod  the  nucleus,  the  formation  of  vacuoles  in  the  cell  body, 
BOd  6  nuirked  effect  upon  the  ^tainable  material.  Hodge  has 
that  in  birds,  for  instance,  the  spinal  ganglion  cells  of  a 
7  killtMi  ut  nightfall  after  a  day  of  activity  exhibit  a  marked 
Imb  of  substance  as  compared  with  similar  celb  from  an  animal 
kiUrd  in  ihe  early  morning  (Fig.  65).  Dolleyf  also  states  that  in 
•JV^   «*jw?ciiilly    Hu*i('f',    "Journal   of   Mori>holog;>'."    7,   1>5,    18t«2,   and 

ol  I  laiM 

't  Doliey,  '^Vnicrican  JounuU  of  Physiolog>'/'  25,  151,  19W. 
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the  dog  the  cerebellar  cells  exhibit  a  definite  series  of  changes  in 
the  chromatic  substance,  both  that  within  the  nucleus  and  that 
within  the  cytoplasm  (Nissl's  granules)  following  upon  prolonged 
muscular  activity  or  after  such  conditions  as  shock  or  anemia. 
If  these  conditions  are  extreme,  the  chromatin  material  may  be 
entirely  removed  from  the  cells,  and  this  he  interprets  as  an  indica- 
tion of  a  functionally  exhausted  cell. 

It  must  be  remembered,  however,  that  our  knowledge  of  the 
nature  of  the  chemical  changes  that  occur  in  the  cell  during  activity 
is  very  meager.  Presumably  carbon  dioxid  and  lactic  acid  are 
formed  as  in  muscle,  and  we  know  that  oxygen  is  consumed. 
Enough  is  known  perhaps  to  justify  the  general  view  that  the  energy 
exhibited  by  the  nervous  system  is  derived,  in  the  long  run,  from 
a  metabolism  of  material  in  the  nerve  cells,  a  metabolism  which 
consists  essentially  in  the  splitting  and  oxidation  of  the  complex 
substances  in  the  protoplasm  of  the  cell. 

Summation  of  the  Effects  of  Stimuli. — In  a  muscle  a  series 
of  stimuli  will  cause  a  greater  amount  of  shortening  than  can  be 
obtained  from  a  single  stimulus  of  the  same  strength.  In  this  case 
the  effects  of  the  stimuli  are  summated,  one  contraction  taking 
place  on  top  of  another,  or  to  put  it  in  another  way,  the  muscle 
while  in  a  condition  of  contraction  from  one  stimulus  is  made  to 
contract  still  more  by  the  following  stimulus.  In  the  nerve  fiber 
such  a  phenomenon  has  not  been  demonstrated.  In  the  nerve 
cell  it  is  usually  taught  that  the  power  of  summation  is  a  charac- 
teristic property.  It  is  pointed  out  that,  while  a  single  stimulus 
applied  to  a  sensory  nerve  may  be  ineffective  in  producing  a  reflex 
response  from  the  contra!  nervous  system,  a  series  of  such  stimuli 
will  call  forth  a  reaction.  In  this  case  it  is  assumed  that  the  effects 
of  the  succeeding  stimuli  are  summated  within  the  nerve  cells 
through  which  the  reflex  takes  place,  and,  generally  speaking,  it 
is  assumed  in  physiology  that  the  nerve  centers  are  adapted  by 
their  power  of  summation  to  respond  to  a  series  of  stimuli  or  to 
continuous  stimulation.  The  best  examples  of  this  kind  of  action 
are  obtained  perhaps  from  sensory  nerves,  in  which  case  we  judge 
of  the  intensity  of  the  cell  activity  by  the  concomitant  sensation, 
or  by  a  reflex  response. 

Response  of  the  Nerve  Cell  to  Varying  Rates  of  Stimula- 
tion.— ^The  various  parts  of  the  neuromuscular  apparatus — 
namely,  the  ner\'e  cell,  the  nerve  fiber,  and  the  muscle  fiber — have 
different  degrees  of  responsiveness  to  repeated  stimuli,  and  this 
responsiveness  varies,  moreover,  for  the  different  kinds  of  mus- 
cles and  of  nerve  fibers,  and,  probably  for  the  different  kinds 
of  nerve  cells.  The  motor  cells  of  the  brain  and  cord  discharge 
their  impulses  under  normal  stimulation  at  a  certain  rhythm 
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»'hich  was  formerly  supposed  to  averng(»  ubout  10  per  second, 
but  is  now  estimated  as  vun-ing  between  certain  wide  limits, 
perhaps  from  40  to  100  per  second  (p.  46).  For  iiny  particular 
group  of  these  motor  cells  the  evidence  indicates  that  it  has  a  prac- 
tically constant  rate  whatever  may  be  the  intensity  of  the  stimulus 
— and,  indeed,  when  artificial  stimulation  is  used  and  the  rate  is 
vari«>d,  the  evidence  that  we  have  so  far  appears  to  show  that 
the  ner\"e  cells  do  not  discharge  in  a  one  to  one  correspondence 
with  the  rate  of  stimulation,  as  is  the  case,  within  limitiKi  for 
and  ner\T  fibers.  On  the  contrary,  under  such  circum- 
the  discharge  from  the  nerve  cells  takes  place  in  a  rhythm 
characteristic  of  the  cells  and  independent  of  that  of  the  stimula- 
tioa.*  From  this  point  of  view  we  must,  look  upon  these  nerve 
ceDa  as  possessing  fundamentally  a  rhythmic  activity^  as  in  the 
of  the  heart.  There  is  no  dc>ul)t,  howev*Tj  tliat  some  at  least 
the  motor  cells  of  the  spinal  cord  can  \*e  stimulated  by  a  single 
iulus  so  as  to  respond  with  a  single  distharge  iostea*!  of  a  rhj^h- 
series  of  discharges.  As  will  Ije  described  below^  the  knee- 
Idck  is  a  simple  muscular  contraction,  not  a  tetanus,  which  is 
■rouaed  by  reflex  stimulation  of  the  corresponding  motor  cells  in 
the  spinal  cord. 

The  Refractory  Period  of  the  Nerve  Cell, — It  will  be  recalled 
the  ner\'e  filw^r  exhibits  what  is  called  a  refractor}'  period  for  a 
interval  f0.002  to  0.00*5  sec.)  after  it  is  stimulated.  During 
period  it  is  not  irritable  to  a  second  stimulus.  The  same 
lomeuon  is  exhibited  to  a  marked  degree  by  the  heart  muscle 
axul  likei^'ise  by  many  nerve  cells.  In  the  motor  nerve  cell  which 
•bows  the  property  of  discharging  a  series  of  impulses  with  rhythmic 
rcfiulanty  it  may  l>e  supposed  that  the  refrac1or\'  period  is  marked, 
and  indei»d  is  connected  probably  with  the  rhythmic  character  of 
the  ceirs  activity.  But  in  this  as  in  other  properties  it  is  certain 
that  there  are  great  differences  in  the  many  varieties  of  nerve  cells 
found  in  the  central  nervous  system.  While  those  that  act  rhjih- 
nucaliy  have  probably  a  relatively  long  refractory  period,  others 
tnaj'  exhibit  a  period  of  unirritability  but  little  longer  than  that 
shown  by  the  nerve  fibers.  In  the  case  of  the  reflex  motor  centers 
in  the  lumbar  spinal  cord  of  the  frog  it  is  stated  (LangendorfT)  that 
a  second  stimulus  falling  at  an  interval  of  0.04  sec.  after  the  first 
ia  effective.  The  refractory  period  of  these  cells  is  less,  therefore, 
than  this  interval. 

•  Horale>'  and  Sohifer,  "Journal  of  Physiology,"  7,  96,  lS8(i. 


CHAPTER  VII. 
REFLEX  ACTIONS. 

Definition  and  Historical. — ^By  a  reflex  action  we  mean  the 
involuntary  production  of  activity  in  some  peripheral  tissue  in 
consequence  of  a  stimulation  of  afferent  nerve  fibers.  The  conver- 
sion of  the  sensory  or  afferent  impulse  into  a  motor  or  efferent 
impulse  is  effected  in  the  nerve  centers,  and  may  be  totally  uncon- 
scious as"  well  as  involuntary, — for  instance,  the  emptying  of  the 
gall-bladder  during  digestion,  or  it  may  be  accompanied  by  con- 
sciousness of  the  act,  as,  for  example,  in  the  winking  reflex  when  the 
eye  is  touched.  The  application  of  the  term  reflex  to  such  acts 
seems  to  have  been  made  first  by  Descartes*  (1649),  on  the  analogy 
of  the  reflection  of  light,  the  sensory  effect  in  these  cases  being 
reflected  back,  so  to  speak,  as  a  motor  effect.  The  attention  of  the 
early  physiologists  was  directed  to  these  involuntary  movements 
and  many  instances  were  collected,  both  in  man  and  the  lower  ani- 
mals. Their  involuntary  character  was  emphasized  by  the  dis- 
covery that  similar  movements  are  given  by  decapitated  animals, — 
frogs,  eels,  etc. 

Some  of  the  earlier  physiologists  thought  that  the  reflex  might 
occur  in  the  anastomoses  of  the  ner\''e  trunks,  but  a  convincing 
proof  that  the  central  nervous  system  is  the  place  of  reflection  or 
turning-point  was  given  by  Wh}i.t  (1751).  He  showed  that  in  a  de- 
capitated frog  the  reflex  movements  are  abolished  if  the  spinal  cord 
is  destroyed.  Modem  interest  in  the  subject  was  excited  by  the 
numerous  works  of  Marshall  Hall  (1832-57),  who  contributed  a 
number  of  new  facts  with  regard  to  such  acts,  and  formulated  a 
view,  not  now  accepted,  that  these  reflexes  are  mediated  by  a  spe- 
cial set  of  fibers — the  excitomotor  fibers. 

In  describing  reflexes  the  older  physiologists  had  in  mind  only 
reflex  movements,  but  at  the  present  time  we  recognize  that  the 
reflex  act  may  affect  not  only  the  muscles, — voluntary,  involuntary, 
and  cardiac, — but  also  the  glands.  We  have  to  deal  with  reflex 
secretions  as  well  as  reflex  movements. 

The  Reflex  Arc. — It  is  implied  in  the  definition  of  a  reflex 
that  both  sensory  and  motor  paths  are  concerned  in  the  act.     Ac- 

*  See  Eckhard,  "Geschichte  der  Entwiokelun^i  der  I^hre  von  den  Reflex- 
erschemungen/*  "Beitriige  zur  Anatomic  u.  Physiologie,"  Giessen,  1881,  voL 
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^niing  to  the  neuron  theory,  therefore,  the  simplest  reflex  arc 

gjUBt  consist  of  two  neurons:     the  sensory  neuron,  whose  cell 

t^cxiy  hes  in  the  sensory  ganglia  of  the  posterior  roots  or  of 

tb^  cranial  nerves,  and  a  motor  neuron,  whose  nerve  cell  lies 

in  the  anterior  horn  of  gray  matter  of  the  cord  or  in  the  motor 

nucleus  of  a  cranial  nerve.     The  reflex  arc  for  the  spinal  cord 

is   ivpRaente<l    in    Fir.  06.     The   arc   may,   however,   he   more 

eompicai.    The    sensory   tibers    entering    through    the   posterior 

rooU  may  pass  upward  through  the  entire  length  of  the  cord 

to  end  in  the  medulla,  and  on  tlie  way  give  off  a  number  of 

eoOitendfl  as  is  represented   m   Fig.  67,    or  they   may  make 

coimections   with  intermediate   cells   which,   in   turn,   are  con- 

MCted  with  one  or  more  motor  neurons  (Fig.  68).     According 


fti«.- 


k  to  show  the  connection  between  the  neunm  of  the  posterior  root  aod  th« 
Dettroa  of  the  anterior  root, — the  r«0ex  are. 


to  tfaeae  achemata ,  one  sen-^r^-  fiber  may  establish  reflex  connections 
With  a  number  of  different  motor  fibers,  or,  a  fact  which  must  be 
bome  in  mind  in  studying  some  of  the  well-known  reflex  acti\'itie3 
the  cord  and  meihdla  especially,  a  senson^  fil>er  carrjing  an 
abe  which  eventually  reaches  the  cortex  of  the  cerebrum  and 
rise  to  a  conscious  sensation  may,  by  means  of  its  collaterals, 
tonnert  with  motor  nuclei  In  the  cord  or  medulla  and  thus  at  the 
ttme  time  give  origin  to  invoIuntar\'  and  eveB  unconscious  re- 
,  Painful  stimulation  of  the  skin,  for  example,  may  give 
ft  conscious  sensation  of  pain  and  at  the  same  time  reflexly 
ttiroulate  the  vasomotor  center  and  cause  a  constriction  of  the 
;  arteries.  The  fact  that  in  this  case  two  distinct  events  occtir 
not  necesHitate  the  assumption  that  the  impulses  from  the 
kin  are  carried  to  the  cord  by  two  different  varieties  of  fibers. 
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It  may  well  be  that  one  variety  of  senson^  neuron,  the  so-called 
pain  fibers,  effects  both  results,  because  of  the  opportunities  in 
the  cord  for  connections  with  difTcrcnt  groups  of  nerve  cells. 

The  Reflex  Frog. — The  motor  reflexes  from  the  spinal  cord 
can  be  studied  most  successfully  upon  a  frog  in  which  the  brain 
has  been  destroycti  or  whose  head  has  been  cut  off.  After  such 
an  oix^ration  the  animal  may  for  a  time  suITer  from  shock,  but 
a  \ngorous  animal  \\*ill  usually  recover  and  after  some  hours  will 


A 


Fig.  07. — Kolliker'*  Bchemi  to  show 
the  direct  reflex  arc.  U  oliows  the  pos- 
terior root  fiber  (black}  entering  the 
cord,  diviiiinff  in  Yi  a^i<l  coimecrinR  with 
motor  oelia  (reU)    by  meaaa  of  cuUaEer- 


Fi«.  ft8.  — KoUiker's  schema  to 
ahow  the  reflex  arc  with  Intercal- 
Ated  tract  colls.  Poeterior  root  fiber, 
black;  intercalated  tract  cell,  blue; 
motor  cells,  red. 


exhibit  reflex  movements  that  are  most  interesting.  The  funda- 
mental characteristics  of  reflex  movements  in  their  relations  to  the 
place,  intensity,  and  quality  of  the  stimulus  can  be  studied  vnXh 
more  ease  upon  an  animal  n-hose  cord  is  thus  severed  from  the 
brain  than  upon  a  normal  animal.  In  the  latter  case  the  connec- 
tions in  the  nervous  system  are  more  complex  and  the  reactions 
are  therefom  less  simple  and  less  easily  kept  constant. 

Spinal  Reflex  Movements. — The  reflex  rnovementfi  obtained 
from  the  spinal  cord  or  from  other  parts  of  the  centnd  nervous  system 
may  be  divided  into  three  groups  by  characteristics  that  are  physio- 
logically signihcant.  These  classes  are:  (1)  Simple  reflexes,  or 
those  in  which  a  single  muscle  is  afTected.    The  best  example  of 
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\bbf  iP>^P  is  perhaps  the  winking  reflex,  in  which  only  the  orbic- 

li^ria  palpebrarum   is   concerned.     (2)   Co-ordinated    reflexes,  in 

■Juch  a  number  of  muscles  react  \\ith  their  contractions  so  grad- 

u  to  time  and  extent  as  to  produce  an  orderly  and  useful 

il.     (3)  Con%'ulsive  reflexes,  such  us  are  seen  in  spasms, 

ia  which  a  n\miber  of  muscles — perhaps  all  the  muscles — are  con- 

fiselcd  convulsively,   without   co-onUnation   and   with   the   pro- 

jmitkiri  of  disonleriy  and  useless  movement.^.     Of  these  groups, 

ibe  c<H>rdinated  reflexes  are  by  far  the  most  interesting.    They 

can  be  obtained  to  perfection  from  the  reflex  frog.     In  such  an 

tfitiDBi  no  spontaneous  movements  occur  if  the  sensory  surfaces  are 

cntiitlY  protected  from  stimulation.     A  sudden  stimulus,  however, 

d  mlficient  strength  applied  to  any  part  of  the  skin  will  give  a 

Maitf  and  practically  invariable  response  in  a  movement  which 

histhe  Appearance  of  an  intentional  effort  to  escape  fnjin  or  n^move 

ll*  Himulus.    If  the  toe  is  pinched  the  foot  is  withdrawn — in  a 

|0de  manner  if  the  stimulus  is  Light,  more  rapidly  and  violently, 

bulctill  in  a  co-ordinated  fashion,  if  the  stimulus  is  strong.     If 

the  animal  is  suspended  and  various  spots  on  its  skin  are  stimulated 

by  the  applicoition  of  bits  of  paper  moititened  with  dilute  acetic 

•cid  th»  animal  will  make  a  neat  an<l  .skillful  movement  of  the 

cont^wndinjr  leg  to  remove  the  stimulating  body.    The  reactions 

tm  he  varied  in  a  mmaber  of  ways,  and  in  all  cases  the  striking 

fcitupte  of  the  reflex  response  are,  first,  the  seemingly  purposeful 

fbinwtcr  of  the  movement,  and,  second,  the  almost  mechanical 

eiirtnesa  xnih  which  a  definite  .stimulus  will  give  a  definite  response. 

Ttedpfinite  relationship  holds  only  for  sensor\'  stinniliition  of  the 

•3rt«nttl  integument,  the  skin  and  its  organs.    It  Is  obvious,  in 

^^  Uiat  a  muscular  response  can  be  effective  only  for  stimuli 

"n?initing  from  the  external  surface.     Stimuli  fnini  the  interior 

o(thil)ody  exert  their  reactions,  for  the  most  part,  upon  the  plain 

otBtulature   and    the   glands.     The   convulsive   reflexes   may   l>e 

P^lncfii  b>"  two  different  means:    fli  By  ver>'  intense  sensory 

"'f:'  iUtion.    The  reflex  response  in  this  case  overflows,  as  it  were, 

■  ■"  '^l  The  motor  paths.     A  variation  of  this  method  is  seen  in  the 

•-■Uiin\\n  convulsive  reaction  that  follows  tickling.     In  this  case 

•   ^  xtimulus.  although  not  intense  from  an  objective  standpoint, 

•  ofivmuflly  violent  from  the  standp<iint  of  its  effectiveness  in 

*>JiD|  Into  the  central  nervo\is  system  a  series  of  maximal  sensory 

^XtheB^     (2)   By  heiuhtening  the  irritidnlity  of  the  central  nervous 

9Viat.    Upon  the  reflex  frog  this  effect  Is  obtained  most  readily 

)?  the  uae  of  str}'chnin.     A  Httle  str\'chnin  injected  under  the 

ttilisiocm  absorbed  and  it9  effect  is  shown  at  first  by  a  greater 

■ttitireiicfls  to  cutaneous  .stimulation,  the  slightest  touch  to 

the  foot  causing  its  withdrawal.     Soon,  however,  the  response, 

BMtead  "f  ^--in-j  orderly  and  adapted  to  a  useful  end,  becomes 
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convulsive.  A  mere  touch  of  the  skin  or  a  current  of  air  will  throw 
every  muscle  into  contraction,  and  the  extensors  being  stronger  than 
the  flexors  the  animal's  body  becomes  rigid  in  extension  at  every 
stimulation.  The  explanation  usually  given  for  this  result  is  thaf> 
the  strychnin,  acting  upon  some  part  of  the  nerve  cells,  increaseat 
greatly  their  irritability,  so  that  when  a  stimulus  is  sent  into  the- 
central  nervous  system  along  any  sensory  path  from  the  skin  it 
apparently  radiates  throughout  the  cord  and  acts  upon  all  the 
motor  cells.  This  latter  supposition  leads  to  the  interesting  con- 
clusion that  all  the  various  motor  neurons  of  the  cord  must  be  in 
physiological  connection,  either  direct  or  indirect,  with  all  the 
neurons  supplying  the  cutaneous  surface.  The  further  fact  that 
under  normal  conditions  the  effect  of  a  given  sensory  stimulus  is 
manifested  only  on  a  limited  and  practically  constant  number 
of  the  motor  neurons  seems  to  imply,  therefore,  that  normally  the 
paths  to  these  neurons  are  more  direct  and  the  resistance,  if  we 
may  use  a  somewhat  figurative  term,  is  less  than  that  offered  by 
other  possible  paths.  Muscular  spasms  are  observed  under  a  number 
of  pathological  conditions, — for  instance,  in  hydrophobia.  We  are 
at  liberty  to  assume  in  such  cases  that  the  toxins  produced  by  the 
disease  affect  the  irritability  of  the  cells  in  much  the  same  way  as 
the  strychnin. 

Theory  of  Co-ordinated  Reflexes. — The  purposeful  character 
of  the  co-ordinated  reflexes  in  the  frog  gives  the  impression  to  the 
obser\'er  of  a  conscious  choice  of  movements  on  the  part  of  the 
brainless  animal.  Most  phj-siologists,  however,  are  content  to  see 
in  these  reactions  only  an  expression  of  the  automatic  activity 
of  a  mechanism.  It  is  assumed  that  the  sensor}^  impulses  from 
any  part  of  the  skin  find,  on  reaching  the  cord,  that  the  paths  to 
a  certain  group  of  motor  neurons  are  more  direct  and  offer  lees 
resistance  than  any  others.  It  is  along  these  paths  that  the  reflex 
will  take  place,  and  we  may  further  assume  that  these  paths  of 
least  resistance,  as  they  have  been  called,  are  in  part  preformed 
and  in  part  are  laid  do\Mi  by  the  repeated  experiences  of  the  indi- 
vidual. That  is,  in  each  animal  a  definite  structure  may  be  sup- 
posed to  exist  in  the  cord;  each  sensor}-  neuron  is  connected  with 
a  group  of  inotor  neurons,  to  some  of  them  more  directly  than  to 
others,  and  we  may  imagine,  therefore,  a  system  of  reflex  apparatuses 
or  mechanisms  which  when  properly  stimulated  \\ill  react  always 
in  the  same  way.  And,  indeed,  in  spite  of  the  adapted  character 
of  the  reflexes  under  consideration  tlieir  automaton-like  regularity 
is  an  indication  that  their  production  is  due  to  a  fixed  mechanical 
arrangement.  Whether  or  not  the  reactions  of  the  nervous  system 
in  such  cases  are  accompanied  by  any  degree  of  consciousness  can 
not  be  proved  or  disproved,  but  the  assumption  of  such  an  accom- 
paniment does  not  seem  necessary  to  explain  the  reaction. 
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Spinal  Rejtexes  in  the  Mammals. — Experiments  upon  the  lower 
manunals  show  that  co-ordinated  reflex  movements  may  he  oh- 
uinwl  from  the  cord  after  severance  of  its  connections  with  the 
faniiL  Sherrington*  has*  descrilx?d  a  simple  operation  by  which  the 
may  be  removed  from  an  anesthetized  cat  and  the  animal  be 
ilJve  for  a  miml>er  of  hours.  Stimulation  of  the  skin  in  such 
lA  fluim&l  calls  forth  numerous  definite  reflexes,  such  as  flexion  or 
oUwion  of  the  legs,  the  scratching  movements  of  the  hind  legs, 
■trptching  movements,  etc.  Or  the  spinal  cord  may  be  severed  in 
Uir thoracic  region,  below  the  origin  of  the  phrenic  ner\'ei*,  and  the 
snitnAl,  with  care,  can  Ih»  kept  alive  for  mouths  or  years.  In  such 
aa  animal  reflex  movements  of  the  himl  le^s  or  tail  may  be  ob- 
tainrd  reatlily  fr<^)m  slight  .sensory  stimulation  of  the  skin.  The 
lu)rt-)(*rk  and  similar  so-called  deep  reflexes  are  also  ret^iined.  But 
h  If  crident  that  these  movements  are  not  so  complete  nor  so 
ifistnrtly  adapted  to  a  useful  end  a.H  in  the  frog.  The  muscles  of 
lbrU«ly  »mpplied  by  the  isi:>l;iled  part  of  the  cord  retain,  however, 
A  QorauLl  irritability  and  exhibit  no  wasting.  In  man,  on  the 
wmtflu)'.  il  is  slated  that  after  complete  section  of  the  cord  the  deep 
ntkxa,  such  as  the  knee-jerk,  as  well  as  the  skin  reflexes,  are  very 
qukkly  lost.  The  muscles  undergo  wiisting  and  soon  lose  their 
init*bility.t  Tlie  monkeys  exhibit  in  this  resi)ect  a  condition  that 
ttsoane^^'hat  intermediate  between  that  of  the  dog  and  man.  It 
woMpviilpnt  frt>m  lliese  facts  that  in  the  lower  animMls.  like  the 

rf^  h  greater  dcsnt«  of  independent  activity  is  exhibited  by 

'^  .in  in  the  more  highly  developed  animab.     According  to 

^  tJegn»  of  development,  the  control  of  the  muscles  is  assumed 
,       "^"^  md  more  by  the  higher  portions  of  the  nervous  system,  and 
irial  coni  liecomes  less  important  as  a  series  of  reflex  centers, 
i^  iuAclions  being  more  dependent  upon  its  connections  with  the 
■ttW  rrnl**rs. 

Dependence  of  Co-ordinated  Reflexes  upon  the  Excitation 

^the  Normal  Sensory  Endings, — It  Is  an  nitcro.Hting  fact  that 

•4ai  a  ncn'e  tnmk  Is  stlniulatc<l  directly  in  a  reflex  frog — the 

*iwic  ner\'e,  for  ijistance — the  reflex  movements  are  disorderly 

•od  quite  unlike  those  obtained  by  stimulating  the  skin.     It  is  said 

Aai  if  the  skin  l»e  loosene<l  and  the  nerve  twigs  arising  from  it  l»e 

itimuiated,  an  oi>eration  that  is  quite  possible  in  the  frog,  the  re- 

ipaue  h  n^ln  a  dL^orderly  reflex,  whereas  the  .same  fibers  stimu- 

ktfij  through  the  skin  give  an  orderly,  co-ordinated  movement. 

71b  difference  in  response  in  these  cases^  is  probably  not  due  to  any 

jMuBarity  in  the  nature  of  the  sensory  impulses  originating  in  the 

oarVB  endings  of  the  skin,  but  more  likely  to  a  difference  in  their 

pUmglb  ard  anungement.     When  one  stimulates  a  sensory  nerve 

•ah«Tin>r1on,  "Journal  of  Physiology,"  3R,  375,  1909. 

t  See  Colii-T,  •'  Brain,"  1904,  p.  38. 

10 


146       PHYSIOLOGY  OF  CENTRAL  NERVOUS  SYSTEM. 

trunk  directly, — the  ulnar  nerve  at  the  elbow  in  ourselves,  for  in- 
stance,— ^the  resulting  sensations  are  markedly  different  from  those 
obtained  by  stimulating  the  skin  areas  supplied  by  the  same  nerve; 
we  have  little  or  no  sensations  of  touch  or  temperature,  only  pam 
and  a  peculiar  tingling  in  the  fingers.  In  such  an  experiment  the 
stimulus  applied  to  the  trunk  affects  more  or  less  equally  all  the 
contained  fibers,  whereas  in  stimulation  of  the  skin  itself  the  effect 
upon  the  cutaneous  fibers  of  pressure,  temperature,  or  pain  pre- 
dominates and  presumably  it  is  these  fibers  that  normally  are  con- 
nected in  an  efficient  way  with  the  reflex  machinery  in  the  nerve 
centers. 

Reflex  Time. — Since  nerve  centers  are  involved  in  a  reflex 
movement,  a  determination  of  the  total  time  between  the  appli- 
cation of  the  stimulus  and  the  beginning  of  the  response  gives 
a  means  of  ascertaining  the  time  needed  for  the  processes  within 
the  nerve  cells.  Helmholtz,  who  first  made  experiments  of  this 
kind,  stated  that  the  time  required  within  the  nerve  centers 
might  be  as  much  as  twelve  times  as  great  as  that  estimated 
for  the  conduction  along  the  motor  and  sensory  nerves 
involved  in  the  reflex.  Most  observers  state  that  the  time 
within  the  center  varies  with  the  strength  of  the  stimulus, 
being  less,  the  stronger  the  stimulus.  It  varies  also  with  the 
condition  of  the  nerve  centers,  being  lengthened  by  fatigue 
and  other  conditions  that  depress  the  irritability  of  the  nerve 
cells.  By  reflex  time  or  reduced  reflex  time  we  may  designate 
the  time  required  for  the  processes  in  the  center, — that  is,  the  total 
time  less  that  required  for  transmission  of  the  impulse  along  the 
motor  and  sensory  fibers  and  the  latent  period  of  the  muscle  con- 
traction. For  the  frog  this  is  estimated  as  var\'ing  between 
0.008  and  0.015  sec.  In  man  the  reflex  time  usually  quoted  is  that 
given  by  Exner  for  the  winking  of  the  eye.  He  stimulated  one  lid 
electrically  and  recorded  the  reflex  movement  of  the  lid  of  the  other 
eye.  The  total  time  for  the  reflex  was,  on  an  average,  from  0.0578 
sec.  to  0.0662  sec.  He  estimated  that  the  time  for  transmission  of 
the  impulse  along  the  sensory  and  motor  paths,  together  with  the 
latent  period  of  the  muscle,  amounted  to  0.0107  sec.  So  that  the 
true  reflex  time  from  his  determinations  varied  between  0.0471  and 
0.0555  sec.  Mayhew,*  using  a  more  elaborate  method,  obtained 
for  the  total  time  a  mean  figure  equal  to  0.0420  sec.  If  Exner's 
correction  is  applied  then  the  true  reflex  time  according  to  this  de- 
termination is  equal  to  0.0313  sec.  In  a  series  of  experiments 
made  upon  frogs,  in  which  the  efferent  response  to  stimulation 
of  the  afferent  fibers  of  the  sciatic  nerve  was  measured  by  the 
electrical  variation  in  the  muscle  involved,  Buchanan  finds  that 
the  delay  in  the  cord,  when  the  reflex  was  on  the  same  side,  was 
*  Mayhew.  '* Journal  of  Exp.  Medicine,"  2,  35,  1897. 
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n  the  crossed 
about  double  this  time  wus  consunuMl  in  the  rord.  This  delay 
of  the  ve]i>city  of  transmiewion  of  an  impulse  in  the  nerve  centers 
is  »  factor  which  ma^t  vary  somewhat  in  different  parts  of  the 
nenroua  ayBtem.  It  has  been  shown  that,  iii  certain  cases  at 
least,  when  strung  stimuli  are  used  the  latent  |>eriiid  of  a  reHex 
is  not  grrater  than  would  be  accounted  for  by  transmission 
Ihf^ugh  the  nerve  fibers  and  by  the  latency  of  the  muscular 
lOfjtrapiion,  Thus  Franf^-ois  Frank,  in  an  experiment  in  which 
the  ga;Hin>cneniius  muscle  of  one  side  was  made  to  contract 
reflexly  by  stimulation  of  the  afiferent  root  of  a  lumbar  nerve 
oa  the  other  side,  records  a  latent  period  of  only  0.017  sec. 
Evidently  in  such  a  case  there  was  no  perceptible  delay  in 
paMing  through  the  nerve  centers  of  the  lumbar  cord. 

Inhibition  of  Reflexes. —One  of  the  most  fundamental  facts 
ngarding  spinal  retiexes  is  the  demonstration  that  they  can  be 
depressed  or  suppressed  entirely — that  is,  inhibited — by  other  im- 
pabes  reaching  the  same  part  of  the  spinal  cor<l.  The  most  sig- 
flificatit  experiment  in  this  connection  is  that  made  by  Setschenow.* 
If  In  a  frog  the  entire  brain  or  the  cerebral  hemispheres  are  re- 
tnot'ed,  then  stimulation  of  the  exposed  cut  surface — for  instance, 
by  crystals  of  sodium  chlorid — will  depress  greatly  or  perhaps 
inhibit  entirely  the  usual  spinal  reflexes  that  may  be  obtained  by 
cutaneous  stimulation.  On  removal  of  the  stimulating  substance 
from  the  cut  surface  by  washing  with  a  stream  of  physiological 
lAfine  (solution  of  sodium  chlorid,  0.7  per  cent.)  the  reticx  activities 
of  the  cord  axe  again  exhibited  in  a  normal  way.  This  experiment 
aceonb  with  many  facts  which  indicate  that  the  brain  may  inhibit 
the  activities  of  the  spinal  centers.  In  the  reflex  from  tickling, 
for  tnaUnce,  we  know  that  by  a  voluntarj^  act  we  can  repress  the 
mnaeular  movements  up  to  a  certain  point;  so  also  the  limited 
control  of  the  action  of  the  centers  f>f  respiration  and  micturition 
is  A  phenomenon  of  the  same  character.  To  explain  much  acts  we 
amy  assume  the  existence  of  a  definite  set  of  inhibitory  fibers,  _ 
arisiag  in  parts  of  the  brain  and  distributed  to  the  spinal  cord,  m 
wboee  function  is  that  of  controlling  the  acti\nties  of  the  spinal 
eanton.  In  view  of  the  fact,  however,  that  there  is  no  independent 
proof  of  the  existence  of  a  separate  set  of  inhibitor}'  fibers  within 
the  central  ner\'ous  system — that  is,  a  set  of  fibers  whose  specific 
eoef;gy  is  that  of  inhibition — it  is  preferable  to  speak  simply  of 
the  illhibitor>'  hifiuence  of  the  brain  upon  the  cord,  leaving  unde- 
cided the  question  as  to  whether  this  influence  is  exerted  through 
1  set  of  fibers,  or  is  brought  about  by  some  variation  in 
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•  fVtwhrnrnr   **  PhysioN^p'^che  Studien  uber  d.  Hemmungs-Mechanlsmeo 
L  d,  BaOexthUigkeit  im  Geliiru  d.  Froiwrhes/'  Berlia.  1S63. 
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the  time  relations,  intensity,  or  quality  of  the  nerve  impulses. 
Regarding  the  fact,  however,  there  can  be  no  question,  and  it 
constitutes  a  most  important  factor  in  the  interaction  of  the  dif- 
ferent parts  of  the  nervous  system.  It  is  probable  that  this  factor 
explains  why  a  normal  frog  gives  reflexes  that  are  so  much  less 
constant  and  less  predictable  than  one  with  its  brain  removed. 
A  similar  inhibition  of  spinal  reflexes  may  be  obtained  by  simul- 
taneous stimulation  of  two  different  parts  of  the  skin.  The 
usual  reflex  from  pinching  the  toe  of  one  leg  may  be  inhibited  in 
part  or  completely  by  simultaneous  stimulation  of  the  other  leg 
or  by  direct  electrical  stimulation  of  an  exposed  nerve  trunk.  A 
similar  interference  is  illustrated,  perhaps,  in  the  well-known 
device  of  inhibiting  an  act  of  sneezing  by  a  strong  sensory 
stimulation  from  some  part  of  the  skin — for  instance,  by  pressing 
upon  the  upper  lip.  The  importance  of  the  process  of  inhibition 
in  the  normal  movements  of  the  body  is  illustrated  strikingly 
by  the  phenomenon  known  as  reciprocal  innervation,  which  has 
been  investigated  chiefly  by  Sherrington.*  This  observer  has 
found  that  when  a  flexor  muscle  is  stimulated  reflexly  there  is 
at  the  same  time  a  relaxation  or  loss  of  tone  in  its  antagonistic 
extensor,  which  is  explained  as  being  due  to  an  inhibition  of  the 
motor  cells  of  the  extensor  in  the  cord.  Reflex  stimulation  of 
the  extensor  is  accompanied  similarly  by  an  inhibition  of  the 
tone  of  the  antagonistic  flexor.  This  phenomenon  has  been 
'demonstrated  not  only  for  reflex  stimulation  of  the  cord  but 
also  for  voluntary  movements  (Athanasieu)  and  for  electrical 
stimulation  of  the  cortical  centers.  The  motor  centers  of  the 
muscles  surrounding  the  joints  are  apparently  so  connected  in 
pairs  that  when  one  is  excited  the  center  of  the  corresponding 
antagonist  is  inliibited.  This  reciprocating  mechanism  dis- 
appears under  conditions,  such  as  strychnine-poisoning,  in  which, 
according  to  the  usual  belief,  the  irritability  of  the  centers  is 
greatly  increased.  A  relutionsliip  quite  comparable  to  the 
reciprocal  innervation,  although  working  in  only  one  direction, 
is  exhibited  by  the  peripheral  nerve  plexuses  in  the  intestinal 
canal  in  the  so-called  law  of  the  intestines  (see  p.  726).  A 
brief  statement  of  the  more  or  less  unsatisfactory  theories  of 
inhibition  is  given  in  connection  with  the  inhibitory  action  of  the 
vagus  nerve  on  the  heart  })eat  (see  p.  589).  It  should  be  added, 
however,  in  this  connection,  that  stimulation  of  the  cord,  and 
probably  of  other  parts  of  the  nervous  system,  from  two  different 
sources  may  result  not  only  in  an  inhibition  of  the  reflex  normally 
occurring  from  one  of  the  stimuli,  l)ut  under  some  circumstances 

*  Sherrington,  "The  Integrative  Action  of  the  Nervous  System,"  1906, 
p.  84. 
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Hlfty    give   an    augmentation   or   reinforcement    of   the    reflex.     A 
^^mkmg  example  of  this  aiipmejiting  effect  is  given  below  in  the 
pttmgraph  upon  the  knee-kick. 

Influence  of  the  Condition  of  the  Cord  on  its  Reflex  Ac- 
tivities.— The  time  and  extent  of  the  reflex  responses  may  be 
altered  greatly  by  various  influences,  particularly  by  the  action 
ci  drugs.  The  effect  in  such  cases  is  usually  upon  the  nerve  centers, 
— that  is,  upon  the  cells  themselves  or  upon  the  synapses,  that  is  to 
my,  Uie  connections  between  the  terminal  arborizutioii  and  the 
dendrites — ibe  process  of  conduction  within  the  sensory  anil 
EDoCor  fibers  being  less  easily  affected.  A  convenient  method 
of  studWng  such  influences*  is  that  employed  by  Turek.  In 
this  methwl  the  reflex  frog  is  suspended,  and  the  tip  of  the 
lOBfBBt  toe  is  immersed  to  a  ^lefmite  point  in  a  solution  of  sul- 
phorie  acid  of  a  strength  of  0.1  to  0.2  per  cent.  If  the  time 
between  the  immersion  and  the  reflex  withdrawal  of  the  foot  is 
by  a  metronome,  or  by  a  record  u]X)n  a  kymograi)h,  it  will 

found  to  be  quite  const^int,  provided  the  con<iitions  are  kept 

fonu.  If  the  average  time  for  this  reflex  is  obtained  from  a 
of  obser\*ations  it  is  possible  to  inject  various  substances — 
such  as  fitr>'ehmn,  chloroform,  potasshim  broniid,  cpiinin,  etc. — 
QDder  the  skin,  and  after  absorption  has  taken  place  to  iletermine 
the  effect  by  a  new  series  of  ohser\'ations.  So  far  as  dnigs  are- 
eotteemed  the  residts  of  such  experiments  belong  rather  to  pharma- 
y  than  to  physiology.  The  methml  in  some  cases  brings  out  an 
Bting  difference  in  the  effects  of  various  kinds  of  stimulation, 
iln,  for  instance,  as  Avas  stateil  above,  increases  greatly  the 
dditauy  of  the  reaction  to  pressure  stimulation.  At  one  stage  in 
its  action  before  the  conxnilsive  responses  are  obtainefl  the  threshold 
■limulus  is  greatly  lowered, — mere  contact  with  tlie  toes  causes  a 
impid  retraction  of  the  leg;  whereas  in  the  normal  reflex  frog  a 
ly  large  pressure  is  necessar\'  t«  obtain  a  similar  res[x)nse, 

tliis  stage  in  the  action  of  the  stn.*chnin  the  effect  of  the  acid 
stimulus,  on  the  contrary,  may  be  markedly  weakened  so  far  as 
the  time  element  is  concerned.  If  the  action  of  the  str\'chnin  is 
not  loo  rapid,  it  is  usually  possible  to  find  a  jx>int  at  which  the 
time  for  the  reflex  is  diminished,  but  this  effect  quickly  disappears 
and  the  period  l^etween  stimulus  and  response  becomes  markedly 
lenstbeoed  at  a  time  when  the  slightest  mechanical  stimulation  gives 
»  r  "  '  flex  movement.  This  para<loxical  result  may  depend  pos- 
si;  J  the  variety  of  nor\e  filjor  stimulated  by  the  two  kinds 

of  stimuli  or  may  be  connected  with  the  fact  that  the  acid 
stimuli  may  bring  about  inhibitor}-  as  well  as  excitatory  processes 
in  the  cord. 

Reflexes  from  Other  Parts   of  the  Nervous   System. — N'u- 
lypical   reile.xes  arc  known  to  occur  in  tlie  brain.      The 


150  PHYSIOLOGY   OF   CENTRAL   NERVOUS   SYSTEM. 

reflex  effects  upon  the  important  centers  in  the  medulla,  such 
as  the  vasomotor  center,  the  respiratory  center,  and  the  cardio- 
inhibitory  center,  the  winking  of  the  eye,  sneezing,  the  light  reflex 
upon  the  sphincter  muscle  of  the  iris,  and  many  other  similar  cases 
might  be  enumerated.  All  of  these  reactions  will  be  described 
and  discussed  in  their  proper  places.  The  conscious  reactions  of 
the  brain  are  not  included  among  the  reflexes  by  virtue  of  the  defi- 
nition which  lays  stress  upon  the  involuntary  characteristic  of  the 
reflex  response,  but  it  should  be  remembered  that,  so  far  as  the 
nervous  mechanism  is  concerned,  these  conscious  reactions  do  not 
differ  from  the  true  reflexes.  When  we  voluntarily  move  a  limb 
the  movement  is  guided  and  controlled  by  sensory  impulses  from  the 
muscles  put  into  action.  The  fibers  of  muscle  sense  from  these 
muscles  convey  sensory  impulses  through  a  chain  of  neurons  to 
the  cortex  of  the  brain  and  there  the  impulses  doubtless  affect  and 
set  into  action  the  motor  neurons  through  which  the  movement  is 
effected.  So  far  as  we  know,  the  discharges  from  the  efferent 
neurons  of  the  brain  do  not  arise  independently  within  these  cells, 
they  are  conditioned  or  originated  by  stimuli  from  other  neurons; 
so  that  the  activities  of  the  brain  are  carried  on  by  a  mechanism  of 
one  neuron  acting  on  another,  just  as  in  the  case  of  the  reflex  arc. 
The  added  feature  of  a  psychical  factor,  a  reaction  in  consciousness, 
enables  us  to  draw  a  line  of  distinction  between  these  activities  and 
those  of  so-called  pure  reflexes;  but  the  distinction  is  perhaps  one  of 
convenience  only,  for,  although  the  extremes  may  be  far  enough 
apart  to  suit  the  definition,  many  intermediate  instances  may  be 
found  which  are  difiicult  to  classify.  All  skilled  movements,  for  in- 
stance, such  as  walking,  singing,  dancing,  bicycle  riding,  and  the 
like, — although  in  the  beginning  obviously  effected  by  voluntary 
co-ordination,  nevertheless  in  the  end,  in  proportion  to  the  skill  ob- 
tained, become  more  or  less  entirely  reflex, — that  is,  involuntary. 
In  learning  such  movements  one  must,  as  the  saying  goes,  establish 
his  reflexes,  and  the  result  can  hardly  be  understood  otherwise  than 
by  supposing  that  the  continual  adjustment  of  certain  sensory  im- 
pulses to  certain  co-ordinated  movements  results  in  the  formation 
of  a  more  or  less  complex  reflex  arc,  a  set  of  paths  of  least  resistance. 
Reflexes  through  Peripheral  Ganglia — Axon  Reflexes.— 
Many  attempts  have  been  m&de  by  physiologists  to  ascertain 
whether  or  not  reflexes  can  occur  through  the  peripheral  nerve 
ganglia,  lying  outside  the  central  nervous  system.  With  regard 
to  the  posterior  root  ganglia,  it  has  usually  been  supposed  that 
they  cannot  exhibit  reflexes.  When  the  posterior  root  con- 
necting such  a  ganglion  to  the  cord  is  severed,  then,  according 
to  our  usual  conception,  the  cells  in  the  ganglia  are  cut  off 
from  all  connections  with  the  peripheral   tissues  by  efferent 


ihs.    This   lisuttl  view  may  not,  however,   be   correct.     On 

iVMoloKit^al  side  we  have  the  fact  (see  p.  82)  that  stimu- 

o(  certain  of  the  pasterior  root  K^ngliu   under  such  rir- 

fomrtani^e.*;    does    give    peripherii]     effects 

ihc  blood-vessels,   causing   a   vascular 

tikm    in    a    certain  region.     On    the 

fti  side   Caja!*   and   others   have 

that  some  of  these  c€»IIs  are  provided 

ith  ft  pericellular  nerve  network,  wjiich 

sn  ftfferent  path  so  far  as  the  cell  in  con- 

led,  while  the  axon  of  the  cell   con- 

an  efferent  path.     Whether  these 

cdb  form  a  special  group  of  efferent  cells 

%    within     the    sensory    ganglion,     or 

Kethcr  they  are  sensory  cells  discharging 

10  the    cord    and    stimulated    reflexly 

uEJi  the    nerve    network    as    well    as 

wufhihe  peripheral  process  of  the  axon, 

be   said.     The  subject  is  one  full 

t  to  physiology.     In  the  ganglia 

llie  sympathetic  nerve  and  its  appen- 

flnd  in  tlie  similar  ganglia  contained 

iV  of  tlic  organs  the  nerve  cells  have 

*iendriiic   processes,    and,    so   far  as   their 

l*»*<4»ig>'  is  concerned,  it  would  seem  possi- 

wUiAt  in  any  ganglion  of  this  ty[)e  there 

I     •(bi  be  sensory  and  motor  neurons  so 

^^ooected    as    to    make    the    ganglion    an 

^BN«-pen<ient     reflex     center.       Numerous 

^fcr^'Knicnts    have    been    made    to    determine    ex|>erimentally 
B|pfc*Tl(ier  reflexes  can  be  obtained  through  such  ganglia.     Perhaps 
"•nke  ruoid  successful  of  these  experiments  have  been  made  upon 
"*  inferior  mesenteric  ganglion. 

Tik  gwiglion  nmy  be  isf>lated  from  oil  connections  with 
"•  central  nervous  system  and  left  attached  to  the  bladder 
wough  the  two  hypogastric  nerves  (see  Fig.  287).  If  now  one 
"  thcae  nerves  Is  cut  and  the  central  stump  is  stimulated,  a 
pmiraction  of  the  bladder  follows.  Obviously  in  this  case  the 
topube  has  traveled  to  the  ganglion  and  d<^wn  the  other  hy- 
P^pttrie  nerve;  the  reartion  hivs  every  appearance  of  being  a 
tai  ftflex.  Nevertheless,  Langley  and  Anderson, f  who  have 
^Bdnd  the  matter  with  especial  care,  are  convinced  that  in  this 


KiC-  6B.— Sobema  to 
show  iile»  of  an  axon  re- 
flex :  The  prcfcunglionio 
fib«r,  a,  sends  bmnrhcM 
to  two  |K>0fBancUooio 
6b«n),  h,  c.  If  »limuUt«Ki 
ftt  X  the  impul««  pttses 
back  ward  in  a  direct  iun 
the  revenvf  uf  normal  and 
(filliriK  into  b  and  c  givm 
a  paeudoreflex  effect. 


*CkiaJ«  "Enct^bninse  dcr  Anut.  u.  EntwickplangsKcsohichte, 
MS:  Dosiel.  *'BjiU  *!cr  Spinalganglim,  ptc."  IftOS. 

♦  laagley  sDii  Andereon,  *  Joum.\I  of  Plysiology,"  16,  410,  1H04 
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and  similar  cases  we  have  to  do  with  what  they  call  pseudo* 
reflexes  or  axon  reflexes.  The  idea  underlying  this  term  may 
be  explained  in  this  way:  Every  sympathetic  ganglion  is 
connected  with  tlie  central  nervous  system,  hrain  and  cord, 
hy  efferent  spinal  fibers,  preganglionic  fibers,  which  terminate  by 
arborization  around  the  dendritea  of  the  sympalbetir  cells.  The 
efferent  fibers  arising  from  the  latter  may  be  designated  as  post- 
ganglionic fibers.  These  authors  give  reasons  to  believe  that  any 
one  preganglionic  fiber,  a,  Fig.  69,  may  connect  by  collaterals  with 
several  sympathetic  celLs.  If  such  a  fiber  were  stimulated  at  Xy 
then  the  impulse  passing  back  along  the  axon  in  a  direction  the 
reverse  of  uonnal  would  sthnulate  celLs  b  and  c,  giving  effects  that 
are  apparently  reflex,  but  which  differ  from  true  reflexes  in  that 
the  stimulating  axon  belongs  to  a  motor  neuron.  Under  normal 
circumstances  it  is  not  probable  that  an  effect  of  this  kintl  can  l)e 
produced^  but  there  are  some  interesting  observations  on  record 


Senscfyf  ^trre 
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Fig..  00a. — BcbrmaUi  of  axun-refloz  productnjE  local  vwKular  dilatatioo  from  ibo  applioar 


lloD  of  AD  irhtaai — A,  Bnrdy's  irhema:  n.  the  scnaor>'  fiber;  e,  the  coDJunciiva:  d,  iht-  wf- 
ipberal  aympathctic  iinnKlion;  /,  the  bliKxi-vraBel.  Thr  rr flex  ruas  froiu  c  uwr  o  6  anil  a  10 
/^  ff,  a  Ta«o-coDalrictor  liber.     B.  Bruce>  arhema  (modlfiedj:  The  arrowi  iadicate  the  oounr 
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which  indicate  that  axon-reflexes  may  play  an  important  r6Ie  in  the 
control  of  I  he  blood-supply  to  certain  aroiis.  When  a  membrane 
or  the  skin  is  inHanu*d  by  an  irritant,  it  t>ecomes  congested  and  pain- 
ful, exhibiting,  in  fact,  the  four  classical  symptoms,  rubor,  turgor, 
calor,  and  (hjlor.  Two  observers*  have  found  that  the  local  vaso- 
dilatation causLMl  by  such  an  irritant  as  mustard  tiil  iippiiiHl  to  the 
conjunctiva  is  greatly  iliminishcd  if  the  sensory  iicrvc-tibers  of  the 
region  arc  paralyzed  by  a  Un*ul  anesthetic  or  if  the  same  fillers  are 
destroyed  by  degeneration  after  section.  In  other  words,  the  effect 
of  the  irritant  in  causing  local  dilatation  of  the  blood-ve.ssels  is  not 
due  to  its  direct  action  on  the  walls  of  the  blood-vessels,  but  is  of 
the  nature  of  a  reflex  effect  through  the  ner%'e  supply.  Further 
experiments  indicate  that  the  effect  is  not  due  to  a  reflex  of  the 

•  Niaitto  Bnice,  "Quartrrlv  Journal  of  Exp.  Phvsiol.,"  6,  339,  1913;  BanJy, 
"SkAndinaviflches  Archiv.  f.  Physiol./'  32.  198.  1914. 
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ftniinar>'  kind  through  the  central  nervous  system  or  the  posterior 
putt  pmglion  or  the  superior  cervical  ganglion,  and  it  is  probably, 
thrrrfori",  a  peripheral  reflex  of  the  nature  of  an  axon-reflcx  taking 
plaro  wholly  through  the  sensory  nerve-libers  or  tlinmgh  such 
6lnv  in  connection  u-ith  tlie  small  peripheral  sympathetic  ganglia 
liHtrihuttxl  along  the  course  of  the  bltM>d-vessels.  The  api>aratus 
that  may  lv»  involved  is  represented  in  the  two  accompan>nng 
srin'miiUi  (Fig.  t)9a). 

The  Tonic  Activity  of  the  Spinal  Cord.^In  addition  to  the 
ileiifiite  refiex  activities  of  the  cord,  each  traceable  to  a  distinct 
tnaory  stimulus,  there  is  evidence  to  show  that  many  of  it,s  niottjr 
Muions  are  in  that  state  of  more  or  less  continuous  activity  which 
«f  designate  as  tonic  activity  or  tonus.  There  is  abundant  reason 
ior  this  belief  in  reganl  to  many  of  the  special  centers  of  the  cord 
ADd  brain,  such  as  the  vasomotor  center,  the  center  for  the  sphinc- 
ter miwrlc  of  the  iris,  the  centers  for  the  sphincter  musrles  of  the 
lyder,  the  anus,  etc.  But  the  evidence  includes  the  motor 
mnofi  to  the  voluntar>'  as  well  as  the  involuntary  musculature. 
In  I  dec&pitated  frog  the  muscles  take  a  definite  position,  and 
BnodKeest  showed  that  if  such  an  animal  is  suspended,  after  cut- 
ting the  sciatic  plexus  in  one  leg,  the  leg  on  the  uninjured  side 
tikv  &  more  flexed  p<xsition.  The  explanation  ofTered  for  this 
limit  is  that  the  muscles  on  the  sound  side  are  being  imiervated 
bv"  the  motor  neurons  of  the  cord.  Inasmuch  as  a  result  of  tlus 
bnd  cannot  be  obtained  from  a  frog  whose  skin  has  been  removed, 
0^  in  one  in  which  the  posterior  txxAs  have  been  severed  it  seeniP 
e\idBnl  that  this  tonic  discharge  from  the  motor  neurons  is  due 
to  t  constant  inflow  of  impulses  along  the  8ensor>'  paths.  The 
Bxodo  tonus,  in  other  words,  is  really  a  reflex  tonus,  which  differs 
fwttonlinary  reflex  movements  only  in  the  absence  of  a  sudden, 
"■bh  contraction  and  in  the  more  or  less  continuous  character 
of  the  innervation.  In  the  section  on  animal  heat  the  importance 
fdthk  constant  innen'ation  of  the  muscles  as  a  source  of  heat  is 
fcrther  emphasized.  The  idea  of  a  more  or  less  continuous  but 
* :  vity  of  the  centers  in  the  brain  and  cord  in  consequence 
Muuous  inflow  of  impulses  along  the  sensorj'  paths  fits 
h  Very  well  with  many  fads  obserx'ed  in  the  peripheral  organs, — 
^  that  will  be  referred  to  from  time  to  time  as  the  physiology 
''thaic  organs  is  considere<l, 

EStcts  of  Removal  of  the  Spinal  Cord. — Numerous  investi- 
ptcn  liave  8e<*tioncd  the  cord  partly  or  completely  at  various 
Iwek  The  general  results  of  these  exfjeriments  as  regards  loss 
<f  •omtion  or  vohmtar>'  movement  are  fiescribed  in  the  next 
■Ktbo  treating  of  the  cord  as  a  path  of  conduction  to  and  from 
*bc  bmin.     But  attention  may  be  called  here  to  some  of  the  gen- 
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eral  results  obtained  by  Goltz  *  in  some  remarkable  experimenti 
in  which  the  entire  cord  was  removed  with  the  exception  of  th 
cervical  region  and  a  small  portion  of  the  upper  thoracic.  L 
making  this  experiment  it  was  necessary  to  perform  the  operatioi 
in  several  steps.  That  is,  the  cord  was  first  sectioned  in  the  uppe 
thoracic  region  and  then  in  successive  operations  the  lower  tho 
racic,  lumbar,  and  sacral  regions  were  removed  completely.  Ver 
great  care  was  necessary  in  the  treatment  of  the  animals  afte 
these  operations,  but  some  survived  and  lived  for  long  periods 
the  digestive,  circulatory,  and  excretory  oi^ans  performing  thd 
functions  in  a  normal  manner.  The  muscles  of  the  hind  limb 
and  trunk,  however,  underwent  complete  atrophy,  owing  to  th' 
destruction  of  their  motor  nerves.  The  blood-vessels  also  wer 
paralyzed  after  the  first  operations,  but  gradually  their  muscu 
lature  again  recovered  tone,  showing  that,  although  under  norma 
conditions  the  tonic  contraction  of  the  vessels  is  under  the  in 
fluence  of  nerves  arising  from  the  cord,  this  tone  may  be  re-estab 
lished  in  time  after  the  severance  of  all  spinal  connections.  Som< 
of  the  specific  results  of  these  experiments,  bearing  upon  the  re 
flexes  of  defecation,  micturition,  and  parturition,  will  be  describe) 
later.  Attention  may  be  called  here  to  the  general  result 
illustrating  the  general  functions  of  the  cord. 

In  the  first  place,  there  was,  of  course,  a  total  paralysis  of  volun 
tary  movement  in  the  muscles  innervated  normally  through  th 
parts  of  the  cord  removed,  and  a  complete  loss  of  sensation  in  th 
same  regions,  particularly  of  cutaneous  and  muscular  sensibility 
In  the  second  place,  the  visceral  organs,  including  the  blood-vessek 
were  shown  to  be  much  more  independent  of  the  direct  control  c 
the  central  nervous  system.  While  these  organs  in  the  experiment 
under  consideration  were  still  in  connection  with  the  sympatheti 
ganglia  and  in  part  with  the  brain  through  the  vagi,  still  thei 
connections  with  the  central  nervous  system,  particularly  a 
regards  their  sensory  paths  and  the  innervation  of  the  blood-vessels 
were  in  largest  part  destroyed.  The  immediate  effect  of  thi 
destruction  would  have  been  the  death  of  the  animal  if  the  car 
of  the  observer  iiad  not  replaced,  in  the  beginning,  the  norma 
control  exercised  by  the  nervous  system  through  the  spinal  nervee 
but  later  this  careful  nursing  was  not  required.  While  these  orgam 
therefore,  are  capable  of  a  certain  amount  of  independent  activit; 
and  co-ordination,  they  are  normally  controlled  through  the  variou 
reflex  activities  of  the  brain  and  cord.  In  the  third  place,  it  i 
noteworthy  that  the  adaptability  of  the  cordless  portion  of  th 
animal  was  distinctly  less  than  normal.    Its  power  of  preserving  j 

*  Goltz  and  Ewald,  "Pfltiger's  Archiv  fur  die  geaammte  Physioloirie."  6S 
362,  1896. 


REFLEX   ACTIONS. 


156 


body  temperature  was  more  limited  than  in  the  normal 
And  ihe  suscTeplibilily  to  inflammaton'  disturbances  in  the 
vimnl  organs  was  greatly  increased.  It  seems  evident,  from  these 
fict«,that.  although  the  animal  was  living,  its  power  of  adaptation  to 
BiriEed  changes  in  the  external  or  intei-nal  environment  was  greatly 
loHMd.  and  this  fact  illustrates  well  the  great  general  importance 
(tftbeipinal  cord  and  brain  as  reflex  centers  controlling  the  nutri- 
tioa  uul  co-ordinat<?d  activities  of  the  body  tissues  and  organs. 
Tliia  control  is  necessarv*  under  normal  conditions  for  the  success- 
ful combination  of  the  acti\itie3  of  the  various  organs.  A  large 
pert  of  this  control  is  doubtless  dependent  upon  the  regulation  of 
tbbtood  supply  to  the  various  organs.  The  mechanism  by  which 
ttei  ii  effected  and  the  parts  played  by  the  cord  and  the  brain 
^medulla  ubiongata),  respectively,  will  be  described  in  the  section 
oflCnruIfttion. 

Kaec-jerk. — Knee-jerk  or  knee-kick  is  the  name  commonly 
pVm  to  the  jerk  of  the  foot  when  a  light  blow  is  struck  upon  the 
pakUftT  ligament  just  below  the  knee.  The  jerk  of  the  foot  is 
dw  to  a  contraction  of  the  quaflriceps  femoris  muscle.  Accord- 
w%  to  Sherrington,  the  parts  of  this  muscular  mass  chiefly 
WMwneil  are  tlie  m.  vastus  medialis  and  m.  vastus  intermedius. 
In  order  to  obtain  the  muscular  response  it  Is  usually  neces- 
•«y  to  put  the  cpiadriceps  under  some  tension  by  flexion  of  the 
y%.  This  end  is  achieved  most  readily  by  crossing  the  knees 
w  by  aUowing  tlie  leg  to  hang  freely  when  sitting  on  the  edge 
<^  »  bench  or  table.  Under  such  circunistances  the  jerk  is 
<*blainod  in  the  great  majority  of  normal  persons,  and  this 
bit  huA  made  it  an  important  diagnostic  sign  in  many  diseases 
•'the  spinal  cord.  The  importance  of  the  reaction  for  such 
pw|io8w  waa  first  brought  out  bv  the  v  ork  of  Erb  and  Westphal  * 
B  1875. 

Reinforcement  of  the  Knee-jerk. — It  was  first  shown  by 
ik  tTS.8.'V)  that  the  extent  of  the  jerk  may  be  greatly  aug- 
if,  at  the  time  the  blow  is  struck  U[>on  the  tendon,  a  strong 
'tftmtary  movement  is  ma<le  by  the  individual,  .such  as  squeezing 
l4r  hands  together  tightly  or  clenching  the  jaws.  This  phcMiomenoD 
VM  studied  carefully  in  this  country  V>y  Mitchell  .uul  Lewis, f  who 
9tt>  '  that  a  similar  augmentation  may  be  produced  by  giving 
the  .  lal  a  simultaneous  sensory  stimulation.     They  desig- 
nated ibe  phenomenon  as  a  reinforcement,  and  this  name  is  gen- 
tmQy  ecoployed  by  English  writers,  although  occasionally  the  terra 
^Bftfanung/'  introduce<l  by  Exner  to  descril^e  a  similar  phenom- 
,  fei  ih^  used.     It  is  found  that  by  a  reinforcement  the  knee- 

r&nd  Wwlphol,  "Archiv  f.  Psvchiatrie,*'  IS75.  vol.  v. 

hrfl  and  Lewis,  "Amrricdn  Journal  of  M«l.  Sciences."  92,  363. 1886. 
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jerk  may  be  demonstrated  in  some  individuals  in  whom  the  ordi- 
nary blow  upon  the  tendon  fails  to  elicit  a  response.  Bowditeh  and 
Warren*  studied  the  phenomenon  of  reinforcement  and  brought  out 
a  fact  of  very  great  interest.  They  studied  especially  the  time 
interval  between  the  blow  upon  the  tendon  and  the  reinforcing  act 
and  found  that  if  the  latter  preceded  the  blow  by  too  great  an  inter- 
val then,  instead  of  an  augmentation  of  the  jerk,  there  was  a  dimi- 
nution which  they  designated  as  negative  reinforcement  or  inhi- 
bition. This  inhibiting  effect  began  to  appear  when  the  reinforcing 
act  (hand-squeeze)  preceded  the  blow  by  an  interval  of  from  0.22 
to  0.6  sec.,  and  the  maximum  inhibiting  effect  was  obtained  at  six 
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Fig.  70. — Showing  in  milUmeters  the  amount  by  which  the  "reinforced"  knee-Uok 
varie<l  from  the  normal,  the  level  of  which  is  represented  by  the  horisontal  line  at  0.  "not' 
mal."  The  time  interx-al^  clap-ing  between  the  clenching  of  the  handd  (which  conatitutcd 
the  reinforcement)  and  the  tup  on  the  tendon  are  marked  below.  The  reinforcement  it 
greatest  when  the  two  events  are  nearly  ^simultaneous.  At  an  interval  of  0.4  we.  it 
amounts  to  nothing;  during  the  next  U.5  sec.  the  height  of  the  kick  is  actually  diminished, 
while  after  an  interval  of  1  -^ec.  the  negative  reinforcement  tendf  to  disappear;  and  when 
1.7  Hec.  is  allowed  to  elapse  the  hcigtit  of  ttie  kick  ceases  to  be  affected  by  the  clenchinc  of 
the  hand4.  —{Hoivditch  and  irorren.) 

inter\'al  of  from  0.6  to  0.9  sec.  Beyond  this  point  the  effect  became 
less  noticeable,  and  at  an  inter\'al  of  1.7  to  2.5  sec.  the  reinforcing 
act  had  no  influence  at  all  upon  the  jerk.  These  relations  are 
shown  in  the  aeeonipanying  curve  (Fig.  70).  These  authors  con- 
firmed also  the  fact  that  a  sen.sor>^  stinuilus,  such  as  a  gentle  blast 
of  air  on  the  conjunctiva  or  the  knee,  may  reinforce  the  jerk.  The 
physiological  explanation  of  tht;  reinforcement,  negative  and  posi- 
tive, Is  a  matter  of  inference  only,  hut  the  view  usually  held  is  that 
it  is  due  to  "overflow."  That  is,  many  facts,  such  as  sti^'chnin 
tetanu.s,  indicate  that  the  neuronuiscular  machinery  of  the  entire 
central  nervous  syst(*m  is  more  or  loss  directly  connected  and  that 


*  Bowditeh  and  Wiirrcn,  "Journal  of  PhysioloRj',"  2,  25,  1890. 
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iunciional  activity  at  one  part  may  influence  the  irritability  of  the 
rouuider,  either  in  the  direction  of  rcinforoeinent  or  inhibi- 
tion. We  niay  conceive,  therefore,  that  when  the  hands  are 
qoMid,  the  motor  inipulses  sent  down  from  the  cortex  of  the 
bni&  to  the  upper  portion  of  the  cord  overfltiw  to  some  extent, 
nficieoi  at  leaat  to  alter  the  irritability  of  the  other  motor  neuroikt 
m  the  cord.  Experimental  .stimulation  of  the  cortex  has  given 
sioultf  mnjlt«.  Exner*  found  that  when  the  motor  center  for  the 
foot  in  the  cortex  of  a  rabbit  was  stimidated,  the  stimulation,  even 
if  too  weak  to  l>e  effective  itself,  cau.scvl  an  incn>a^*  in  t  be  contraction 
brought  about  reflexly  by  a  simultaneous  stunulalion  of  the  skin 
d  the  paw,  and  furtherraore  if  these  stimuli  were  »o  reduced  in 
Ain^h  tiiat  each  was  ineffective,  then  when  apphed  together  a 
MOkHftion  was  obtained.  In  this  cAse  an  ineffective  stimuhis 
bom  the  cortex  reaching  tlie  spinal  cord  increased  the  irritability 
rf  the  motor  cenlere  there  so  that  a  simultaneous  reflex  stimulus 
from  the  foot,  ineffective  in  it,self,  became  effective. 

b  the  Knee-jerk  a  Rcflex?^The  most  interesting  question 

m this coonect ion  is  whether  the  jerk  is  a  true  reflex  act  or  is  due 

l^tftdippct  mechanical  stimulation  of  the  muscle.     Opinions  have 

bwDilivided  ufwn  this  point.    Those  who  believe  that  the  jerk  is  *» 

nfa  lay  emphasis  upon  the  undoubted  fact  that  the  integrity  of 

th»  rtkx  arc  is  absolutely  essential  to  the  res(>onse.     The  quad- 

IWfw  rwcivea  its  motor  and  sensory  fibers  through  the  femoral 

^f.  iiinl    pathoh>giral    le.sitrtis    upon    nuiii    us    well    its   direct 

•otal  investigation  upon  monkeys  prove  that  if  either  the 

pwt^rior  ur  anterior  nx>ts  of  the  third  and  fourth  lumbar  sphial 

tare  destroyed  the  knee-jerk  dlsapjx^ars  entirely.     The  opjxv 

iof  the  reflex   view  exphiin  this  fact  by  the  theor\'  that  in 

OWfcr  for  the  quadriceps  to   respond  it  must  be  in  a  condition 

^  UmuB.    This  tonus  depends  upon  the  reflex  arc.  the  sensory 

SBpohes  from  the  muscle  serving  to  keep  it   in  that  condition 

<*^  -iiraction  known  as  tone.     On  this  view  destruc- 

'*  '  \  arc   renders  the  muscle  less  irritable,  so  tliat  it 

wiiiftot  ms}>ond  by  a  contraction  t^  the  sudden  mechanical  ex^en- 

■00  or  pull  cause<i  by  the  blow  on  the  tendon.     The  adherents  of 

*hi»  riew  lay  emphasis  upon  two  fact.s:  First,  the  knee-jerk  is  a 

•*nij>le  contractioti,  and  not  a  tetanus,  and,  generally  speaking, 

th«  nmtfif  centers  of  the  cord  discharge  a  series  of  impulses  when 

ttimulatod.     In  answer  to  this  objection  it  may  be  said  that 

*Me   muscular    contractions    produced    reflexly    are    usually 

•ftAaic,  it  does  not  follow  that  this  is  invariably  the  case.     Sher- 

najtont   has   shown,  for    instanw,   that   an    undoubted    reflex 

*£iiicr,  "Archiv  f.  tWc  firstiimwic  I'hysioloKip,"  27,  412.  1K.S2. 
fSheniofCtoD.  "Thi*  Jnlt-gratUT  Action  of  the  Nervoiw  SyHttnii,"  1000. 
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designated  by  him  as  the  "extensor  thrust,"  which  also  involveB 
the  extensor  muscles  of  the  hind  leg,  is  very  short  lasting,  requir- 
ing perhaps  only  ^  sec,  and  judged  by  this  standard  is  as  much 
of  a  simple  contraction  as  the  knee-jerk.    The  "extensor  thrust" 
is  a  sharp  contraction  of  the  extensor  muscles  of  the  hind  leg 
aroused  by  pressure  upon  the  plantar  surface  of  the  hind  foot- 
On  the  frog  also  a  single  stimulus  applied  to  the  central  end  of  the 
divided  sciatic  nerve  will  call  forth  a  reflex  contraction,  which  is  ^ 
twitch,  and  not  a  tetanus.    Second,  the  time  for  the  jerk — ^that  is^ 
the  interval  between  the  stimulus  and  the  response — is  too  shorfc 
for  a  reflex.    The  determination  of  this  time  has  been  attempted  b>^ 
many  observers  for  the  purpose  of  deciding  the  controversy,  but> 
imfortunately  the  results  have  been  lacking  in  uniformity,  although, 
the  best  results  from  man  indicate  a  latency  between  stimulus  and 
response  of  0.023  sec.  after  deducting  the  latent  period  of  the  mus- 
cle icself.    Applegarth,  making  use  of  a  dog  with  a  severed  spinal 
cord,  obtained  for  the  time  of  the  knee-jerk  an  interval  of  0.014  to 
0.02  sec;  Waller  and  Gotch,  using  the  rabbit,  foimd  the  time  to  be 
only  0.008  to  0.005  sec.    Other  figures  would  appear  to  indicate 
that  the  latent  period  is  shorter  the  smaller  the  animal,  a  fact  which 
in  itself  would  imply  that  some  factor  other  than  the  latency  of 
the  muscle  itself  enters  into  the  time  required.    And  if  we  accept 
the  newer  figures  in  regard  to  the  velocity  of  the  nerve  impulse  in 
mammalian  nerves  at  the  body  temperature  (see  p.  112),  there 
would  seem  to  be  sufficient  time  in  all  cases  for  the  impulse  to  get 
to  the  cord  and  back.    Several  observers*  have  attempted  to 
determine  the  time  intervening  between  stimulus  and  response 
by  using  the  string  galvanometer  to  indicate  the  electrical  response 
in  the  muscle,  instead  of  attempting  to  record  the  contraction 
itself.     According  to  Snyder,  the  time  interval  lies  between  0.0113 
and  0.015  sec,  while  Hoffmann's  results  give  an  interval  of  0.019 
to  0.024  sec.     The  calculations  of  both  observers  indicate  that  the 
time  is  sufficient  for  a  reflex,  and  much  too  long  for  a  direct  excita- 
tion.    In  the  case  of  the  Achilles  jerk,  Hoffmann  finds  that  it  may 
be  liberated  by  electrical  stimulation  of  the  n.  tibialis  and  that 
imder  these  circumstances  there  is  first  a  deflection  of  the  galvano- 
meter, due  to  direct  stimulation  of  the  gastrocnemius  through 
its  motor  ner\'e,  and  this  is  followed  later  by  a  second  deflection,  dut 
to  reflex  stimulation.     This  latter  accords  in  time  interval  with  the 
Achilles  jerk,  and  gives  a  new  proof  that  the  phenomenon  is  a 
genuine  reflex.     In  view  of  these  facts  it  would  seem  to  be  safe 
to  conclude  that  the  knee-kick  and  similar  phenomena  are  reflexes 

•Snyder,  *'American  Journal  of  Physiology,"  20,  474,  1910.    Hoffmann, 
"Archiv  f.  Physiologic,"  1910,  223. 
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but  n-BrxoB  in  which  a  single  nerve  impulse  is  sent  out  from  the 
copi.  causing  a  simple  contraction  in  the  muscle  affected. 

CooditioxLS  Influencing  the  Extent  of  the  Knee-jerk. — The 
rffrt  of  various  normal  conditions  upon  the  knee-jerk  has  been 
taiati  by  a  numl>er  of  ol)servers,  parlieularly  by  I-*ombard.*  The 
mkft&re  m<>st  interesting  in  that  they  indicate  ver}'  clearly  that 
iLe irritahiUty  of  the  spinal  cord  varies  with  almost  ever>'  marked 
<iiaD^  in  mental  activity.  During  sleep  the  jerk  disappears 
ad  in  mental  conditions  of  a  restful  character  its  extent  is  relatively 
mL  In  conditions  of  mental  excitement  or  irritation,  on  the 
eoBtan*,  the  jerk  becomes  markedly  increased.  Ix>mbard  ob- 
UTodabo,  in  his  own  case,  a  daily  rhythm,  which  is  represented 
■th  chart  given  in  Fig.  71.     It  would  seem  from  his  experiments 


1*  *  •  , 


AtwiM  tte>4H# 


^*  Tl.— l^jmbftH's  fimire  to  Indicate  the  dikily  rhythm  in  lh«  extent  of  the  knee- 
■  >M  tto  cffrct  (»f  mental  stimuli.     The  or<iiniilee  (0-1 10)  represent  the  extent  of  the 
ra.     EjKch  Jot  n'prp.'wnts  »  sp[>arute  kick,  while  the  heavy  honaoDtjil  line 
»  esteut  for  the  periLMl  inilicateil. 


Ita  lie  extent  of  the  knee-jerk  is  a  sensitive  indicator  of  the 
Kkthie  state  of  irritability  of  the  nervous  system:  "The  knee- 
jwk  il  increased  and  diminishetl  by  whatever  increases  and  di- 
■Mm  the  activity  of  the  central  nerx'ous  system  as  a  whole." 
IVi^neral  fact  is  supported,  especially  as  regards  mental  activity, 
kf  olvervations  on  other  similar  mechanisms, — such,  for  instance, 
■I  tbe  cocidition  of  the  nervous  centers  controlling  the  bladder. 

*Umh»rd.  "The  American  Journal  of  Psychology,"  1887,  p.  I.     See 
■fcomidi  "Knee-jerk"  (Warren),  •' Wood'a  Ref.    Handbook  of  Med.  Sci- 


160       PHYSIOLOGY  OF  CENTRAL  NERVOUS  SYSTEM. 

Use  of  the  Knee-jerk  and  Spinal  Reflexes  as  Diagnostic 
Signs. — ^The  fact  that  the  knee-jerk  depends  on  the  integrity  of 
the  reflex  Ate  in  the  lumbar  cord  has  made  it  useful  as  a  diagnostji 
indication  in  lesions  of  the  cord,  particularly,  of  course,  for  tb 
lumbar  region.  It  is  mainly  on  account  of  its  practical  value  am 
the  ease  with  which  it  is  ordinarily  obtained  that  the  phenonc 
enon  has  been  studied  so  exterisively.  In  the  disease  known  a 
progressive  locomotor  ataxia  the  posterior  root  fibers  in  the  potf 
tenor  columns  in  the  lumbar  region  are  affected,  sind,  as  a  cor 
sequence,  the  jerk  is  diminished  or  abolished  altogether  accordin 
to  the  stage  of  the  disease.  So  also  lesions  affecting  the  anterv? 
horns  of  the  gray  matter  will  destroy  the  reflex  by  cutting  off  tk 
motor  path,  while  in  other  cases  lesions  in  the  brain  or  the  latera 
coliunns  of  the  cord  affecting  the  pyramidal  system  of  fibers  maj 
be  accompanied  by  an  exaggeration  of  this  and  similar  reflexes 
This  latter  fact  agrees  with  the  experimental  results  (see  p.  147] 
upon  ablation  of  the  brain.  After  such  operations  in  the  froj 
and  lower  mammals  at  least  the  spinal  reflexes  may  show  a  markec 
increase.  Interruption  of  the  descending  connections  between  braii 
and  cord  at  any  point,  therefore,  may  be  accompanied  by  a  strik- 
ing increase  in  sensitiveness  of  the  spinal  reflexes.  The  explana 
tion  usually  given  is  that  the  inhibitory-  influences  of  the  braix 
centers  upon  the  cord  are  thereby  weakened  or  destroyed. 

Other  Spinal  Reflexes. — Various  other  distinctive  reflexe* 
through  the  spinal  cord  may  be  obtained  readily,  and  since  th( 
motor  cells  concerned  lie  at  different  levels  in  the  cord  th( 
presence,  absence,  c»r  modified  character  of  these  reflexes  hat 
been  used  frequentl}-  for  diagnostic  purposes.  In  the  firsi 
place  there  are  a  number  of  so-called  deep  reflexes  which  ma] 
be  aroused  l\v  sensory  stimulation  of  parts  beneath  the  skin 
such  as  the  tendons,  ligaments,  and  periosteum.  Almost  anj 
tendon  if  stimulated  niechanicuily  may  give  a  jerk  of  the  cor 
responding  muscle,  just  us  in  the  case  of  the  knee-kick.  Sucl 
reactions  have  been  described  and  used  in  the  case  of  the  wrist 
jerk,  the  jaw-jerk,  the  Achilles-jerk,  etc.  The  last  named  ii 
obtained  by  putting  the  foot  into  a  position  of  dorsiflexion  anc 
then  tapping  the  tendo  calcaneus  (.Achillis).  The  result  is  i 
contraction  of  the  gastrocnemius,  causing  plantar  flexion  of  th< 
foot.  A  variation  of  this  reflex  is  the  phenomenon  known  ai 
ankle  clonus.  This  is  obtained  by  giving  a  quick  forcibh 
dorsiflexion  to  the  foot  thus  putting  the  tendon  and  musck 
under  a  sudden  mechanical  strain.  In  some  cases  there  results 
a  rhjrthmical  series  of  contractions  of  the  gastrocnemius.  A 
second  group  of  reflexes  may  be  obtained  by  stimulation  ol 
special  points  on  the  skin,  the  cutaneous  reflexes.     For  example 


Fig.  72. — Diacrmmxnatio  reprwenUtion  of  the  towflr  portion  (tf  th«  kttmAn  I 
■pinftl  oord. 

The  cord  ui  divided  into  it«  four  re^ona:  1,  Medulla  cervicalis;  2,  meduB* 
3,  medulla  lumbalis;  4,  medulla  aaeralis.  Withm  each  region  the  spinal  mbum 
Roman  numbera.  On  the  left  nde  of  the  diagram  the  locality  supplied  by  the 
(afferent)  neurons  is  indicated  by  one  or  more  words,  and  these  latter  are  e 
with  the  bulb  or  Uie  segments  of  the  cord  at  the  levels  at  whuh  ttw  neiTee  cut 
afferent  character  is  indicated  by  the  arrow  tip  on  the  lines  of  refarenee. 

On  the  right-hand  side  the  namee  of  muscles  or  groups  of  muscdes  an  ^TW 
them  are  drawn  reference  lines  which  ftart  from  the  segments  of  the  oora  in  n 
cell-bodies  of  origin  have  been  located. 

Within  the  cord  it»elf,  the  deflignations  for  several  reflex  oenters  are  uustUm 
sopnent  where  the  mechaniHrn  is  localised.     For  example,  Reflexus  sra^iularia, 
cino>spinale,  Reflexus  epigantricux,  Reflexus  abdominalJH,  Reflexus  cremastorious, 
natellarifi,  Ref1exu»  f«ndo  Achillis.  Centrum  veeicale,  Centnmi  anale  (the  laat  tw 
left  side  of  the  diagram).     (Donaldson.  "Amer.  Text-book  of  Phyaology."  f 
Neurologico-/'  StrUmpeU  and  Jakob.) 
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the  plantar  reflex,  which  consists  in  a  flexion  of  the  toes  when  the 
sole  of  the  foot  is  stimulated  by  tactile  or  painful  stimuli.  Under 
pathological  conditions  which  involve  a  lesion  of  the  pyramidal 
tracts  in  the  cord  this  reflex  is  altered,  the  great  toe  being 
extended  instead  of  flexed  (Babinski's  phenomenon).  The 
cremasteric  reflex  consists  in  a  contraction  of  the  cremasteric 
muscle  which  raises  the  testis.  It  follows  from  stimulation  of 
the  skin  on  the  inner  side  of  the  thigh  at  the  level  of  the  scrotum. 
The  location  of  the  motor  centers  of  these  and  other  similar 
reflexes  is  shown  in  the  accompanying  illustration  (Fig.  72). 

11 


GHAPTER  Vm. 
THE  SPINAL  CORD  AS  A  PATH  OF  CX)NDUCnOR. 

In  addition  to  the  varied  and  important  fimctions  pezfonnedl- 
by  the  cord  as  a  system  of  reflex  centers  controlling  the  activities^ 
of  numerous  glands  and  visceral  organs  as  well  as  the  80-calle<flL 
voluntary  muscles,  it  is  physiologically  most  important  as  a  path — 
way  to  and  from  the  brain.     All  the  fibers,  numbezing  more  thaiB. 
half  a  million,  that  enter  the  cord  through,  the  posterior  roots  of 
the  spinal  nerves  bring  in  afferent  impulses,  which  may  be  continued- 
upward  by  definite  tracts  that  end  eventually  in  the  cortex  of  thc^ 
cerebrum,  the  cerebellum,  or  some  other  portion  of  the  brain.    Om- 
the  other  hand,  many  of  the  efferent  impulses  originating  reflexly 
or  otherwise  in  different  parts  of  the  brain  are  conducted  downward, 
into  the  cord  to  emerge  at  one  or  another  of  the  anterior  roots  of 
the  spinal  nerves.    The  location  and  extent  of  these  ascending  and 
descending  paths  form  a  part  of  the  inner  structure  of  the  cord, 
which  is  most  important  practically  in  medical  diagnosis  and  whictk 
has  been  the  subject  of  a  vast  amount  of  experimental  inquiry  in 
physiology,  anatomy,  pathology,  and  clinical  medicine.     In  working 
out  this  inner  architecture  the  neuron  conception  has  been  of  the 
greatest  value,  and  the  results  are  usually  presented  in  terms  of 
these  interconnecting  units. 

The  Arrangement  and  Classification  of  the  Nerve  Cells 
in  the  Gray  Matter  of  the  Cord. — Nerve  cells  are  scattered 
throughout  the  gray  matter  of  the  cord,  but  are  arranged  more 
or  less  distinctly  in  groups  or,  considering  the  longitudinal  aspect 
of  the  cord,  in  columns  the  character  of  which  varies  somewhat  in 
the  different  regions.  From  the  standpoint  of  physiological  anatomy 
these  cells  may  be  grouped  into  four  classes:  (1)  The  anterior 
root  cells,  clustered  in  the  untorior  column  of  gray  matter  (1,  Fig. 
73).  The  ax(»ns  of  these  cells  pass  out  of  the  cord  almost  at  once 
to  form  the  anterior  or  motor  roots  of  the  spinal  nerves.  (2)  The 
tract  colls,  so  called  because  their  axons  instead  of  leaving  the  coid 
by  the  spinal  roots  enter  the  white  matter  and,  passing  upward 
or  downward,  help  to  form  the  tracts  into  which  this  white  matter 
may  be  divided  (2  and  3  of  Fig.  73).  These  tract  cells  are  found 
throughout  the  ^ray  matter,  and,  according  to  the  side  on  which  the 
axon  enters  into  a  tract,  they  may  be  divided  into  three  subgroups: 
(a)  Those  whose  axons  enter  the  white  matter  on  the  same  side  of 
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iht  cord,  the  tautomeric  tract  cells  of  Van  Gehuchten,  (b) 
Tho9e  whose  axons  pass  through  the  anterior  white  commissure 
JU)iJ  thus  reach  the  tracts  in  the  white  matter  of  the  other  side. 
TTjese  are  known  as  commissural  cells  or  the  heteromeric  tract 
ttll^  of  Vnn  (Jehuchten.  They  form  one  obvious  means  for  crossed 
0Dlbhjc1ioD  in  the  cord,  (c)  Those  whose  axoas  divide  into  two, 
ooepaaBiiig  into  the  white  nmtter  of  the  same  side,  the  other  pas&- 
;by  way  of  the  anterior  commissure  to  reach  the  while  matter 
opposite  side — the  hccateromeric  tract  cells  of  Van  (Jehuch- 
<3)  The  Golgi  cells  of  the  second  type — that  is,  cells  whose 
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****>*  divide  into  a  number  of   small  branches   like  those  of    a 
iJorfrilc.     The  axons  of  these   cells,   therefore,  do  not  become 
>MduUat«d  nerve  fibers;    they  take  no  part  in  the  formation  of 
^  spinal  nx>ts  or  the  tracts  of  white  matter  in  the  cord,  but 
tounate  diffusely  within  the  gray  matter  it^self.     (4)  The  pos- 
terior rrH>t  cells  lying  toward  the  base  of  the  anterior  columns. 
Theie  cells  have  iH*en  demonstrated  in  some  of  the  lower  verte- 
bral (petrorayzon — chick  embryo),  but  their  existence  in  the 
BUmmal  is  still  a  question  in  some  doubt;  their  axons  pass  out 
frtMD  the  cord  by  the  (wislerior  root  and  they  form  the  anatomical 
evidooce  for  the  view  that  the  posterior  roote  may  contain  some 
tfcreot  fibers.    Some  of  the  groups  of  tract  cells  have  been  given 
■peeJAl  n&mes — such,  for  instance,  as  the  dorsal  nucleus  (Clarke's 
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column).  This  group  of  cells  lies  at  the  inner  angle  of  the 
posterior  column  of  gray  matter  (5,  Fig.  76),  and  forms  a  column 
usually  described  as  extending  from  the  middle  lumbar  to  the 
upper  dorsal  region.  The  axons  from  these  cells  pass  to  the 
dorsal  margin  of  the  lateral  funiculi  on  the  same  side  to  con- 
stitute an  ascending  tract  of  fibers  known  as  the  tract  of  Flechsig, 
or  the  fasciculus  cerebellospinalis. 

General  Relations  of  the  Gray  and  White  Matter  in  the 
Cord. — Cross-sections  of  the  cord  at  different  levels  show  that 
the  relative  amounts  of  gray  and  white  matter  differ  considerably 
at  different  levels,  so  that  it  is  quite  possible  to  recognize  easily 
from  what  region  any  given  section  is  taken.  At  the  cervical  and 
the  lumbar  enlargements  the  amounts  of  both  gray  and  white 
matter — ^that  is,  the  total  cross-area  of  the  cord — show  a  sudden 
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Fig.  74. — Curves  to  hHow  the  relative  areas  of  the  ^ay  and  white  matter  of  ihb  spinal 
eord  at  different  leveU, — {Donaldaon  and  Davia.)  The  Roman  numerals  along  the  abedeaa 
represent  the  origiD  of  the  different  spinal  nerves. 

increase  owing  to  the  larger  number  of  fibers  arising  at  these  levels. 
The  white  matter,  and  therefore  the  total  cross-area,  shows  also 
a  constant  increase  from  below  upward,  due  to  the  fact  that  in 
the  upper  regioas  many  fibers  exist  that  have  come  into  the  cord 
at  a  lower  level  or  from  the  brain,  those  from  the  latter  region  being 
gradually  distributed  to  the  spinal  ner\'es  as  we  proceed  downward. 
In  the  accompanying  figure  a  qaxvyq  is  presented  showing  the  cross- 
area  of  the  cord  and  the  relative  amounts  of  gray  and  white  matter 
at  each  segment. 

Tracts  in  the  White  Matter  of  the  Cord,  Methods  of  Deter* 
mining. — The  separation  of  the  medullated  fibers  of  the  cord 
into  distinct  tracts  of  fillers  possessing  different  functions  has 
been  accomplished  in  part  by  the  combined  results  of  investiga- 
tions in  anatomy,  physiology,  and  pathology.  The  two  methods 
that  have  been  employed  most  frequently  and  to  the  best  advan- 
tage are  the  method  of  secondar)^  degeneration  (Wallerian  degen- 
eration) and  the  method  of  myelinization.  The  method  of  second- 
ary degeneration  depends  upon  the  fact  that,  when  a  fiber  is  cut 
off  from  its  cell  of  origin,  the  peripheral  end  degenerates  in  a  few 
days.    If,  therefore,  a  lesion,  experimental  or  pathological,  is  made 
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in  ibe  cord  at  any  level,  those  filjens  that  are  affected  undergo 
degengnUion :  those  with  their  cells  below  the  lesion  degenerate  up- 
ward, and  those  with  their  cells  above  the  lesion  degenerate  (iown- 
vmri.  According  to  the  law  of  polarity  of  conduction  in  the  neuron 
a  descending  degeneration  in  the  cord  indicates  motor  or  efferent 
palfaa  as  regards  the  bruin,  and  ascendiiig  degeneration  indicates 
aemon'  or  afferent  p)aths.  It  is  obvious  that  localized  le-sions  can 
be  ttscd  in  this  way  to  trace  definite  groups  of  fibers  through  the  cord. 
If,  for  instance,  one  exposes  and  cuts  the  posterior  roots  in  one  or 
aaoMof  the  lumbar  nerves,  the  portions  of  the  fibers  entering  the 
aonl  will  degenerate,  and  the  path  of  s<jrne  of  these  fibers  may  be 
tnoMl  in  this  way  upward  to  the  medulla.  The  degenerated  fibers 
majr  be  revealed  histologically  by  the  staining  methods  of  Weigert 
or  of  Marchi.  The  latter  method  (preser\'ation  in  Midler's  fluid, 
'***"***g  in  OKmic  acid  and  Miiller's  fluid)  1ms  proved  to  be  espe- 
oaOy  useful;  the  degenerated  fibers  during  a  certain  period  give 
a  black  color  with  this  liquid,  owing  probably  to  the  splitting  up 
of  the  lecithin  in  the  myelin  and  the  liberation  of  the  fat  from  its 
ooinbfaiation  with  the  other  portions  of  the  molecule.*  The  raye- 
Bnixation  method  was  introduced  by  Flechsig.  It  depends  upon 
tbe  fact  that  in  the  embn^o  the  nerve  fibers  as  first  formed  have 
no  myelin  sheath,  and  that  this  easily  detected  stnicture  is  in  the 
ecDUal  nervous  sj'stem  assumed  at  about  the  same  time  by  those 
bwwHtif  or  tracts  of  fibers  that  have  a  common  course  and  func- 
tiocL.  By  this  means  the  origin  and  termination  of  certain  tracts 
may  he  worked  out  in  the  embrj'o  or  shortly  after  birth.  The 
w^A-known  8\'stem  of  pyramidal  fibers,  for  instance,  is  clearly 
difarntiattMl  in  the  embryo  late  in  intra-uterine  life  or  at  birth, 
Oflring  to  the  fact  that  the  fibers  composing  it  have  not  at  that 
time  acquired  their  myelin  sheaths.  Flechsig  assumes  that  the 
derelopment  of  the  myelin  marks  the  completed  structure  of  the 
wrve  fiber  and  in<licates,  therefore,  the  time  of  its  entrance  into 
fun  functional  activity. 

General  Classification  of  the  Tracts. — The  tracts  that  have 
been  worked  out  in  the  white  matter  of  the  cord  have  been  classified 
ia  wveral  ways.  We  have,  in  the  first  place,  the  division  into  aa- 
tmmMnfr  and  descending  tracts.  This  division  rests  upon  the  fact 
that  the  axon  conducts  its  impulses  away  from  the  cell  of  origin,  and 
oooaequently  those  neurons  whose  axons  extend  upward  toward  the 
lllf^Mr  parts  of  the  cord  or  brain  are  designated  as  ascending,  since 
Boraially  the  impulses  conducted  by  them  take  this  direction.  They 
OQBatitute  the  afferent  or  seas4^)r\'  paths,  and  in  case  of  injury  to  the 
fiter  or  cell  the  9econdar>'  degeneration  also  extends  upward.  The 
if  of  course,  holds  true  fc»r  the  descending  or  motor  paths. 


I  ^8««  Hmllibunon,  "Th«  Cheinioai  Side  of  Ner\'Ous  .Activity,"  Lomlao, 

■      1901;   **CrooniMi  I.«ctures." 
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e  tracts  may  be  divided  also  into  long  and  short  (or  segmental) 
tracts.     The  latter  group  coniprLses  those  tracts  or  fibers  whicto 
hiive  only  a  short  course  in  the  white  matter,  extending  over  a  di.*^- — 
tance  of  one  or  more  spinal  segments.     Histologically  the  fibei*s  c»-^ 
these  tracts  take  their  origin  from  the  tract  cells  in  the  gray  matte=^  ^^*' 
of  the  cord  and  after  ninning  in  the  white  matter  for  a  distance  c^-  ^ 
one  or  more  segments  they  again  enter  the  gray  matter  to  terminat^^^ 
around   the  dendritic  proce>we.s  of   another  neuron.     These  shor^^C^ 
tracts  may  be  ascending  or  descending,  and  the  impulses  that  the>^""*" 
conduct  are  conveyed  up  or  down  the  cord  by  a  aeries  of  neurons^^i^ 
each  of  whose  axons  runs  onl}-  a  short  distance  iu  the  white  matt^r^ 
and  then  conveys  its  impulse  to  another  neuron  whose  axon  in  turn- 
extends  for  a  segment  or  two  in  the  white  matter,  and  so  on. 
These  tracts  are  somctiincK  described  as  association  or  short  associa- 
tion tracts,  because  they  form  the  mechanism  by  which  the  acti\'i- 
ties  of  different  segments  of  the  cord  are  brouglit  into  association. 
This  method  of  conduction  by  segmental  relays  hivolving  the  par- 
ticipation of  a  series  of  neurons  may  be  regarded  as  the  primitive 
method.     It  indicates  the  original  structure  of  the  cord  as  a  series 
of  segments,  each  more  or  less  iudejx'ndent  pliysiologically.    The 
short  tracts  in  the  mammaliun  cord  lie  close  to  the  gray  matter, 
fornung  the  Indk  of  what  is  known  as  the  anterior  and  lateral 
proper  fiisciculi.     The  long  tracts,  on  the  contrary,  are  com- 
posed of  those  fibers,  ascending  or  descending,  which  run  a  long 
distance,  and,  in  fact,  extend  from  the  cord  to  some  part  of 
the   brain.     It   is   known,   however,   that,   although   the   tracts 
OS  tracts  extend  from  brain  to  cord,  many  of  their  constituent 
fibers  may  begin  and  end  in  the  cord  or  in  the  brain,  as  the 
case  may  he.     Some  of  the  fil>ers  of  the  long  tracts  are,  there- 
tore,  so  far  as  the  cord  is  concernetl,  simply  long  association 
tracts  whicli  connect  different  regions — c.  g.,  cervical  and  lum- 
bar— of    the    cord    by    a    single    neuron,    as    the    short    asso- 
ciation tracts  connect  different  segments  of  the  same  region. 
It    is   said   that    in    these   long  tracts   those   fibers   that    have 
the  shortest  coue*se  lie  to  the  inside— that  is,  nearest  to  the  gray 
matter.*     From  the  re-sults  of  comparative  studies  of  the  difrei*ent 
vertebrates  we  may  conclude  that  the  long  tracts  are  a  relatively 
late  development  in  their  phylogenetic  history,  and  that  in  the 
most   highly   developed   animals,   man   and   the   anthropoid   apes, 
these  long  tracts  are  more  conspicuous  and  form  a  larger  per- 
centage of  the  total  area  of  the  cord.     A  physiological  corollary 
of  this  conclusion  should  be  that  in  man  the  independent  activity 
of  the  cord  is  less  marked  than  in  the  lower  vertebrates,  and 
this  deduction  is  borne  out  by  facts  (see  p.  145). 

•Sherrinjrtnn  unci  Laaiett,  "Journal  of  Physiology, "  29,  188.  1903;  and 
Sherrington.  ib\d.,  14,255. 
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.  ,  ^  76--3ch«ii«  of  thr  tracts  in  the  ^inivl  cord  fKottiker'):  tj,  Fiusdculii*  gracUlB; 
••  "■**ntiui cuneatus ;  yr.  fa^ii'iculu*  cerebrii'<pintiIi-«  latorHli:^:  pH,  fasciruUi-s  e-rrfbiuspiualia 
•Avriur;  f,  fasciculus  cerebellospinal  is  ;  gr^  /a.sciculus  aiitorulateraliji  »up«rlicialis. 

Iji  the  lateral  funiculus, 

1.  The  fasciculus  cerebrospinalis  lateralis,  known  also  as  the 
lateral  or  crossed  pyramidal  tract. 

2.  The  fasciculus  cercbellospinalis,  known  also  as  Flechsig's 
tnct 

3.  The  fasciculus  anterolateralis  superficialis,  known  also  as 
^'OWers  tract. 

4.  The  lateral  gi-ound  bundle  (fasciculus  lateralis  proprius), 
Diadeup  chiefly  of  short  association  fibers. 

In  the  anterior  funiculus, 

1.  The  fasciculus  cerebrospinalis  anterior,  known  also  as  the 
defect  or  anterior  pyramidal  tract. 

2.  The  anterior  ground  bundle  (fasciculus  anterior  pruprius), 
W  these  tracts,  the  fasciculus  grfunlis,  fasciculus   cuncatus, 

'wnculiu*  cerebellospinalis,  and  fasciculus  ant^Tolatcralis  supcr- 
ficiiilix  represent  ascending  or  sensory  paths,  while  the  lateral 
*^*1  anU'rior  cerebrospinal  or  pyramidal  fasciculi  form  a  related 
^^wnending  or   motor   path.     The   anterior   and    lateral   ground 
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bundles  are  composed  of  mixed  ascending  and  descending  fib 
which  have  not  yet  been  separated  satisfactorily  into  specific  trac 
although  some  attempts  in  this  direction  have  been  made,  as 
described  briefly  below.    At  the  apex  of  the  posterior  horn,  t 
column  of  gray  matter,  there  is  found  a  small  group  of  fibers  know 
as  the  tract  of  Lissauer,  which  is  composed  apparently  chiefly  c 
ascending  fibers. 

The  Termination  in  the  Cord  of  die  Fibers  of  the  Posteriod 
Root. — All  fibers  conveying  afferent  impulses  from  the  skin  of  the 
limbs  and  trunk,  from  the  muscles  and  joints,  and  from  the  vis- 
cera   and    internal    mem- 
-^    t-  branes     enter     the     cord 

through  the  posterior  roots. 
Inasmuch  as  these  roots 
are  superficially  con- 
nected with  the  pos- 
terior funiculi,  the  older 
observers  naturally  sup- 
posed that  this  portion 
of  the'  white  matter  of  the 
cord  forms  the  pathway  for 
sensory  impulses  passing  to 
the  brain.  That  this  sup- 
position is  not  entirely  cor- 
rect was  proved  by  experi- 
mental physiologj'.  Sec- 
tion of  the  posterior  fu- 
niculi causes  little  or  no 
obvious  loss  of  sensations 
in  the  parts  below  the 
lesion.  Histological  inves- 
tigation has  since  shown 
that  only  a  portion  of  the 
fibers  entering  through  the 
posterior  root  continue  up 
the  cord  in  the  posterior 
funiculi;  some  and  indeed 
a  large  proportion  of  the 
whole  number  enter  into 
the  gray  matter  and  end 
around  tract  cells,  whence  the  path  is  continued  upward  by  the 
axons  of  these  latter  cells,  mainly  in  the  lateral  or  anterolateral 
funiculi.  The  several  ways  in  which  the  posterior  root  fibers 
may  end  in  the  cord  are  indicated  in  Fig.  76. 

The  posterior  roots  contain  fibers  of  different  diameters,  and 
those  of  smallest  size  (1)  are  found  collected  into  an  area  known 


Fig.  76. — Schema  ta  Mhow  the  terminaiions 
of  the  enterinfc  Hbers  of  the  ptisterior  root :  1, 
Fibeni  etiteririK  zone  of  Lis.Haiier  an«l  teniiinatinK 
in  pofiterinr  cnlunin;  2,  fiber  tertninatiiiK  an>un(l  a 
tract  cell  whose  axon  pa^^er*  into  white  matter  of 
same  wide;  3,  fiber  tenninatinfE  around  a  tract  cell 
whow  axon  paH}*e}<  to  opposite  fide  (comnii^tsunU 
ceW);  4.  fiber  tenninatinK  arotind  motor  cell  of 
anterior  column  (reflex  arc);  5,  fiber  terminating 
in  tract  cell  of  dorsal  nucleus;  6,  fiber  (exog- 
enous) pa-H^inK  tipward  in  posterior  funiculus  to 
terminate  in  the  medulla  oblongata. 
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19  the  tract  of  Lissauer,  lying  between  the  periphery  of  the  cord 
tndihe substantia  gelatinoi^a  of  tlie  postiTior  columii.  These  fil>ers, 
pMlly  medullated  and  partly  non-meilulhted,  terminate  chiefly 
muni]  the  small  cells  found  in  the  substantia  gelatinosa.*  The 
lan!*'rfi|->ers  of  the  root  lyin^  to  the  median  side  fall  into  two  f^roups: 
Diuso  lying  laterally  (2,  '^,  4)  enter  the  gray  matter  of  the  posterior 
wliiran  and  end  in  tract  cells  (2)  whose  axons  are  distributed  to 
the  same  side  of  the  cord,  or  in  tract  cells  whose  axons  (3)  pass 
to  the  other  side  through  the  anterior  white  connnissure,  or  (4) 
in  the  motor  cells  of  the  anterior  column,  thus  making  a  typical 
frflnan*.  Some  of  the  fibers  t>f  this  group  may  also  pass  through 
the  posterior  commissure,  to  end  in  the  gray  matter  of  the  oppo- 
site side.  The  larger  fibers  lying  nearest  to  the  median  line 
PDter  the  fasciculus  cuneatus  and  run  forward  in  the  cord^  some  of 

I'))  continuing  upward  to  the  medulla^  and  some  of  them 

iUt  a  shorter  course,  turning  into  the  gray  matter  to  end  in 
ibe  cells  of  the  dorsal  nucleus.  The  axons  of  the  cells  in  the 
ilorsal  Dueleus  in  turn  pass  out  of  the  gray  matter  to  constitute 
tlie ascending  path  in  the  lateral  funiculus,  known  as  the  cerebello- 
Jpiiml  fasciculus. 

This  general  outline  of  the  mode  of  ending  in  the  cord  of  the 
fil'eraof  the  posterior  root  is  complicated  further  by  the  fact  that 
thae  fibers  are  supposed  to  give  off  collaterals  after  entering  the 
wird.  The  course  of  the  typical  fiber  in  the  posterior  root  is 
Wfrfwented  in  Fig.  67.  According  to  this  diagram,  the  root 
fil*r, after  entering  the  cord,  makes  a  Y  or  T  division,  one  branch 
pMng  downward  or  posteriorly  for  a  short  distance^  the  other, 
wngBT  division,  passing  ui)ward  or  anteriorly.  Ktich  of  these 
B>*w  stems  may  give  off  one  or  more  lateral  liranches,  .sensory 
wlUterals.  A  main  stem,  therefore,  which  runs  upward  in  the 
f»scirulu3  cuneatus  (6)  to  terminate  in  the  medulla  oblongata 
ni*>'  give  off  collaterals  at  varitjus  levels  which  tenniuate  in  the 
ly  nialter  of  the  cord,  either  aroun<l  tract  cells  or  around  the 
itCTior  root  cells,  forming  in  the  lattnr  case  a  simple  reflex  arc. 
The  existence  of  collaterals  upon  the  root  fibers  within  the  cord 
wbeen  demonstrated  in  the  human  endiryo.  but  we  have  little 
*xwt  information  concerning  their  numerical  vahie  in  the  atkilt. 
Thes<*liema  given  in  Fig.  7t>  must,  therefore,  be  accepted  as  an 
wtirely  diagrammatic  representation  of  the  chief  possil:»ilities 
'^'the  mode  of  ending  of  the  fibers  of  the  posterior  root  by  way 
w  their  collaterals  as  well  as  by  way  of  the  main  stems. 

Ascending    (Afferent    or    Scnsoryl     Paths    in    the    Posterior 
'        li-— The  posterior  funiculi  arc  cotujioscd  partly  of  fibers 

1  directly  from  the  posterior  n»e>ts  ((>  in  sche^rna)  and  arising, 
therefore,  from  the  cells  in  the  posterior  root  ganglia,  and  partly 

'Rahsod.  "The  American  Jounial  of  Anatomy/'  15.  97»  1914. 
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from  fibers  that  arise 


7^^Dorsal 


Z'^Lwnhar 


Fiff.  77.— Dift^tramM  to 
show  counte  of  upward  de- 
IPeneration  of  fibrt-f  of  poste- 
rior funiculi  after  MM-tion  of 
a  number  of  posterior  rootH 
of  the  ner\'e«  forming  the 
lumboRscral  plexus. — (Afort.) 
It  will  be  noted  that  in  the 
<*n'ica!  re^onn  the  degener- 
ated area  ia  eonfined  to  the 
fasciculus  gracilis. 


from  tract  cells  in  the  gray  matter  of  the 
cord  itself.     It  is  convenient  to  spe&lc 
of  the  former  group  as  exogenous  fiben, 
using  this  term  to  designate  nerve  fiben 
which  arise  from  cells   placed   outside 
the  cord ;  and  the  latter  group  as  endo- 
genous fibers — that  is,  fibers  that  have 
their  cells  of  origin  in  the  gray  matter  of 
the  cord.     If  we  omit  a  consideration 
of  their  collaterals  the  course  of  the 
exogenous  fibers  is  easily  understood. 
They  come  into  the  cord  at  every  pos- 
terior  root,   enter   into   the   fasciculus 
cuneatus,  and  pass  upward.     The  fibeis 
of   this   kind   that   enter  at  the   lower 
regions,  sacral  and  lumbar,  are,  however, 
gradually   pushed   toward   the   median 
line  by  the  exogenous  fibers  entering  at 
higher  levels,  so  that  in  the  upper  tho- 
racic or  cervical  regions  the  fasciculus 
gracilis  is  composed  mainly  of  exogenous 
fibers  that  have  entered  the  cord  in  the 
lumbar  or  sacral  region.     These  fibers 
continue  upward  to  end  in  two  groups 
of  celTg^iat  \\^  on  ttie  dorsal  side  of  the 
me(lulhi_jjblonga^ta^_and__are    known, 
respectively',    as    the    nucleus    of    the 
fasciculus  gracilis   (or. nucleus  of  Goll) 
and  tlie  nucleus  of  the  fasciculus  cunea- 
TTis    (or"  nucleus    of    Burdadi)*  -  Their 
patli  T()r\var(rfruni  the  medulla  is  con- 
tinued by  new  neurons  arising  in  these 
nuclei,  and  will  be  described  later.     The 
course  of  these  fibers  in  the  cord  may  be 
shown    beautifully    by   the    method   of 
secondary  degeneration.     If  one  or  more 
of  the   posterior   roots   of  the   lumbar 
spinal  nerves  are  cut  or,  better  still,  if 
ti)e  posterior  funiculi  are  severed  in  this 
region,  the  degeneration  will  affect  the 
exogenous      fibers      throughout      their 
course  to  the  medulla,  and  it  will  be  seen 
that  in  the  cervical  region  the  degen- 
erated fibers  are  grouped  in  the  area  of 
the  fasciculus  gracilis  (see  Fig.  77).    The 
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I  fndogcnous  fibcra,  so  far  as  they  are  ascending,  represent  afferent 
i  paths  in  which  two  or  more  neurons  are  concerned.    The  po8- 
Iwior  root  fibers  concerned  in  these  paths  entl  in  the  j^ray  matter 
0^  ibp  cord,  and  thence  the  conduction  is  cimtiaueci  by  one  or 
DOR  trxici  cells.     The  conduction  by  this  !?ct  of  fibers  may  be  on 
tb^Munc  side  of  the  cord  as  that  on  wliich  the  root  fil)ers  entered; 
or  it  may  be  crossed,  or,  using  a  convenient  terminology,  it  may 
le  iiocaol&teral  or  c<jntralateral.     The  endo^reiious  fibers  are  not 
A  conspicuous  feature  of  the  posterior  funicuH  and  httic  is  known 
of  their  physiological  significance.      The  physiological  value  of 
At  exogenous  or  root  fibers  in  the  posterior  finiiouli  has  been  in- 
imjgBled  by  a  large  numl^er  of  observers.    The  filiysiijlogists  have 
enployed  the  dinM-t  method  of  cutting  the  funiruli  in  the  thoracic  or 
hBObttr  rrgion  and  ol>serving  the  efTe<-t  upon  tin*  sensations  of  the 
pftTta  below  the  h'sion.    The  positive  results  of  these  experiments 
hiVfr  h^rn  difficult  to  define.    Most  of  the  older  obser\'ers  found 
that  there  was  no  detectable  change  in  the  sensations  of  the  parts 
bdow.  l>ut  they  paid  attention  only  Xa  cutaneous  sensations,  and, 
indecdt  chiefly  to  the  sense  of  pain.     Later  observers*  have  differed 
also   in  their  description  of  the  effects  of  this  operation;  but 
most  of  them  state  that  the  animal  shows  an  awkwardness  or 
lack  of  skill  in  the  movements  of  the  hind  limbs,  especially  in 
the  finer  movements,  and  this  effect  is  interpreted  to  mean  that 
there  is  some  loss  of  muscle  sense.     This  conclusion  is  strength- 
ened by  the  results  of  pathological  anatomy.     In  the  disease 
knoim  AS  tabes  ilorsalis  the  posterior  funiculi  of  the  cord  in  the 
laokbar  region  are  affected  and  the  striking  symptom  of  this 
condition  is  an   interference  with  the  jxiwer  of  co-ordinating 
pniperly  the  movements  of  the  lower  limits,  particularly  in  the 
act  of  maintaining  body  equilibrium  in  standing  and  walking, — 
keooditinn  known  as  locomotor  ataxia.     So  far  as  the  cutaneous 
itiona    are    concerned, — that    is,    the    sensations    of    touch 
(prenaire)r  pain,  and  temperature, — all  observers  agree  that  the 
two  latter  are  not  affected  by  section  of  the  funiculi,  while  regarding 
touch,  opinions  have  differed  radically.     Schiff  contended  that 
I  ftooch  »msations  ure  dctectalile  a.s  long  ivs  these  funiculi  are  intact, 
r^Hld  are  seriously  int**rfered  with  when  they  are  sectioned;  but  most 
of  the  rrsults,  pathological  and  experimental,  indicate  that  when 
coatinuity  of  these  fibers  is  destroyed,  the  sense  of  touch  is 
pressent  in  the  parts  supplied  bj'  the  cord  below  the  lesion. 
An  exT  '     n  of  the  confusion  in  the  reported  results  may  be 

found  ;  .  -  in  the  fact  rejiort^Ml  below  (see  p.  175)  that  fibers 

oonveymg  the  impulses  necessarj'  to  tactile  discrimination  pass 
upward  in  these  funiculi,  while  other  touch   (pressure)  impulses 

•  BorrliCTi.   "An*hiv  f.  Phvsiolojrie,"   1902,  389.     See  alno  SherringlOD, 
^iotinul  of  Phyttiology,"  U,  2i>,5,  IKO:}. 
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cross  in  the  cord  and  pass  upward  in  the  anterior  funiculi.  To 
summarize^  therefore^  we  may  say  that  the  evidence  at  hand 
proves  that  the  ascending  fibers  of  the  posterior  funiculi  do  not 
convey  impulses  of  pain~~or  temperature,  that  if  they  convey 
any  cutaneous  touch  (pressure)  impulses,  they  certainly  3o^ot 
foTro  tde  only  "path"  <ff  conduction  forthi8_^n8e,  and  that^most 
probably  Ihejr  chief  function J8^^ 

sense, — that  is,  they  consist  of  those  deep  sensory  fibers  from  the 
"voluntary  muscles,  the  tendons,  and  the  joints,  through  which  we 
obtain  an  idea  of  the  position  of  the  limbs  and  tBe  state  of  con- 
traction of  the  muscles.    The  sensations  thus  aroused  in  the  higher 
parts  of  the  brain  are  necessary  to  the  proper  co-ordination  of  the 
movements  of  the  muscles.    Injury  to  these  funiculi,  therefore, 
while  it  does  not  cause  paralysis,  is  followed  by  disorderly — that 
is,  ataxic — movements.    On  the  histological  side  it  has  been  showa^ 
as  stated  above,  that  these  fibers  end  in  nuclei  of  the  medulla » 
and  thence  are  continued  forward  by  the  great  sensory  tract> 
known  as  the  "lemniscus,"  to  end  eventually  in  that  part  of  th& 
cortex  of  the  cerebrum  designated  as  the  area  of  the  body  senses- 
Ascending  (Afferent  or  Sensory)  Paths  in  the  Lateral  FuniculL — - 
The  two  best  known  ascending  tracts  in  these  funiculi  are  those  of 
the  cerebellospinal  and  the  superficial  anterolateral  fasciculi.    Both 
of  these  tracts  are  composed  of  endogenous  fibers.    The  former 
takes  its  origin  in  the  lower  thoracic  region,  and  is  composecTof 

"Swns  connected  with  the  tract 
cells  of  the  dorsal  nucleus.  The 
impulses  which  its  fibers  con- 
vey are  brought  into  the  cord 
through  those  fibers  of  the 
posterior  root  that  end  around 
the  cells  of  the  dorsal  nu- 
cleus. A  number  of  the  fibers 
in  this  funiculus  end  doubt- 
less in  the  gray  matter  of 
the  upper  regions  of  the  cord, 
but  most  of  them  continue 
upward  on  the  same  side, 
enter  the  inferior  peduncle  of 
the^  cerebellum  {restiform 
body),  and  torminate  in  the 
posterior  and  median  portions 
of  tjevcnniformjobe,  mainly  on  the  same  side,  but  partly  also  on 
the  opposite  side.  The  superficial  anterolateral  fasciculus,  situ- 
ated ventrally  to  the  cerebellospinal  fasciculus  {gr.  Fig.  75), 
may  extend  forwanl  into  the  anterior  funiculi  along  the  periphery 
of  the  cord.     The  two  bundles  may  be  more  or  less  intermingled 


v^. 


/^fve 


Fig,  78. — To  phow  the  course  of  the  fibers 
of  the  cerebellar  tmrts  of  the  cord  {Mott)i 
r.a.c,  Ventral  tract  (superficial  anterolateral); 
d.a.c,  dorsal  tract  (ccrobcUospinal);  a.v., 
fluperior  vermis;  P.C.Q.,  inferior  eolUculus. 
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It  the  poinU  of  contact.  This  tract  begins  in  the  lumbar  region,  its 
Cba»&risine  on  the  siimo  side  from  tract  cells  siTuated  in  the  inter- 
mediate [HirtiiMxs  of  the  gray  matter,  or,  according  to  Bruce,*  in  the 
Irnw  cells  of  the  column  of  Clarke.    This  author  states  also  that 
Cbm lieluu^ii^  to  this  tract  in  the  lower  thoracic  region  may  pass 
o«Hinl4)  the  tract  of  Flechsig  at  higher  levels.  Many  of  the  fibers  in 
thtttnct  poek^ibly  terminate  in  the  cord  itself,  since  the  bundle  does 
ootiacrra^e  regularly  in  size  as  it  passes  up  the  cord.    Most  of  the 
bundle  continues  for^-ard,  however,  aU>ng  the  ventral  side  of  the 
poQii  inuluall y  shifts  more  to  the  dorsal  si<le,  and  at  the  level  of  the 
Mpcrior  peduncles  of  the  cereliellum  turns  backward,  f4>r  the  most 
pirt.it  least,  and  passers  to  the  cerel>ellum  l>y  way  of  the  sup*Tior 
pwiunde  Ihnu'hium  conjunctivum)   and  the  anterior  medullary 
Ttknt,  to  end  in  the  venniformJoi  >e  chiefly jgi  the  sanie_^ide,  but  to 
MM  extent  on  the  opposite  sidef  (Fig.  78).     The  area  of  dis- 
tAntbn  of  these  fibers  lies  anterior  or  hea*lward  of  those  arising 
ia  the  dorsal  cerel)ellospinal  tract  (FleehsiE).    Where  this  tract 
«pOTt«  from  the  cerebellospinal  fasciculus  it  is  stated  t  ^bat  it 
pvesoff  a  number  of  fillers  which  ent^r  the  restiform  body  with 
<h»  oer«beUospinal  fasciculus  to  end  in  the   cerebellum.      This 
■d  other  facts  indicate?  that  the  two  tracts  constitute  a  com- 
■flB  qrstrm.     Regarding   the    physiology    of   these   two  tracts 
^1^  w  little   experimental   and    not    much    clinical    evidence. 
^f  obseiA'ers  have  cut  the  cerebellospinal  fasciculus  in  ani- 
nuia,  hut   with  no  ver>'  obvious  effect   except   again    a   slight 
dflpte  of   ataxia  in  the  movements  below  the  lesion  and  some 
fe»  of  mujscular   tone.S      This    result,   together   with    the    fact 
tfcat  the   bundle  ends  in  the  cerel>ellum,  gives   reason    for   be- 
fr'^injC  that  the  fibers  conyt^y  afTcrent  impulses  froin  tliE-muagles, 
Ai  we  aball  see,  much  evidence  of  various  kinds  connects  the  cere- 
fteBom  with  the  co-ordination  of  the  muscles  of  the  Ixxiy  in  the 
eanpfex  movements  of  stantUng  and  locomotion.     This  power 
of  eo-ordination  in  turn  depends  upon   the  afferent  imptilses 
bom  the  muscles  and  the  joints  and  other  so-culleil  deep  sen- 
•ory  partfi,  and  since  the  filMTs  of  the  cerel)ellospinal  fasciculus 
OmI   in   the  ceret>ellum,   and  since   experimental   lesion  of  them 
pves  BO  lofis  of  cutaneous  sensibility,  but  some  degree  of  ataxia, 
h  fream  justifiable  to  conclude  that  these  fibers  are  physiolog- 
iodly  musclcHsense  fibers.     The  similar  fibers  in  the  posterior 
fnoieaB  end  eventually  in  the  cortex  of  the  cerebrum,  and  may 
hm  flitppoeed,  therefore,  to  mediate  our  conscious  muscular  sensa- 

•  Brucr,  "Quarteriy  Journal  of  Exp.  PhyBiolog>-."  3.  391,  1910. 

t  For  tbr  ' :r(' upon  These  tracts  aoe  Van  Gehucht*ti.  "Ix*  N^vmxe," 

a,  157.  1901  .nd  Mftrnaliv.  "Brain,"  1909,  237.  and  Bmoe,  lor.  cil. 

tScfaafcr ■lurt*.  "Journal  of   Phyaiolog)/'   1907  ("Proc.  Physiol. 

SoeJ'). 

i  Blng,  **  Arehiv  ftir  Pbysiologie/'  1906,  250;  alao  Uoraley  and  Macn&lty, 
toe  ad. 
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tions,  but  these  fibers  in  the  cerebellospinal  tract  end  in  the  cc 
bellum,  an  organ  which^  so  far  as  we  know,  gives  rise  to  no  a 
scions  sensations.    To  speak  of  them,  therefore,  as  muscle-sen 
fibers  may  be  somewhat  misleading,  and  it  may  be  better  to  folk 
the  plan  ofdesignating  them  as  the  non-sensory  afferent  fibe 
ari^g  froni^tissues  beneath  the_8kinj_8uch  J3_the- musnles,  tb 
tendons,    and__lhe.  .U^ments   round    the  joints.     The   superfi 
ciaT  anterolateral  fasciculus  has  been  the  subject  of  some  ex* 
perimental  study  from  the^  physiological  side,  but  the  results 
have  been  negative.       Clinically,  the  tract  may  be  involved 
in  pathological  or  traimiatic  ledions  of  the  lateral  fimiculi.     Cow- 
ers* gives  a  history  of  some  su(*  cases,  which  lead  him  to  be- 
lieve that  this  tract  constitutes J^  pathway  for  pain  impulses, 
and  this  view  or  the  view  that  it  concfucts  the  impulses  of  both  pain 
andtemperature  has  been  more  or  less  generally  accepted.     Entire 
confidence,  however,  cannot  be  placed  in  this  conclusion,  since  the 
lesions  in  question  were  not  strictly  confined  to  the  fasciculus 
in  question,  although  clinical  evidence  indicates  that  the  fibers 
conve3dng  impulses  of  pain  or  of  pain  and  temperature  lie  in  the 
ground  bundles  in  the  neighborhood  of  this  tract.    The  only  posi- 
tive indication  that  we  have  concerning  the  physiological  value  of 
this  specific  tract  of  fibers  is  given  by  their  histology  in  the  fact  that 
they  end,  for  the  most  partj  inJJbfi-cfiEebeUum-    The  cerebellum, 
we  know,  may  be  removed  indogs  and  monkeys  without  loM^rthe 
sensation  of  pain,  temperature^  or  touchy  ^and.^js  fact  speaks 
strongly  against  the  view  that  either  th^_cei:ebenQspiiiaLj)r_the 
superficial  anterolateral  fascicuTus^is  concerned  in  the  conduction  of 
these  cutaneous  sensations.     From  a  physiological  standpoint  we 
should  be  inclincci  to  believe  that  l>oth  of  these  tracts  conduct  non- 
sensory  afferent  impulses  from  the  tissues  l>ang  under  the  skin, 
particularly  from  the  muscles,  tendons,  and  joints.     It  would  seem, 
therefore,  that  all  the  long  ascending  tracts  in  the  posterior  and 
lateral  funiculi  of  the  cord  may  l>o  made  up  of  fibers  of  muscular 
sensibility,  using  this  term  in  a  wise  sense  to  include  the  deep 
sensibility  of  the  joints,  tendons,  and  muscles.    The  immense 
importance  of  muscular  control  in  the  maintenance  of  life  and  in 
defense  against  enemies  may  explain,  upon  the  doctrine  of  the 
struggle  for  existence,  why  the  long  paths  should  have  been  devel- 
oped first  in  connection  with  this  sense. 

The  Spinal  Paths  for  the  Cutaneous  Senses  (Touchy  Paint 
and  Temperature). — From  the  facts  stated  in  the  last  two  para- 
graphs it  would  seem  probable  that  the  spinal  paths  for  touch, 
pain,  and  tempt^ratun*  nmst  be  along  the  short  association 
tracts  of  the  proper  fascicuU  of  the  lateral  and  anterior  funiculi. 
There  is  evidence  from  the  clinical  side  that  the  paths  of  con- 
*  Cowers,  "Lancet,"  1886. 
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.dKtioD  for  these  seases  are  separate.  In  the  pathological 
lilicm  known  as  syringomyelia,  cavities  are  formed  in  the 
Iford  affecting  chiefly  the  central  gray  matter  and  the  contiguous 
jpurtionft  of  ihe  white.  In  these  causes  a  frequent  symptom  is 
tliu4  ii  km^wn  as  the  dissociitlion  of  sensations;  the  patient 
Ftoan.  b  certain  regions,  the  sensations  of  pain  and  temperature 
(uAl^vsiji  and  thermo-anesthesia),  but  preserves  that  of  pressure 
I  (loucbl.  Facte  of  this  kind  indicate  that  the  paths  of  ronduc- 
['tionfor  touch  are  separate  from  those  for  pain  and  temperature, 
llittle  that  is  positive  is  known  regarding  tlie  exact  location  of 
I  paths.  The  fibers  of  pain  and  temperature  probabi}''  end 
b  tlic  jray  matter  of  the  cord  (posterior  column)  soon  after  their 
faritrtnrc.  and  the  patli  is  continued  upward  by  tract  cells  whose 
enter  the  proper  fasciculi  in  the  anterolateral  funiruh,* 
bittlirnumber  of  such  neurons  concerned  in  the  conduction  as  far 
■  the  medulla  is  not  known.  Regarding  the  path  for  tlie  touch 
a  singular  amount  of  uncertainty  has  prevaileri.  This 
'  b  Dot  lofit  or,  at  least,  is  rarely  lost  in  cases  of  syringomyelia 
wUeh  the  other  cutaneous  senses  are  afifected.  On  the  other 
the  posterior  funiculi,  as  we  have  seen^  may  be  completely 
ftfftianed  in  lower  animals  without  destroying  the  s**nsr  of  touch 
a&d  in  the  ease  of  man  extensive  pathological  lesioas  of  the  same 
Amicoli  are  report<il  in  which  the  sense  of  touch  was  not  lost. 
Some  author^,  thorrftir"  hp^^^-  '"*■""  '^^^  *^\  bf'li^'V'^  th^t  ih^  i^^^(-h 
may  be  convevo(l  up  the  c^nrd  by  several  paths:  by  the 


long  aaworiation  fibers  of  the  postorior  funiculi,  a^ui  by  the  short 
jgoqation  hlnrs  of  the  lateral  funiculi.  Such  a  view  receives 
Utile  support  fnjm  the  exjH*rimcnt-iil  work  on  the  lower  mammals. 
Ifi  thesT'  animals  the  evidence  tends  to  show  that  the  conduction 
is  by  way  of  tho  lateral  or  anterolateral  funiculi,  by  means  of  tract 
oells  ami  short  association  tracts.  The  fact  that  in  man  the 
liinipal  evidence  aeems  to  ix)int  to  the  posterior  funiculi  as  a  po&- 
■ble  or,  indee<l,  probable  path  for  these  filers  may  serve  to  ex- 
flnplify  the  fact  that  in  these  matters  the  various  mammalia 
c&ffer  more  or  less  according  to  the  degree  of  their  development. 
It  seems  pomble  that,  so  far  as  man  is  concerned,  an  explanation 
of  the  diflference  of  opinion  regarding  the  spinal  paths  of  the  sense 
of  touch  is  found  in  the  distinction  made  by  Head  and  Thompson  f 
between  ta^lilg  ^^*|eriminatinn  and  cutaneous  gfnsihility  W  tnnrhu 
By  the  former  is  meant  the  ability  to  discriminate  between  two 
uli  applied  simultaneously  to  the  skin  at  a  certain  distance 
by  the  latter,  the  ability  to  p4»rceive  and  locate  accurately 
a  fi|cbt  prrffiure  stimulus  applied  to  the  skin.     These  two  forms  of 

•  For  di>-  -'*  Bortholet.  "Le  NVvmxc."  1906.  vii.,  283,  for  the 

Ui'-  aid  ThompeoD,  "Brain,"  I1K)0,  p.  637,  and  Thompson, 

liM'v',  i-'i  titan. 

t  B«w]«ndTbampaon,  "Brain."  1906;  JklaoSAUnders,  "Brain,"  36. 166, 1013. 
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cutaneous  touch  sensations  are  mediated  according  to  these  authore 
by  separate  syateins  of  fibers.  As  the  result  of  a  spinal  l<]teiou  the 
po^er  of  discrimination  n>av  he  lost  ov^r  a  given  area  of  skia 
whicll  f>*fiArtLHi;:/v  iu  nnmpletely  sensitive  f.n  all  nutaneogs  sfiiniih. 
They  find  that  tlie  fibers  of  tactile  diseriinination  travel  up  the 

cord   Ulicn>sse<l    '\\\   tbe^pusterinr  ft^^jj^'nli,    tnp-Plhpr  aHth    th^   Hhpra , 

of  muscle  sense — that  is,  the  fibers  which  give  us  a  sense  of  posi- 
tion and  movement  of  the  limbs.  The  fibers  nf  eijtfinpf>ys  ^neh 
sensations  in  general ,  on  the  contrary,  cross  to  the  other  side  be- 
fore reacliine  the  medulla,  and  pass  upward  in  the  anterolateral 
groundUliundl  es . 

Homolateral  and  Contralateral  Conduction  of  the  Cutaneous 
Impulses. — CJreat  interest^  from  the  medical  side,  has  been  sho\ni 
in  the  question  of  the  crossed  or  uncrossed  conduction  of  the 
cutaneous  impulses  in  the  cord.  The  matter  is  naturally  one 
of  importance  in  diagnosis.  In  human  beings  it  was  pointed 
out  by  Brown-Scquard*  that  unilateral  lesions  of  the  cord  are 
followed  b^'  muscular  paralysis  below  on  the  same  side,  and  loasi 
of  cutaneous  sensibility  on  the  opposite  side.  This  syndrome 
has  been  held  clinically  to  establish  the  diagnosis  of  a  unilateral 
lesion,  and  has  led  to  the  view  that,  while  the  conduction  of 
motor  impulses  in  the  cord  is  homolateral,  that  of  the  cutaneous 
sensory  impulses  is  contralaterab  Experimental  work  on  lower 
animals,  on  the  contrary,  has  not  supporttnl  this  view.  Wliile 
results  in  this  direction  have  varied,  as  would  be  expected  frtun 
the  intrinsic  difficulties  coimected  with  the  interpretation  of 
the  sensations  of  an  animal,  the  general  outcome  has  l)oon  to 
show  that  the  sensory  conduction  is  bilateral,  but  mainly  oQ 
the  same  side.  That  is,  if  the  cord  is  cut  on  one  side  only  {hemi- 
sected)  in  the  thoracic  refflon,  the  cutaneous  sensibility  of  tiie  parta 
below  the  lesion  is  unpaireti  urnin  The  san^e  si^te,  hut  not  com* 
pletol>^  abolisiied,  showing  that  some  iim^isinfr  haft  t"^''^"nTa^''  t 
In  fact>  it  is  stated  that  pain  sensations  in  tlie  lower  animals  are 
not  a!>otishcd  by  a  double  hemisection,  J  that  is  to  say,  by  a  hemi- 
section  l:>elovv,  in  the  thoracic  cord  for  example,  on  one  side,  and  ft- 
hemisection  above,  cervical  cord,  on  (he  other  side.  That  the 
pain  impulses  Kf't  through  to  the  brain  under  this  condition  would 
seem  Uy  imply  that  they  are  conveye<l  either  ditTusely  through  tlie 
central  gray  matter,  or  that  they  cross  a  number  of  times  from  ond 
side  to  the  other  In  man  tlie  evidence  from  the  clinical  sdde,  afl 
far  as  it  g<->es,  indicates  that  the  paths  for  touch,  pain,  and  tempera- 
ture are  more  sj>ecialized  than  in  the  lower  mammals,  so  that  t 
results  obtained  from  experiments  upon  the  latter  must  Ix*  u 

•  Brown-S6quar(l,  ''Journal  dc  PhvBiologie,"  6.  124,  232,  581,  1863. 
t  Mott.  "Brain."  1893.  1,  and  Btrtholct,  "Le  N^vraxc,"  1906,  vii.,  383. 
t  Karplua  and  KrouW,  **Pfliigt'r'.s  Arcliiv."  158,  275,  1914. 


fl^  TV« — DiMrun  of  tb*  affor«ai n«rv»-6ben  and  their  oourae  ia  the  •pixuU  oord:  a,  Speelflo 

~  r  kr  paiahil  impubM;  6.  qweifia  rweplor  for  beftt  impulMa;  c*  ««eifio  receptor  for  eold 

■;  A  ipvoifio  FMSptov  ffo«  taotUe  UDpulaea;  e,  specific  nceptot  for  InpulMe  of  puiivtt 

i  tad  tactOe  dHeriminAtioii;  /,  apccifio  receptor  for  DOD-eenitory  Affereot  impuuea;  1, 

"bo*  of  the  ••OQod  order  for  p*ut,  b««t,  mod  eold;  2,  acnaory  fiben  of  the  weoiwl  oniar 

;  t,  ■— <o»y  tt>cra  o(  tbe  MooDd  order  for  paanTe  poatioD  and  UoUle  dieertmioation: 

C  t—g  Wufn  (■Bcrut  J)  in  the  poaterior  oolumo  of  the  rord ;  ft,  HpinooerebeUar  traoU  (IftCeru 

affervot  impuljee  (rrom  Tbompeon.  aUsbtly  modified). 


UBtil  after  tliev  reach  the  medulla.  These  authors  in  studying  the 
Mflgury  paths  in  the  spinal  cord  make  a  distinction,  in  the  first  place, 
beftireen  cutanei^us  sensibility  and  <leep  sensibility.  By  the  latter 
term  they  di^sijcnate  the  st*nse«  of  pressure,  of  pain,  and  of  position 
fcndent  in  ihe  muscles,  tendons,  und  other  parts  beneath  the  skin, 
CatAD^oua  aensibility  they  diviiie  further  into  epicritie  sensibility 
12 
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(touch,  cold,  heat)  and  protopathic  sensibility  (cold,  heat,  \ 
see  p.  278.  The  fibers  of  these  three  general  varieties  are  r^n 
in  the  cord  in  such  a  way  that  the  epicritic  and  protop 
temperature  fibers  are  brought  together  into  a  common  t 
which  is  contralateral;  the  deep  and  cutaneous  pain  fibers 
likewise  united  into  a  common  tract,  which  is  contralateral, 
cutaneous  pressure  fibers,  except  those  mediating  tactile  disci 
ination,  unite  with  the  deep  pressure  fibers  to  form  a  conmion  tr 
which  crosses  the  mid-line  less  promptly.    This  conception 
indicated  in  the  accompanying   sohema  (Fig.  79).    Accordi 
to  their    interpretation,  a   complete    unilateral    lesion    of  tl 

cord  in  the  cervical  region  woul 
be  followed  by  a  homolaten 
loss  of  motion  in  the  parts  below 
and  also  of  tactile  discrimination 
and  muscle  sense,  using  the  latter 
term  to  cover  the  deep  sensibility  in 
regard  to  position  and  movements 
of  the  limbs.  On  the  contralateral 
side  there  would  be  a  loss  of  pmn, 
temperature,  and  pressure. 

The  Descending  (Efferent  or 
Motor)  Paths  in  the  Antero-lateral 
Funiculi. — The  main  descending 
path  in  the  cord  is  the  pyramidal 
or  cerebrospinal  system  of  fibers. 
In  man,  as  shown  in  Fig.  75,  there 
are  two  fasciculi  belonging  to  this 
system — the  anterior  and  the  lat- 
eral pyramidal  tracts.  Both  tracts 
arise  from  the  anterior  pyramids  on 
the  ventral  face  of  the  medulla, 
whence  the  name  of  the  pyramidal 
system.  At  the  junction  of  the 
medulla  and  cord  the  fibers  of  the 
pyramids  decussate  in  part,  form- 
ing a  conspicuous  feature  of  the 
internal  structure  at  this  point, 
known  as  the  pyramidal  decussa- 
tion. According  to  the  general 
schema  of  this  decussation  (see  Fig. 
80),  the  larger  number  of  the  fibers 
in  the  pyramid  of  one  side  pass 
over  to  form  the  lateral  pyramidal 
fasciciilus  of  the  other  side  of  the  cord  (4,  5),  while  a  sznaller  part 
(3)  continues  down  on  the  same  side  to  form  the  anterior  pyra- 


Fig.  80.— SrliPiim  reprvMentina 
the  course  of  the  filKTs  of  the  pyra- 
midal or  c4>r«*l>roi4i>inal  system:  1 , 
Kil>erH  to  the  nut^ei  of  tiie  cranial 
ner\'e;  2,  uiicnwsod  lilx'rs  to  the 
lateral  pyrariiittul  fasoifuhis;  3,  fil>em 
to  the  anterior  pyrnini<lal  fs'-ciriihw 
crofwinjc  in  tlie  cord;  4  aiul  5,  fibers 
that  CTfy^H  in  thn  pyranililnl  d<TU!«!«- 
tion  to  make  the  lateraU  jvvrami^lal 
bwciculua  of  ttie  oppuHito  skIc*. 
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Budfll  fsseimltis.     Eventually,  however,  these  latter  fibers  also 
cnwtbe  mid-line  in  the  anterior  white  commissure,  not,  however, 
ftU  ftt  ODcr,  a.*)  at  the  pyramidal  decussation,  but  some  at  the  level 
tfnAipinAl  nerve.     These  pyramidal  fibers  have  their  origin 
m  the  cortex   of   the  cerebral    hemisphere's   in  large   pyramidal 
nlb;nme  of  them  cross  the  mid-line  before  reaching  the  medulla 
fa)  finl  around  the  celb  of  origin  of  the  cranial  nerves,  but  the 
gPttter  number  continue  into  the  cord  and,  after  crossing  the  mid- 
fine  in  Ihe  pyramidal  decussation  or  in  the  anterior  white  com- 
manui',  terminate  around  the  motor  cells  of  the  anterior  columns 
wbkb  give  rise  to  the  motor  roots  of  the  spinal  nerves.    Both 
fnQcali,  the  lateral  and  the  anterior,  continue  throughout  the 
bogtli  of  the  cord,  diminishing  in  area  on  the  way  as  some  of  their 
fiNntcrminate  in  each  segment.   This  system  of  fibers  is  supposed 
to  npnsmt  the  mechanism  for  effecting  voluntary  movements, 
aad  MTording  to  the  general  schema  the  voluntary  motor  path 
from  cfTPbrum  to  muscle  comprises  two   neurons, — the  pyra- 
midal or  cerebrospinal   neuron   and    the   spinid    or  the    cranial 
wflron.    Moreover,  as  repres<»nted  in  the  schema,  the  innerva- 
tion 191  crosMHi,  the  right  side  of  the  brain  controlling  the  mus- 
niJaturo  of  the  left  si<ie  of  the  body  and  ince  versa.     As  we  shall 
«t.  however,  when  we  come  to  study  the  motor  areas  of  the 
iim,  this  rule   has  important   exceptions,   and    histologically 
Um  w  proof  that  some  of  the  fibers  in  each  pyramid  (2  in 
Fg;.  80).  continue  into  and  terminate  in  the  cord  on  the  same 
ade.     The  pyramidal  sj'stem  varies,  among  the  different  verte- 
tntes.  in  an  interesting  way,  in  the  extent  of  its  development  and 
IB  h»  lorntion  in  the  cord.*     It  reachi-Ji.  its  highest  devctojHiient  in 
oao  and  the  ainthropoid  apes.     In  the  other  inammaliii  it  is  rcla- 
thrtly  !«*«  important  and  the  anterior  fasciculus  may  be  lacking 
ikofCFthcr.     In   thr   birds   what  represents  the  same  system  is 
found  in  the  anterior  funiculus  (Sandmeyer),  while  in  the  frog 
lb'  I  d*M*s  not  exist  ut  all. 

I  jtive  importance  of  the  system  in  the  different  mammalia 
h  iu'lu^ttil  in  tlie  accompanying  table,  taken  from  Lenhossek,t 
in  whkh  the  area  of  the  pyramidal  system  Is  given  in  percentage 
of  the  toUU  cros^^area  of  the  cord: 


^B  Uonm 

^m      On 

p 

■  Eviiiently 
I  vmhr*  in 


.   1.14  percent. 
.  3.0 

.  5.3  " 

.  7.76 
.11.87        '* 


Eviiienthr.   therefore,  the   importance  of  the  pyramidal   system 
vmhr*  in  different  animals,  and  it  is  necessary-  io  liear  this  fact 

*SJitip«xi.  "Quarterly  Journal  of  Exp.  Physiology,"  8.  79.  1914. 
t  Lmnoaek.  "Bau  Ues  Nerven0ystemfl/*  aetxind  edition,  1895. 
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in  mind  in  applying  the  results  of  experiments  on  the  lower  animals 
to  man.  In  thf*  kiwpst  vertebrates  there  nre  imdouhtedly  motor 
paths  between  the  hrain  and  cord  through  which  s^j-called  voluntary 
movements  are  effected,  Imt  these  are  probably  short  p)aths  in- 
volving a  number  of  neurons.  The  higher  the  position  of  the 
animal  in  the  phylo^'^netic  scale,  the  more  complete  is  the  develop- 
ment of  the  long  pyramidal  system;  but  even  in  the  higher  mam- 
mals it  is  prohal>le  that  motor  paths,  other  than  the  pyramidal 
system,  connect  the  rortex  and  subcortical  centers  with  the  motor 
nuclei  in  the  cord.  In  the  dog,  for  example,  section  of  the  pyramids: 
is  not  followed  by  complete  paralysis,  and,  indeed,  after  such  sections 
stimulation  of  tlie  motor  areas  of  the  cortex  still  causes  definite 
muscular  movements.*  One  sudi  indirect  motor  path  is  i-eferred 
to  below  in  connection  with  the  rubrospinal  tract  (Monakow's 
bunrile).  ,; 

Less  Well-Known  Tracts  in  the  Cord. — In  addition  to  thfti 
tracts  just  descrilieri  there  are  a  numlver  of  others — mainly,  dewendJ 
in^  tracts — concerning  which  our  anatomical  knowledge  is  lessi 
tontjilete,  and  the  physiulugieal  value  of  which  is  entirely  un-| 
known  or  at  best  is  a  matter  of  inference  from  the  anatomical 
relations-t  I 

Detifrndiiig  Tra-cts  in  the  Posterior  Fimiculns — Comma  Tract; 
Oval  Field. — In  the  posterior  funiculi  several  tracts  of  descending 
fibers  have  been  deseribeci.  The  comma  tract  of  Schultze  is 
found  in  the  cervical  and  the  upper  thoracic  cord.  The  bundle 
lies  at  the  bortler-line  between  the  fiu^ciculus  gracilis  and  tho 
fasciculus  euneatus.  In  the  lower  regions  of  the  cord,  lumhaT 
atiti  sacral,  similar  small  areas  of  descending  fibers  are  found — , 
oval  held  (Flechsig),  median  triangle  (Gondjauh  and  Philippe)—^ 
which  n*present  possibly  different  systems.  These  fibers  liuvc  been 
explaine<l  iis  descending  association  tracts  connecting  ilistant  partd^ 
of  the  gray  matter  of  the  <'ortl,  but  recent  work  J  indicates  that 
they  may  represent  simply  the  descending  limb  of  entering  poste-^ 
rior  root  fibers.  When  the  latter  enter  the  cord  they  divide  in  T,i 
one  branch  passing  upward,  the  other  downward  for  a  short  dis- 
tjmre.  On  this  interpretation  the  fibers  in  question  do  not  consti- 
tute a  descending  tract,  physiologically  speaking,  in  spite  of  their' 
descending  degeneration.  ' 

Descending  Tracts  in  the  Anierolniernl  Funiculus. — The  pre-! 
pjTamidal  tract,  known  also  as  M*makow's  bundle,  the  fasciculus 
intennediolateralis,   or  the    rubrospinal   tract,   is   a   conspicuous 

•Rothmann,  "Zoit^chrift  f.  klin.  Med.,"  vol.  xlviii..  1903;  SchiferJ 
"Quarterly  Journal  of  Exp.  Phy.■^i<*l^^o^"  ■'*.  ;<*'»''>.  1^10.  ' 

t  Collier  and  BuKzani,  **Hrain;"  1*.KM.  177;  Fni.scr.  '*Jourmil  of  Ph3'8i- 
olofcy,"  28,  3ti6,  1902.  For  >iumniurv  :uul  Uteraturc  consult  Van  GehuchtO^ 
"Anatomie  du  syst^mo  norvcux  *ie  rhomme.*'  -j 

X  "Brain,"  vol.  xxxvi.,  1913. 
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>bwOt  forming  a  wedge-slmi>ed  or  triangular  area  in  the  lateral 
r  'iriiri.i  l>ft\viH?n  the  laterul  pymniidal  fascieuhis  and  tlie 
tui<<rticial  aniorohitcral  fasciculus  (Gower's),  or,  perhaps,  more 
WTPrtJy  speaking,  forming  the  anterior  portion  of  the  lateral 
^H  pmmitlal  fasciculus;  the  two  systems  being  more  or  less  inter- 
^H  Bjiacitii.  Tlie  fibers  composing  this  bundle  are  descending 
^m  fibers  that  take  their  origin  in  the  midbrain  in  the  cells  of  the 
^  rM  nucleus.  Shortly  after  their  origin  they  cross  to  the  (»pposite 
sdf  and,  passing;  thn:>ugh  the  pons  and  meiiulla,  enter  the  spinal 
wjrd  m  \h^^  lateral  funicuiip  in  which  they  may  be  detected  as  far 
*»  tbciacral  region.  These  fibers  terminate  around  cells  lying  in 
\bt  pijKterior  part  of  the  anterior  column  of  gray  matter,  whose 
isrniR,  in  turn,  probably  emerge  through  tho  anterior  root«.  This 
tnrt,  therefore,  con^stitutes  a  crossed  motor  path  from  midbrain 
w  tLe  anterior  roots,  and,  since  the  red  nucleus,  in  tum^  is  con- 
nerU%{  with  the  cerebrum^  either  directly  or  by  way  of  the  cere- 
fijfjfp  li  n^prp«AT\t.«  a  cerebrospinal  motor  path  in  addition 
to  tW  oflFered  by  the  pyramidal  system. 

The  vestibuloHpinal  fibers  lie  anterior  to  the  preceding  tract 

in  the  Anterolateral  funiculus;  they  may  extend  into  the  anterior 

fuoicuhifl  at)  far  as  the  anterior  pyramidal  fasciculus.     It  is  state*! 

thai  tbcy  arise  in  cells  of  the  nucleus  of  Deiters  and  the  nucleus  of 

Bcrliicrew,  and"  similar  cells  lying  in  the  region  of  the  pons.     In 

tht  oord  these  fil>ers  end  around  cells  in  the  anterior  cohimn. 

Shice  the   Deiters  nucleus  fonns  a  termination  for  the  m^nsorv 

Shpm  of  the  vestibular  orancn  of  the  eighth  cranial  perve^  and  since 

thaw  fibers  are  believed  to  give  us  a  sen.se  of  the  p»>ition  of  the  body 

and  to  be  concerned  in  the  reflex  adjustment  of  the  muscles  in  the 

novcfnents  used  to   maintain   equilil>rium,   their  connection   in 

DeiiprK*  nucleus  with  a  si)imd  motor  path  l)ecomes  very  significant 

aa  fiimi^hiny  a  reflex  arc  through  which  senHor>^  impressions  from 

thr   NC^tittMbir  aiHtJcrAlus  jp   tho  n-tr  mfty   rtiit.rtmAtir.-dly ^cflUlrol 

the  musculature  *>f  the  body.     A  number  of  other  descending 

paths  in  the  anterif>r  and  lateral  funiculi  have  been  «lescribed, 

focb  as  Helweg's  bundle  or  the  olivospinal  tract,  lying  on  the 

margin  c»f  the  cord  at  tlio  junction  of  the  anterior  and  the  lateral 

funiculi  ami  supposed  to  ari.se  in  the  olivary  bodies;  the  anterior 

^nd   the  iat4*ral   reticulospinal   tracts  arising  from   celb  in  the 

reticular  formation  of  medulla,   p<ms,   and   midbrain;  and   the 

continuation  int^i  the  cord  of  the  important  medial  longitmlinal 

fasciculus  (post,  long,  bundle),  which  extends  from  the  mid[)ruin 

throo^h  to  the  cord  and  connects  the  motor  nuclei  of  the  criintal 

with  the  motor  centers  of  the  cord.     Concerning  tliese 

similar  tracts  our  physiological  knowledge  is  scanty,  and  it 

m  not  po*sible  at  present  to  employ  them  with  certainty  in 

explaining  the  activity  of  the  neuromuscular  apparatus. 


CHAPTER  IX. 

THE  GENERAL  PHYSIOLOGY  OF  THE  CEREBRUB 
AND  ITS  MOTOR  FUNCTIONS. 


From  the  time  of  Galen  in  the  second  centun^  of  the  Christian 
era  the  (■erei)nini  has  been  recopiixod  a,s  the  organ  of  intelligence 
and  conseious  sensations.  Galen  established  this  view  not  only  by 
anatomical  dissections^  confirming  the  older  work  of  the  Alexandrian 
school  (third  centun^  B.C.)  in  regard  to  the  origin  from  the  brain 
of  the  cranial  nerves,  but  also  by  numerous  vivisection  experiments 
upon  lower  animals.  All  modern  work  lias  confirmed  this  l>elief 
and  has  tended  to  show  that  in  the  cercl>ral  heniL^pheres  and,  indeed, 
in  the  cortex  of  gray  matter  lies  the  seat  of  consciousness. 
It  is  perhaps  still  an  open  fpiestion  as  to  the  existence  of  a 
conscious  or  psychical  factor  in  the  activities  of  other  jjarts  of  the 
nen^ous  system,  hut  there  is  no  iloubt  that  the  hii^hest  develQP' 
ment  of  psychical  acti\nty  m  man  is  associatetj  with  the  ct>rtical  mat- 
ter of  the  c^'^yl;nl'^r^  In  the  young  infant  the  da^\ni  oTTTsTTlental 
powers  is  connected  with  and  dcjjendcnt  on  the  development  of  the 
normal  cortical  structure,  while  in  extreme  age  the  faihire  in  the 
mental  faculties  goes  hand  iu  hand  with  an  atrophy  of  the  elements 
of  the  cort^^x.  If  this  cortex  were  removal  all  the  intelligence,  sen- 
sation, and  thought  that  we  recognize  as  chamctcrizing  the  highest 
psychical  life  of  man  would  be  destroyeil,  and  ahnonnalities  in  the 
structure  of  this  C(*r1ira!  material  are  acceptcfJ  as  the  probable 
causiil  factor  oi  those  pc^rversions  in  reasoning  and  in  character 
which  are  exhibitctl  by  the  insiine  or  the  degenerate.  The  cortical 
gray  niattcr,  thcivforc,  is  the  chief  organ  of  the  psychical  life,  the 
tissue  through  whose  activity  the  object  iyejhnngip  in  the  p;;  tern  a  I 
world,  so  iar  as  t"Hev  affect  ""^  sonsp  prrnns,  uro  converted  into 
the  8ul>jective  changes  of  consciousm^Hft;-  -The  nature  of  this  reac- 
tion  constitutes  the  most  difficult  problem  of  pliysiolugy  and  psy- 
chology, a  problem  which  f>erhaps  is  lieyond  the  fK)Ssibility 
of  a  satisfactor>'  scientific  explanation.  For  it  is  held  that 
the  methotis  of  science  are  applicable  only  to  the  investiga- 
tion (»f  the  objective — that  is,  the  physical  and  chemical — changes 
within  the  nervous  matter,  while  the  psychical  reaction  is  of  a 
nature  that  cannot  be  approai'hcd  through  the  concepti<ms  or 
methods  of  physical  science.  In  other  wttnts,  thereisaphysicochem- 
ical  mechanism  in  the  brain  matter  which  is  capable  of  giving  usTi 
1752  — 
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rexiioD  in  consciousness.  The  methods  of  physiology  are  adapted 
to  the  iavestigation  of  the  nature  of  this  mechanism;  but  the  reac- 
Hoa  ia  consciousness  deals  with  a  something  which  so  far  as  we 
bow  it  not  matter  or  energj*,  and  which,  therefore,  is  not  within 
the  Jcope  of  physiolojrical  or,  indeed,  srientific  explanation.  In 
whit  follo>A"8,  thertifure,  attention  is  called  only  to  tiic  mechanical 
side,— the  facts  that  have  been  discovered  regarding  the  anatomical 
fltnieture  and  the  phy»cal  and  chemical  properties  of  the  nervous 
tteofcanism. 

The  Histology   of   the   Cortex. —The   finer  structure  of  the 

dJAtrent  regions  of  the  cortex  has  been  the  subject  of  much  investi- 

^•OQ.  but  in  this  connection  it  is  only  necessary  to  recall  the 

eieneotAry  facta  so  far  as  they  are  useful  in  physiological  e^plana- 

tioBS.     Leaving  aside  differences  in  the  shape  and  stratification 

of  (be  cells,  it  is  an  interesting  fact  that  the  cortex  everywhere 

kM  m  flimilar  structure.     It  consists  of  four  or  five  layers  more  or 

kM  dearly  distinguishable  (see  Fig.  81). 

1.  The  superficial,  plexiform,  or  molecular  layer,  lying  iinme- 

cBately  beneath  the  pia  mator,  and  having  a  thickness  of  about 

Ol25  mm.     In  this  layer,  in  addition  to  the  supporting  neuroglia, 

there  are  found  a  number  of  very  small  nerve  cells  of  several  tyjjes 

lying  with  their  processes  parallel  to  the  surface  of  the  brain.    The 

SBom  and  dendrites  of  these  small  cells  tenniiuitc  within  the  layer, 

^JD  that  they  take  no  direct  part  in  the  formation  of  the  white 

^^■ttt4T  of  the  brain,  but  have,  probably,  a  distributive  or  as.socia- 

^^H^  function.     In  this  layer,  also,  end  many  of  the  dendrites  of  the 

^^Bgp!r  nerve  cells  of  the  deeper  layers  and  the  terminal  arboriza- 

^^^^  of  entering  nerve  fi^)ers  (axons)  from  other  regioi^s. 

^»  2,  The  layer  of  pyramidal  cells.     Tliis  layer  is  characterized 

the  presence  of  numerous  pyrami<lal  cells  (see  D,  Fig,  84), 

in  general  increase  in  size  in  ]>assing  from  the  upper  to  the 

strata.     The  apices  of  these  cells  are  directetl  toward  the 

external  surface.     The  dendrites  from  the  apical  process  terminate 

in  the  molecular  layer,  while  the  axon  arising  from  the  basal  side 

of  the  cell  passes  inwardly  to  constitute*  one  of  the  nerve  fibers  of 

the  medullar^'  portion  of  the  cerebrum.     This  thick  lamina  of 

odb  k  sometimes  sul>divided  into  three  layers  of  small,  miHJium, 

and  Urge  p>Tamiflal  cells. 

3.  The  granular  or  stellate  layer  composed  of  many  small  cells, 
rnnof  of  which  are  pyrami<Jal  and  some  stellate  in  form,  with  short 
branching  axons.    These  latter  belong  to  Golgi's  second  type  of 

4-  The  deep  pyrarnirlal  layer  or  layer  of  large  or  medium-sized 
pjrramidal  ceils,  similar  in  form  to  those  in  layer  two,  and  the  axons 
of  which  paaa  into  the  medulla  or  white  matter  of  the  cerebrum 
as  nerve  fibers. 
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5.  The  layer  of  fusiform  or  polymor- 
phic nerve  cells,    A  layer  of  cells  whose 

I  form  is  more  irregular  than  that  of  th^ 
pyramidal  cells,  but  whose  axons  abc^ 
pass  into  the  medullary  portion  of  th^ 
cerebrum,  while  their  dendrites  strctclfc 
externally  into  the  layers  of  pyramidal 
cells.    In  this  layer  arc  found  also  some 
cells  belon|a;ing  to   the  second  t}T)e  of 
Golgi  (Martinotti  cells). 

The  medulla  of  the  cerebrum.    The 
white  matter  of^the  cerebrum  begins 
immediately  below  the  last-named  layer, 
and  consist-s  (1)  of  nerve  fibers  which 
originate  from  the  pyramidajj^d  poly- 
morphic cells  immediately  _exterior  To  it, 
and  which  carry  outgoing  impuls^  from 
that  pari  of  the  cortex,  and  (2)  -of  fibers 
arising  elsewhere  in  the  cortex  or  nTthe 
loweFpoHions  oTthe  ISraiii,  wblfihjtermi' 
"""^  ^    cortex  and  carry  the  incoming 
impulses  whichlire  afferent  aS 
that  part  of  the  cortex.    The 
this  white  matter  may  be  clasffl- 
fied  under  three  heads:  First,  the  projeo' 
tioii  system  (A,  B,  C,  D,  and  ^of  V\g,  82), 
comprising   those    fibers,   afferent   and 
efferent,  which  connect  the  cortex  with 
underlying  parts  of  the  central  nervous 
s>;stonij — ^the  spinal  cord,  medulla^  pons, 

5  midbrain,  or  thalamus:  This  great  pro- 
jection system  emerges,  for  the  most 
part,  through  the  internal  capsule  and 
the  pe<hm('les  of  the  cerebrum.  Si>COTd, 
the  association  systetn^  Certain  parts 
of  the  cortex  are  seemingly  lacking  in  a 
projection  system;  the  filwrs  arising  from 
these  parts  do  not  enter  the  capsule  to 
make  <*onnoction  with  the  motor  and  sen- 
sory- i)aths  below,  but  pass  to  other 
parts  of  the  cortex,  forming  a  part  of  the 
system  of  association  fibers.     Ti 


Fiff.  81. — Section  thnuiich  the  cortex  of  the  third  frontal  convolution  (Broca*B  convolo* 
tion)  to  nhow  the  HtratifimtioD  of  the  nerve  rellfi:  1.  The  plexiform  or  molerular  layer;  2l 
the  r>uter  layer  of  pyramidAl  ciAln;  3,  the  fcranulur  layer;  4,  the  deep  or  inner  pyramidal 
layer;  5,  the' fusiform   or  polymorphic  layer  (from  a  camera  lucida  drawins  by  Mdlus). 


chema  of  the  projeftit>n  fib«n»  of  the  cerebrum  And  of  the  pediindes  of  tb6 
Arrml  view  of  tliv  intenial  rAp«>u]e :  A^  Tract  fn>iii  ilii?  rmnlal  iQrn  to  the  pona 
o  to  ibc  cerebellum  (fnniiul  cerebrtHCortictJ-pontal  tract);  3,  ihe  motor 
^yilBu*IU>  tnn  ;  <.',  the  wensory  (leiiintM-UK)  tmrt ;  D,  ihc  visual  tract  ;  £,',  x\w  audliury 
&•«./'.  xht  hbeni  of  ihe  superior  peduncle  uf  thecerelM-llwm  ;  tJ,  Uhtrnuf  the  middle  peduu- 
^■«BUnc«ii)j  A  in  the  pon»;  //,  hber»  of  Ihe  infrriiir  pedunclt^  of  the  cerelwllmn  ;  J^  fibprs 
M*«n  liie ftudLitor>'  nucleuti  and  thp  ioferior  rolHculu.-* ;  A\  motor  cpynuiiidalJ  decus.sation 
ntfebttlb;   Vt,  fourth  ventncle.     The  nuioerub  refer  to  Liie  cmnml  Dpr\'CA.— (Modified 


^  Rc  8L— lAtofsl  view  of  a  human  hemisplierp, 
^»  'Aiff) :  A.  A.  Between  adjacent  k> ri  ;  A.  bet' 
y*^  frtwitti   and   !em|M)ral  area.-*,   cinirilum  :   />. 


rp.  ehowinff  the  btuidle^  of  aiiBaciation 

between  fronlal  and  nccipilal  areofi ;  C, 

/>.  between  fmntal  and  temporal  areas, 

unrmatu*  ;    fC.  between   orcipitnl  nnd  tpnipiiral  area-i,   fa-^ciculus  lonffitudinalifl 

f  -V,  caudate  nucleus  ;  O.T,  thalamuH, 

tmrn-^Y  *"^  ^i'-fi'l^'^l  ns  rmnnrisJTig  those  filmrM  wW\nh  rm>nof>t  nuA 

P«no(tbe  cortex  ^ith  another  (Fig.  8Z).     There  are  short  associ- 
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ation  tracts  (A,  A)  connecting  neighboring  convolutions  and  Ions 
tracts  passing  from  one  lobe  to  another.    Third,  the  cammis»wral 
system,  consisting  of  association  fibers  that  cross  the  mid-line  mA  ^ 
connect  portions  of  one  cerebral  hemisphere  with  the  cortex  of  ^g 

ofEer^  These  fibers  make  up  the  commissiiral  bands,  known  in. 
gross  anatomy  as  the  corpus  callosimi,  anterior  white  commissure^ 
fornix,  etc. 

Physiological  Deductions  from  the  Histology  of  the  Cortex. 

— CajfiJ*  especially  lays  stress  upon  some  anatomical  features  which 
seem  to  justify  certain  generalizations  of  a  physiological  nature.  In 
the  first  place,  every  part  of  the  cortex  receives  incoming  impulses 
and  gives  rise  to  outgoing  impulses.  Every  part  of  the  cortex  is, 
therefore,  both  a  termination  of  some  afferent  path  and_thejegin« 
ning  of  some  efferent  path;  it  is,  in  other  words^a  reflex  arc  of 
a  greater  or  less  degree  ^complexity.  We  may  suppose^Hiat 
every  efferent  discharge  from  any  part  of  the  cortex  is  occasioned 
by  afferent  impressions  reaching  that  point  from  some  other  part 
of  the  nervous  system.  Whether  or  not  there  is  such  a  thing  as 
absolutely  spontaneous  mental  activity  cannot  be  determined  by 
physiology,  but  on  the  anatomical  side  at  least  all  the  structures 
exhibit  connections  that  fit  them  for  reflex  stimulation,  and  many 
of  our  apparently  spontaneous  acts  must  be  of  this  character. 
Secondly,  all  parts  of  the  cortex  exhibit  an  essentially  similar 
structure.  Modem  physiology  has  taught  that  different  parts 
of  the  cerebrum  have  different  functions,  but  the  differentiation 
in  structure  which  usually  accompanies  a  specialization  in  func- 
tion is  not  at  first  very  evident.  Definite  differences  in  the 
thickness  of  the  layers,  in  the  size  or  shape  of  the  cells,  or  in  the 
character  of  the  fibrillation,  have  been  pointed  out  (see  p.  229),  but 
it  is  perhaps  something  of  a  disappointment  to  find  so  little  of  an 
anatomical  distinction  between  structures  whose  reaction  in  con- 
sciousness may  be  separated  so  widely.  Numerous  special  studies 
made  upon  the  lamination  of  different  parts  of  the  human  cortex 
(see  p.  229),  and  comparative  ol>servations  upon  the  cerebral  cor- 
tex in  different  vertebrates,  have  served  to  give  an  anatomical 
foundation  for  various  interesting  sj^eculations  which  subsequent 
work  may  or  may  not  confirm,  f  It  is  j>ointeil  out  that  if  we  omit 
the  outer  or  molecular  layer  the  other  cells  of  the  cortex  fall  into 
three  groups,  namely,  the  granular  layer  (3  in  Fig.  81),  the  supra- 
granular  layer  (2),  comprising  the  pyramidal  cells  external  to  the 

*  Cujiil,  '*I><'s  n<)uv('Il(^  idil-os  sur  la  structure  du  svst^me  nerveux,  etc.," 
Paris,  1H94. 

t  For  a  Kununary  of  these  views  consult  Bolton,  "Brain,"  1910  and  1912, 
or  ''Further  Advances  in  Physiology,"  Hill,  I^ondon  and  New  York,  1909; 
Van  Valkenburg,  "Folia  neurbbiologica,"  1910,  4,  335. 
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(naoi&r  laj'er,  and  the  infragranular  layer  (4  and  5),  comprising 
I  tlie  pjrramidal  and  fusiform  cells  internal  to  the  granular  layer. 
Coopirison  of  the  cerebral  cortex  in  the  braias  of  the  difTereut 
wt<i)rat<«  indicates  that  the  supragranular  cells  have  appeared 
wiitiYely  latg  in  the  phylogeny  of  the  vpriphr.-ttp><^  ;inH  Ji^v*^ 
rmhfd  tjcir~yeate8t  development  in  thf^  hinnnp  limin  The 
fljflteiion  occurs,  tEerefore,  that  these  cells  have  a  different  func- 
liociiJ  agnificance  from  those  in  the  infragranular  layer.  It  has 
hm  supposed  that  the  supragranular  idLs  nieiliate  the  so-called 


Fift.  M.— .4-/>.  BbowinK  the  phyloffenetie  developm«nt  of  mature  nerve  celU  in  ft 
tm^m(%0hnim:  «-«,  Ibe  onloKvnctic  derelnprnent  of  growing  cells  io  a  typical  mam- 
lOCiIy  pyrunldftl  mU-^  from  tli«  cerebrum  are  shown);  A,  frog;  B,  litan.1; 
«•  DviuohUat  withnut  ilentlriteH;   6,  commencing  dendrite^;  r,  dendrites 
_  _1:  tf.  fine  appefti«noe  of  collAtenU  brmncbet;   e,  further  developmeut  of 
ilMdfit«&— inoa  SamAn  y  Cajai.) 


higher  psychical  procesnes,  which  characterize  man  and  the  related 
auuamaHa  as  corapariHl  mth  the  lower  vertebrates.  The  infra- 
gnunilar  cells,  on  the  otlur  hand,  constitute  a  primitive  layer  which 
has  obvious  connections,  thr()U^!;h  ])rojection  fibers,  with  the  under- 
lying partfi  of  the  brain  anil  of  the  body  at  large.  These  cells 
form,  therefore,  a  mechanism  through  which  the  brain  is  connected 
directly  i»ith  the  rest  of  the  Ixxly,  and  through  which  the  older 
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instinctive  reactions  are  controlled.  In  the  matter  of 
nation  and  distinct  variations  in  size  and  appearance  < 
strata  of  cells  and  fibers  the  human  cortex  shows  a  great 
ferentiation  than  in  the  lower  animals,  and  it  is  esp 
characterized  by  a  large  development  of  what  are  kno 
associational  areas  (p.  223),  particularly  in  the  frontal 
In  the  third  place,  the  central  ner\'^ous  system  througho 
vertebrates  is  constructed  upon  the  same  lines,  a  mechaa 
interconnecting  neurons.     There  is  a  vast  difference  in  th< 


v»iii  r 


!     '*       iV 


*j 


'  •  ■  .     J  '" 


I,-: ./  ■ 


^.su^'t  '-fir 


'.  *  *' 


•.  1^ 


1    ♦:*-■'  • 


9 


I: 


Fig.  R5.— Sections  thrtmsh  correspond ina  oftrt.H  of  the  cortex  in:  a.  Man 
and  Ct  mole,  to  hKow  the  ^roarer  He[)aration  of  tne  nerve  ceUn  in  the  higher  at 
(Hethe,  after  Niul.) 


tal  activity  of  a  frog  and  a  man,  but  the  cortex  of  the  cei 
shows  a  fundamental  similarity  in  structure  in  the  two 
In  addition  to  the  variations  in  stratification  or  lamination  r 
to  above  one  general  distinction  that  comparative  anatomy 
to  make  is  that  in  the  higher  animals  the  greater  mental  A 
ment  is  associated  with  a  greater  complexity  and  richness  in  t 
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!of  the  neurons.  As  shown  in  Figs.  84  and  85^  thn  nuniL>er  of 
^promMB,  particularly  the  dendritic  processes,  is  niut^h  p;reater  in 
'  the  cortical  cells  of  the  higher  animal.'^;  or,  to  put  this  fact  in  another 
¥>y,  the  gumber  of  cells  in  the  cortex  of  the  higher  animals  is  much 
laatofn  area  of  the  same  size  than  In  Tower  auiniaLs.  Tin^  amouiit 
'  rfSttiween  aubstance,  or  the  richness  of  t  tie  network  of  iirocesses 
kvSmaeSi  This  anatomical  fact  would  indicate  that  the  greater 
ttectal  activity  in  the  higher  animab  is  dependent,  in  part,  upon  the 
iSdrf  interconnection  of  the  nerve  cells,  or,  expressed  pliy:?ioiogic- 
illy.  OUT  mentajjirocesaes  are  characterized  by  their  more  nuiner- 
oasMid  complex^associatio^  A  visual  or  auditory  stimulus  that, 
ifilbf  frog,  for  instance,  may  call  forth  a  comparatively  simple 
Botor  response,  may  in  man,  on  account  of  the  numerous  associa- 
tiooiwith  the  memory  records  of  past  exj>eriences,  lead  to  psychi- 
ol  And  motor  resjxuise^  of  a  much  more  intricate  ami  indirect 
ftocter.  From  a  physiological  standpoint  these  responses  are 
rflbr  order  of  reflex  actioas.  They  must  he  investigated  and,  if 
pottibte,  explained  from  this  pjoint  of  view.  Tlir  [irohlt-in  is  iHfR- 
foHaari  complex.  The  methods  that  have  Ix^cn  rinf)loved  h>r  its 
■ifation  are  d€»srrihed  and  illustrat^nl  in  the  summary''  of  results 
pvtt  in  liie  following  pages,  l)Ut  it  is  obvious  that  new  methods  of 
•pprwwrh  are  much  needed.  One  such  attempt  that  is  now  Imng 
nuip  is  known  under  tlir  term  tif  "(•ontlitione<i  reflexes." 

Tke  Phenomenon  of  Conditioned  Reflexes. — The  usual  refiexcjs 
•^^ted  thnmgh  the  spinal  cord  and  the  lower  centers  of  the  brain 
Wuf  K  &xe<l  nature.     Light  thrown  on  the  retina  causes  always  a 
wawtriction  of  the  pupil;  a  touch  applied  t-o  the  romea  causes  a 
linking  movement;  acid  in  the  mouth  is  followed  by  a  st»cretion  of 
siJiva.    These    and    similar    reflexes    are    essentially    invariable 
r^£inps<'^  u^  appropriate  stimi^li.  and  the  mechanism  involve*!,  the 
ndtt  arr,  Li  an  inherited  structure  already  elaborated  for  use. 
fl^g^w  designates  gucji  acts  as  uriamdi tinned  rcHexe.s.     In  contnist 
(atbmi  he  describes  a  class  of  reflexes  obtained  through  the  cortex 
i/  the  ii'rebnmi  which  he  calls  conditioned  reflexea,  Ix'cause  they 
"*ML  ftli    eial)orated    under   ccrtam    conditions.     They   may    be 
hiougbt  into  exii^tence  by  a  process  of  trainmg  or  education,  and 
ItaySfe  subject  to  various  forms  of  inhibition,  internal  and  external. 
He  has  made  a  special  study  of  these  reflexes  in  connection  with 
the  aativary  glands.     If  a  certain  sensor>'  stimulus  is  given,  for 
■pie,  a  note  of  800  vibrations  per  second,  it  has  no  effect  on 
the  Bow  of  saliva.     But  if  repeatedly  the  salivary  gland  is  stimu- 
lated by  acid  or  f<MMl  simultaneously  with  the  sounding  of  the 
a  conditioned  reflex  will  be  establisheti,  and  the  note,  when 
ghreo  alone,  will  cau.se  a  flow  of  siUiva.     When  this  conditioned 
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reflex  is  first  established  it  may  be  obtained  also  with  neighboriDS 
tones,  but  with  training  the  reflex  becomes  more  and  more  spedal- 
ized,  so  that  finally  as  small  an  interval  as  one-eighth  of  a  tone 
may  be  differentiated — a  sound  of  800  vibrations  causes  a  flo^ 
of  saliva  while  a  sound  of  812  vibrations  is  ineffective.    The 
process  of  differentiation  is  explained  as  being  due  to  an  intenuJ 
inhibition^  as  shown  by  the  following  experiment.    If  a  tone  of  81? 
vibrations  is  sounded  no  saliva  is  obtained,  and  if  inmiediatdy" 
afterward  the  effective  tone,  800  vibrations,  is  sounded  no  effect 
follows.    Only  after  a  wait  of  fifteen  to  twenty  minutes  does  the 
tone  of  800  again  cause  a  flow  of  saliva.     He  argues  from  this  that 
the  tone  of  812  vibrations  is  accompanied  by  a  process  of  inhibi- 
tion, whose  effect  passes  off  only  after  some  minutes.     By  these 
objective  methods  Pawlow*  has  brought  to  light  some  interesting 
peculiarities  in  the  action  of  the  cortex,  and  has  established  a 
method  by  means  of  which  it  may  be  possible  to  study  the  nature 
apd  development  of  the  mechanisms  elaborated  in  the  plastic 
cortical  centers  by  education  and  experience  during  the  life  of  the 
individual. 

Extirpation  of  the  Cerebrum. — One  of  the  methods  used  in 
physiology  to  determine  the  general  functional  value  of  the  cerebral 
hemispheres  has  been  to  remove  them  completely',  by  surgical 
operation,  and  to  study  the  effect  upon  the  p)sychical  responses  of 
the  animal.  Upon  the  cold-blooded  animals  and  the  birds  the 
operation  may  be  performed  with  ease,  but  in  these  animals  the 
positive  results  are  not  striking  and  the  experiments  are  valuable 
chiefly  for  their  negative  results.  If  the  cerebral  hemispheres  are 
removed  from  the  frog,  for  example,  the  animal  after  recovering 
from  the  immediate  effects  of  the  operation — that  is.  the  effects 
of  the  anesthetic  and  the  shock— shows  surprisingly  little  difference 
from  the  normal  animal.  It  maintains  a  normal  posture  and  shows 
no  loss  at  all  in  its  power  of  equilibration.  When  placed  on  its 
back  it  quickly  regains  its  usual  position.  If  thrown  into  water 
it  swims  to  a  solid  support  and  crawls  out  like  a  normal  animal. 
It  jumps  when  stimulated  and  is  careful  to  avoid  obstacles  placed 
in  its  way,  showing  that  its  visual  reflexes  are  not  impaired.  It 
is  said,  however,  that  the  more  complicated  reactions  that  depend 
upon  the  momorv  of  imst  experiences  or  the  instinptj;  arp  absent  or 
imperfect.  This  latter  peculiarity  is  manifested  most  impressively 
in  Dirds  (jJigeons)  after  removal  of  a  part  or  all  of  the  cerebnim.  As 
a  result  of  such  an  oix?ration,  the  ner\ous,  active  animal  is  changed 
at  once  to  a  stupid,  lethargic  creature  which  reacts  only  when 

*  Pawlow.  "Li\Te  jubilairo  du  Professeur  Ch.  Richet,"  1912,  p.  325.    See 
also  Morgulis,  "The  Journal  of  Animal  Behavior,"  4,  362,  1914. 
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rtimiilated.  It  sits  in  a  drowsy  attitude,  \\ith  its  head  drav^-n  in 
to  the  shoulders,  its  eyes  closed,  and  its  feathers  slightly  erected; 
oecAsionally  it  vdW  open  its  eyes,  stretch  the  neck.  gaj>e,  preen 
il^frathcn?  perhaps,  and  then  sink  hack  into  its  somnolent  Jittitnde. 
The  animal  in  this  condition  maintains  its  equilibrium  perfectly, 
fli»  well  if  throwTi  into  the  air  and  perches  comfortably  upon  a 
narrow  support.  It  may  be  kept  alive  apparently  indefinitely  by 
appmprittte  feeding  and  so  long  as  it  is  well  fed  retains  its  stupiil 
ind  impassive  appearance.  If  allowed  to  starve  for  a  while  it 
twoineu  restless  from  the  effects  of  hunger,  may  walk  to  and  fro, 
Mid  peck  aimlessly  at  the  ground.  If  surrounded  by  /2:rain  it  may 
pffk  at  the  separate  p:rain8.  but  never  actually  s<nzes  one  in  its 
beak  and  swallows  it.  The  striking  defect  in  the.se  animals  is  the 
iott  of  those  responses  that  depend  up>Qn  memory  ol  past  HT  in- 
lyritg<l  experiences.  Its  motor  reactions  are  all  of  a  simple  kind. 
irpWd  upon  a  hot  plate  it  will,  for  a  time,  lift  first  one  Uw)i,  then 
the  other,  and  finally  squat,  but  never  flies  away.  When  dosinjj 
I  knid  noise  awakens  it,  but  it  exhibits  no  si^ns  of  fear,  and 
i^'iickly  ndapses  into  somnolence  when  the  auditory  stimulus  ceases. 
The  one  positive  conclusion  that  we  may  draw  from  the  l^ehavior 
ftf  iL^.-^^  nnimtil^  is  that  in_them  the  cerebrum  i?^  (ho  orgam  in 
he  memory  Ji-*^socijttif>ns  are  nnHliat<^d,  and  that  whrn  it 
•  d  the  actions  of  the  animal  beci:>nu'  nmc}i  more  direct 
;t;  ible.  since  the  stimulus  awakens  no  associations  with 

p.t.M  '-AjMTH'uees.  The  complete  removal  of  i  he  cerebrum  m  mam- 
loafc  15  iUtemled  with  more  fliflriculty.  When  taken  out  at  once 
W  a  single  operation,  iheanimiil  survives  but  a  sfiort  time  antl 
the  permanent  effects  of  the  operation  cannot  be  detecte<l.  Goltz,* 
hoTfver,  hiks  succeeded,  in  dogs,  in  removing  by  a  peculiar  opera- 
tion all  of  the  cerebral  cortex.  The  oi)eration  was  performed  in 
•venlsucct'ssive  stages  with  an  interval  of  several  months  between, 
k  till*  moKt  successful  experiment  the  animal  was  kept  alive  for 
iVTarand  a  half  and  the  postmortem  examination  showed  that 
ill  of  the  cortex  had  been  reni<ived  except  a  small  portion  of  the 
tip  of  the  t4MnporaI  lobe,  and  this  latter,  since  its  connection  with 
Ibe  other  jiart^  of  the  brain  had  l)een  destroyed,  was,  of  course, 
f«nninnless.  In  addition,  a  large  part  of  the  corpora  striata  and 
til*  thalami  and  a  small  portion  of  the  midbrain  had  been  re- 
moved. The  behavior  of  this  animal  was  studied  carefully.  After 
^itmnecliatc  effects  of  the  ojxjration — paralysis,  etc. — had  disap- 
pewed  ihe  animal  moved  easily ;  in  fact,  showed  a  tendency  to  keep 
*<mng  continually.  There  was  no  j^rrmmeat  paralvsis  of  the  so- 
qllgd  voluntary  movements.     He  answered  to  sensory  stimuU  of 

•GolU.    'Archiv  f.  die  geaaminte  Physiologic,"  51,  570,  1892. 
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various  kinds,  but  not  in  an  intelligent  way.    If,  for  instance, 
painful  stimulus  was  applied  to  the  skin,  he  would  growl  or  baxk^ 
and  turn  his  head  toward  the  place  stimulated;  but  did  not  attempt 
to  bite.    No  caressing  could  arouse  signs  of  pleasure,  and  n<^ 
threatening  signs  of  fear  or  anger.    Like  the  pigeon,  the  most  coa^- 
spicuoxis  defect  in  the  animal  was  a  lacK  of  mtelHgent  faaponae^ — — ' 
that  IS.  the  responses  to  sensory  stimuh  were  sunpler'and^fevidflntljr" 
did  Tint,  jpvnlvft  pnmplpv  Aftf^f'jfttinna  with  past  experienc^    H3r 
memory  records,  for  the  most  part,  had  been  destroyed.    GdU 
records  that  when  starved  he  showed  signs  of  hunger,  and  that 
eventually  he  learned  to  feed  himself  when  his  nose  was  brought 
into  contact  with  the  food,  although  he  was  not  able  to  recognise 
f<K)d  placed  near  him.    He  would  reject  food  with  a  disagreeable 
taste.    When  sleeping  he  gave  no  signs  of  dreaming,  differing  in 
this  ros^Kct  from  normal  dogs.    On  human  beings  observations  of 
a  similar  character  have  been  made  on  children  bom  without  the 
bniin.     In  one  interesting  case*  of  this  kind,  in  which  autopsy  re- 
vcalp<l  a  total  destruction  of  the  cerebral  hemispheres,  the  child 
livoil  for  nearly  four  years.    During  that  time  no  signs  of  intelli- 
gonw  could  l>e  detect«l.    The  child  never  showed  any  recogni- 
tion of  its  mother  and  lay  for  the  most  part  in  a  sonmolent  condi- 
tion without  movement,  the  anus  and  legs  showing  also  a  condition 
of  contracture.    No  cutaneous  or  general  sensibility  could  be 
dotenniniHi. 

Localization  of  Functions  in  the  Cerebrum. — When  the 
belief  was  i^tablished  that  the  cerebrum  is  the  organ  of  the  higher 
peychical  activities  there  arose  naturaUy  the  question  whether  dif- 
foivnt  |>arts  of  the  ctirtox  liave  different  functions  corresponding 
to  the  various  faculties  of  the  mind,  or  whether  the  cerebrum  is 
functionally  ot^uivalont  thivtughout.  in  the  same  sense,  for  instance, 
as  tho  livor.  This  question  of  the  kxralization  of  fimctions  in  the 
brain  i,ivi\4>nnn'^  ha^!  Ixvn  much  debated,  but  the  most  interesting 
ami  hnjxmaut  discussions  npou  the  subject  belong  to  the  nine- 
tivnlh  ivntur\\  Alx^ut  the  Ivirinning  of  the  centun'  Franz  Joseph 
Gall,  at  that  time  a  physician  i:i  Vienna,  lx?gan  to  teach  publich'his 
i^x^ll-kuown  systoni  i>f  or;u\iiv<i\^py  or,  :u>  it  was  later  de£:ignated  by 
his  ohiof  disciple  v^ptirrhoinO .  system  of  phrenolog>'.  t  Gall,  from 
his  early  youth,  was  |vvssi'^^\l  with  tho  idea  that  the  different  facul- 
tii^  of  tlio  mind  an^  mtxiiattxl  tVinnich  different  parts  of  the  brain, 
that  in  it  wc  b.;\vo  to  doai  not  wiTri  a  sinclo.  but  with  a  pltiraiity  of 
oTp^ns.     ri.is  Ivliof  \x;^s  in  op'j>v<;t;on  to  tho  current  ideas  of  his 

*  kW."    s-.\\  Si-^-.'.rsho'.tv.'.  •■Kivhrrv'*ht->  sur  '.a  s->-st#me  xwrveux  en  g£niffal 


GENERAL    PHYSIOLOGY    OF    THE   CEREBRUM. 


193 


tiuMS  and  Oall  devoted  his  entire  life  to  an  earnest  eflFort  to  estab- 
Uiiad  popularize  his  views.  He  and  his  disciples  contributed 
■ny  vt'O'  important  facts  to  our  knowledge  of  the  finer  anatomy 
of  the  brain;  but,  so  far  as  the  view  of  separate  organs  in  the 
cefi^mmi  is  concerned,  the  ^letho(l^  that  he  employed,  although 
perbpn  the  only  ones  that  he  could  make  use  of  at  that  time, 
hire  ODoe  been  demonstrated  to  be  fallaciou.s  when  used  as  he 
ond  them.  He  conceived  tliat  the  more  developed  any  given 
Dteatal  ((uality  is  the  larger  will  be  the  organ  representing  it  in 
tie  ocn-brum,  and  since  the  cranium  fits  closely  to  the  cerebrum 
tlien'Iative  prominence  of  the  parts  of  the  cerebrum  may  be  judged 
by  ft  study  of  the  exterior  of  the  skull.  This  method  of  study  con- 
ifcifcatMl  the  essential  feature  of  cranioscopy  or  phrenology,  and 
by  observation  upon  people  with  particularly  marked  mental 
fuEtieft  Gall  and  his  disciples  supposed  that  they  had  located  the 
OpM  for  thirty-five  different  faculties.  While  the  genend  idea 
rftUilDetfaod  may  be  defended,  it  is  obvious  that  the  application 
rf  h  «kntificftllyp  so  that  positive  and  demonstrable  results  can 
kobtiined,  is  practically  imjx)asiblc.  The  system  of  phrenology 
Md  i&«  mcthotla  quirkly  fell  into  disrepute,  since  they  were  ex- 
iMtod  hy  frauds  and  charlatans.  GalKs  ideas  in  the  bogin- 
Bimacited  the  KTcatost  interest,  but  it  seems  that  he  won  never 
Mf  to  convince  the  majority  of  the  scientific  men  of  his  day 
(/  the  conclusiveness  of  his  results.  At  the  time  that  he  was 
tr  '  's  doctrines  in  Paris,  where  he  spent  the  later  years  of 
hir  .urens  began  his  celebrated  experimental  work  upon  the 

foDcOons  of  the  brain, — work  which  uus  mainly  instnimental  in 
eaovinctng    physiologists    that    the    cerehmm    is   a  single  organ, 
^BMlMMudly  equivalent   in  all   of  its   parts.*     Flourens'  chief  ex- 
its were  made  ufK)n  pigeon.s,  and  in  these  animals  he  found 
teceaeive  ablations  of  parts  of  the  cerebrum  from   l>efore 
or  from  side  to  side  were  not  followed  by  a  corresponding 
of  defects  in  the  animals'  psychical  life.     On  the  contiar>*, 
the  quantity  of  brain  sul>stance  removed  was  sufficiently 
lu)^,  all  the**e   qualities   went   at  once.     The   choice  of  animals 
far   tbeee  experiments   was  an   unfortunate  one,   but  the   results 
r  corroborated  in  part  by  a  number  of  instances  in  which  human 
by  acciilent  or  wounds  in  battle  had  lost  a  part  of  the  brain 
botjl   any  apparent  defect  in  their  mental  lowers.      Therefore 

the  mid<Ue  of  the  nineteenth  ccntur}-  the  prevalent  view 

^phyaoology  was  that  the  cerebrum  is  functionally  ecjuivalent  in 
aO  cif  it*  parts.    One  fact  was  known  in  me<iicine  at  that  time 

•  F1oar«vv(.  "Kpchrrt*!i<>8  experiment  ales  siir  le«  pfopri^t^s  et  lea  fooclions 
I  wfmMae  oervcux  dans  las  aniuiaux  vrrt^brdn.' 
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which  distinctly  contradicted  this  belief, — namely,  that  an  injur 
to  the  region  of  the  third  frontal  convolution  in  man,  on  tt 
left  side,  causes  a  loss  of  articulate  speech  (motor  aphada).  Bi 
this  fact,  so  significant  to  Us  now,  was  not  properly  valued  i 
the  time.  The  beginning  of  our  modem  views  of  cerebral  localisi 
tion  is  found  in  the  work  of  Fritsch  and  Hitzig  *  (1870),  in  whic 
they  exposed  and  stimulated  electrically  the  cortex  cerebri  i 
dogs.  They  observed  that  stimulation  of  certain  definite  area 
particularly  in  the  sigmoid  gyrus,  gave  distinct  and  constai 
movements  in  the  limbs,  face,  etc.  (see  Fig.  86).  This  woi 
was  followed  quickly  by  experiments  of  a  similar  kind  mad 
by  numerous  observers,  in  which  the  cerebrum  was  stimulated  i 
various  animals  and  finally  in  man.  In  addition,  the  method  o 
ablation  of  these  areas  was  employed  with  subsequent  study  o 
the  animal  in  regard  to  the  motor  or  sensory  defects  resultini 
therefrom,  and  the  results  obtained  were  further  extended  h\ 
careful  autopsies  upon  hmnan  beings  in  whom  paralyses  of  variouf 
kinds  and  sensory  defects  were  associated  with  more  or  less  defi- 
nite lesions  of  the  cerebrum.  The  first  outcome  of  this  work  ww 
to  lead  to  an  extreme  view  of  localization  of  function  in  the  brain 
in  which  the  different  motor  and  sensory  areas  were  definitel> 
circumscribed  and  separated  one  from  the  other,  making  the 
cerebrum  a  plurality  of  organs,  to  use  Gall's  term.  The  mon 
recent  work  has  tended  to  modify  these  extreme  views  of  local 
ization  and  to  emphasize  the  fact  that  histologically  and  phyao 
logically  the  entire  cerebrum  is  connected  so  intimately,  part  t^ 
part,  that,  although  the  different  regions  mediate  diffprpn^.  fnne 
tionSj  nevertheless  an  injury  or  defect  in  one  part  may  influenc 
to  some  extent  the  functional  value  of  all  (^jh^r  rt^f^r.^^  'n  ]|[ 
organ.  The  general  idea  of  a  localization  of  function  has  bee 
accepted,  but  the  modern  view  is  that  the  cerebnmi  is  con 
posed  of  a  oluralitv  of  organs,  not  comnjetely  separated  oi 
from  the  other,  as  taught  hy  Hall^  hnt.  mfimatply  ftssQciat< 
and  to  a  certain  extent  dependent  one  on  another  for  their  ft 
functional  importance.  The  functional  interrelation  of  differei 
parts  oi  the  cortex  ly  yliuvvn  by  the  fact  that  a  cortical  lesion  at  oi 
point  may  involve  not  only  the  activity  primarily  connected  wil 
that  region,  but  may  influence  also  the  functional  p>erformance » 
far  distant  uninjured  parts  of  the  cortex  or  even  of  the  imderlyii 
portions  of  the  central  nervous  system,  the  medulla,  and  tt 
spinal  cord.  Monakow  states,  for  example,  that  in  lesions  of  tl 
pyramidal  system  we  may  observe  among  the  temporary  symi 

*  Fritsch  and  Hitzig,  "Archiv  f.  Anatomic  und  Physiologie  und 
schaftliche  Mediim,"  1870,  300. 
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ipanyiDK  the  hemiplcpia  a  disturbance  of  the  swallowing 
n-flex  or  a  diminution  in  the  spinal  roflt^xes.  The  nuclei  in  the 
lull*  and  the  cord  suffer  a  diminution  in  irritability,  although 
dirorlly  involved  in  the  lesion.  Moniikow  designate-s  this  re- 
"aait or  condition  under  the  term  diaschisifi,"  which  he  defiiu^s  as  a 
^Ijjmtiim  in  irritability  willun  the  wlioh*  contirrtt'il  fuiK-^joruil 
complex  without  anatomical  leajpn.  It  must  alsa  he  borne  in  mind 
btfati&rodnection  ttiat  most  of  the  efforts  made  hitherto  to  localize 
tbir  funotiooal  activities  of  the  brain  have  had  reference  chiefly  to 
pluiB of  separation  vertical  to  the  cortex.     As  indicated  on  p.  187, 
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in  ihf  dnit'»  hmio  M  origiiUhUy  dctemiiii«]  by  ^itadl 
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rrcmt  investigations  have  indicat<?d  that  it  will  be  necessary  to 
KMiaadcr  also  the  separation  of  function  along  horizontal  planes 
Toa  Valkenburg).  That  is  to  say,  it  seems  Cjuite  i>ossible  that  the 
inrerml  strata  in  the  cortex,  such  as  the  granular,  the  infra- 
nuiular,  and  the  supragranular  layers  may  mediate  different  ac- 
YlUes  of  the  brain,  or  even  different  psychical  functions. 

Mcnrnkaw.  "Eigebniaw  der  Physiologie,"  vol.  xiii.,  1913. 
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The  Motor  Area. — ^The  first  experiments  of  Fritsch  and  EEtag 
disclosed  the  location  of  a  cortical  r^on  in  the  dog  which  upGD 
stimulation  gave  definite  movements.  The  later  experiments  ol 
Ferrier,  Schafer,  Horsley,  and  Beevor,  particularly  upon  the  apes, 
gave  reason  for  believing  that  this  motor  area  surrounds  the 
central  sulcus  of  Rolando  and  extends  inward  upon  the  meaal 
surface  of  the  cerebrum.     Its  exact  boundaries  marked  out  by 
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Fig.  87. — ^Location  of  motor  areas  in  brain  of  chimpansee. — {Sherrington  and  Graw*- 
haum.)  The  extent  of  the  motor  areas  is  indicated  by  stippling;  it  lies  entirely  in  front 
of  the  fi»i?ure  of  Holanilo  (sulcus  centralis).  Much  of  the  motor  area  is  hidden  in  the  auki. 
'Ilie  regions  marked  eyes  indicate  the  areas  who.se  stimulation  gives  conjugate  movemeDti 
of  the  eyebalU.     It  is  doubtful,  however,  whether  these  represent  motor  areas  propw. 


careful  stimulation  of  the  region  in  monkeys  was  more  or  less 
verified  upon  man,  since  in  operations  upon  the  brain  it  was 
often  necessary  to  stimulate  the  cortex  in  order  to  localize  a 
given  motor  area.  By  these  means  charts  have  been  made 
showing  the  cortical  area  for  the  musculature  of  each  part  of 
the  body.  It  was  found  that  in  general  the  distribution  of 
the  areas  lies  along  the  central  sulcus  of  Rolando  and  follows 
the  order  of  the  cranial  and  spinal  nerves.  Within  each  area 
smaller  centers  may  be  located  by  careful  stimulation;  thus,  the 
hand  and  arm  area  may  be  subdivided  into  centers  for  the  wrist, 
fingers,    thumb,    etc.      Sherrington    and    Greenbaum,*    making 

*  "Reports  of  the  Thompson- Yates  and  Johnson  Laboratories,*'  4,  351, 
1902;  5,  55,  1903. 
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itfe  of  electrical  stimulation,  unipolar  method,  have  explored 
parpfully  the  motor  areas  in  the  monkey.  They  state  that 
these  areas  do  not  extend  back  of  the  central  sulcus,  but  lie 
chiefly  along  the  anterior  cTutral  convolution^  lu*  represented 
in  Figs.  87  and  88,  and  extend  for  only  a  small  distance  on  to 
the  mesial  surface  of  the  cerebrum.  The  area  thus  dehmited 
by  physiological  experiments  is  the  region  from  which  ari-^^es 
the  pyramidal    system    of    fibers,    anti    clinical    experience    has 
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r*  S8.—T«  tJiow  extension  of  motor  areas  on  »o  tlie  menial  fttirface,  bnun  of  chim- 

^•«  — '>'* '  ■■:  nmi  fjrrrn/HHim).      Mesial  surface  (if  left  hl*tili#phcrc:  Stippled    rfwiori 

**'''*d  1. 1  <>  luutor  arra  fur  luner  liiiU:i;    /,  .1,  and /i  itidtcali*   rng'tuna    mjm    whicli 

*'^'«»gp'  ^  lied  ucca.-4ionall\  wiib  wtruuK  »titnuU;  /'.  tmti  and  1»*k;  «,  *liouUl^r   anJ 

™*tT^UfUMi»  nii'^  iiii^m.     The  ahaded  area  marked.  E  V  Btj  iudii'at«?aa  retpuu  stimulation 
*  Vn*(igrr«i  ooojugBie  nioveiueuts  of  the  eyo*. 

skowB  that  lesions  in  this  part-  of  the  cortex  are  accompanied 
by  a  paral>'sis  of  the  muscles  on  the  other  side,  particularly 
in  tie  limbs.  Pathological  or  experimental  lesions  here,  more- 
OTw.  are  followed  by  a  degeneration  of  the  pjTamidal  neurons^ 
~*  degeneration  which  extends  to  the  tennination  of  the  neurons 
to  tbe  cord.  With  these  data  we  can  construct  a  fairly  complete 
>aoont  of  the  mechanism  of  voluntary  movement-s.  The  iid- 
^  outgoing  or  efferent  impulses  arise  in  the  large  pyramidal  cells 
of  the  motor  areas,  and  proceed  along  the  axons  of  their  neurons 
to  the  motor  nuclei  of  the  cranial  or  spinal  nerves.  The  neurons 
of  ihe  p>Tamidal  tract  constitute  the  motor  tract  for  voluntary 
movementa;  a  lesion  anywhere  along  this  tract  causes  paralysis, 
nwreor  lees  complete,  and  on  the  other  side  of  the  body  in  general, 
tf  the  ksioD  is  anterior  to  the  decussation.  The  path  of  the 
iMtor  fibers  is  represented  in  the  schema  given  in  Fig.  89.  Arising 
ifi  the  corteXr  they  take  the  following  route  (see  also  Fig.  82,  B): 
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1.  Corona  nuiiaUi. 
2    Interriii!  rupsule. 

3.  Peduncle  of  cerebrum, 

4.  Pons  Varolii,  in  which  they  are  broken  into  a  number  of 

smaller  bundles  by  the  libers  of  the  middle  peduncle  of 
the  cerebellum  (brachium  pi>ntis).  In  this  region,  also, 
some  of  the  fibers  cross  the  mid-line,  to  end  in  the 
motor  nuclei  of  tbe  cranial  nerves;  Third,  fourth,  fifth, 
sixth,  and  seventh. 

5.  Anterior  pyramids. 

6.  Pyramidal  decussation. 

7.  Anterior  and  lateral  pyramidal  fasriculi  in  the  cord. 
After  ending  in  the  motor  nuclei  of  the  cranial  or  spinni  nerves  the 

path  in  continued  by  a  sc?cond  neuron  from  these  nuclei  to  the  nine- 
clos.  The  entire  path  involves,  therefore,  at  a  minitnuiu,  two  neu- 
rons, and  injury  to  either  will  cause  paralysis  of  the  corresponding 
muscles. 

Difference  in  the  Paralysis  from  Injury  to  the  Spinal  and  the 
Pyramidal  Neuron, — With  regard  to  the  musculature  of  the  limbs 
e-spccially  a  diflercnce  lias  been  observed  in  the  paralysis  caused  by 
injury  to  the  spinal  and  pyramidal  (cerebrospinal)  neuroas, 
respectively.  Lesions  of  tfie  an  lerior  root  cells  in  tlie  eonl 
ur  of  the  axons  arising  from  them  cause  complete  paralysis  of 
the  corresponding  muscles,  since  these  muscles  are  then  re- 
moved not  only  from  voluntary  control,  but  also  from  reflex 
effects.  The  nmsclcs  are  entirely  relaxed  and  in  time  exhibit 
a  more  or  less  eojiiplete  atropliy.  When  tlie  pyrami(hd  neurons 
are  affected,  as  in  the  familiar  comlition  of  hemiplepa  resultins: 
from  a  unilateral  lesion  of  the  motor  cortex,  there  is  paralysis  as 
regards  voluntary  contml.  but,  the  spinal  neuron  l>eing  intact,  the 
muscles  are  still  subject  to  reflex  stimulation  through  the  conl. 
especially  to  the  so-called  ionic  impulses.  Under  these  conditions, 
especially  if  the  lesion  is  in  the  coixl,  it  is  fre<juenl!y  noticed  that  tbe 
paralyzed  muscles  are  thrown  into  a  state  of  continuous  contraction 
contracture,  in  which  they  exhibit  a  spastic  riddity.  This  fact 
therefore,  may  be  used  in  diaj2:nosing  the  general  location  of  tlrt 
lesion.  A  satisfactory  explanation  of  the  cause  of  the  tonic  con- 
traction has  uot  l>een  furnished.  It  may  be  due  to  uncontrolled 
reflex  excitation  of  the  spinal  neurons,  or,  as  suggested  by  Van 
Clehucliten,  to  the  action  of  the  indirect  motor  path  by  way  of  thft 
rul>rospinal  tract  (fasciculus  intermediolateralis). 

Is  the  Pyramidal  System  the  Only  Means  of  Voluntary  (Cor- 
tical) Control  of  the  Muscles?— Much  discussion  has  arisea 
regarding  this  question.  It  is,  in  fact,  one  of  ifiose  questions  of 
nervous  mechanism  in  which  experiments  upon  lower  aniuinlfl 
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mtift  be  applied  with  caution  to  the  conditions  in  man.  Am 
tehave  seen,  the  entire  cerebral  cortex  may  be  removed  from 
the  tog,  the  pigeon,  and  the  dog  without  causing  permanent 
pinlyM,  although  in  the  animal 
Itft  umed  there  is  at  first  a  more 
or  kflB  marked  loss  of  voluntary 
eoQtrol.  But  in  man  and  the  higher 
typttof  the  monkey  the  pyramidal 
wpttm  is  more  completely  devel- 
o|Kd,  and  eorrespomiing  with  this 
fart  it  is  found  that  the  paralvBiu 
from  Won  of  the  motor  cortex  is 
Bon permanent.  In  fact,  ol.>serva- 
taou  upon  men  in  whom  it  has 
bm  n/Ktmary  to  remove  parts  of 
tic  motor  area  by  surgical  o(>era- 
tioo  indicate  that  the  voluntary 
caitrol  of  the  muscle  '\»  lost  or  im- 
puwd permanently.  It  would  seem, 
tbtnfore,  that  even  in  an  aninial  as 
biefa  in  ihc  scale  jus  the  dog  volun- 
t^  I  of  the  nmscies  can  be 

ti'  through    fillers    other 

tluQ  (hose  belonging  to  the  pyra- 
Buial  system.  A  system  such  as 
tbat  found  in  the  rubrospinal  tract 
(p.  180)  may  be  considered  as  ad€^- 
^BAUto  fulfil  such  a  function.  In 
nuB,  however,  along  with  the  more 
iplete  development  of  the  pyr- 
■ystem,  the  efhcacy  of  the 
^netically  older  motor  sys- 
i«  ctirrespimdingly  reduced. 
The  Crossed  Control  of  the 
es  and  Bilateral  Represen- 
in  the  Cortex. — It  hiis  been 

from  very  ancient  times  that  an  injury  to  the  brain  on 
aide  is  accompanied  by  a  paralysis  of  voluntary  movement 
the  other  side  of  the  body,  a  condition  known  its  hemiplegia. 
facts  given  ab<:»ve  regarding  the  origin  and  course  of  the 
ntmidal    sywtem   of    fibers   explain   the  crossed  character   of 
the   pjir^ysis   quite  satisfactorily.      Tlie  schema  Uius   pre- 
ited  to  us  is,  however,  not  entirely  without  exception.     In 
of    hemiplegia   in   wluch    the  whole    motor  area  of   one 
»  indudeii  it  is  known  that  the  paralysis  on  the  other  side 


Fig.  Sfl.— Schenw  rpprp»MilinK 
tlie  coun*  uf  the  5ben  at  (!ip  pyrm- 
Diiilal  •ystfm;  I.  Kibrr»to  thr  nuclri  nf 
the  cranial  rieive  ;  2,  uiirrim»<><l  filien* 
to  tlir  lat«>rul  p^'miniilul  fa^iirtilii*  * 
3,  fiber*  lu  tlie  ajiteriur  pynttiiiflnl 
f&.'^riculu*  rr(t%*inK  lit  the  rnrd  :  4  ttml 
6.  HNt^  that  rrvfw  in  the  pymnii'bl 
(InuMiAtiitn  to  makr  th«  lateral 
pyrattiidiU  tract  of  the  optpooite  side. 
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does   not   involve  all  the   muscles,  and,  in  the   second  placCi 
it  is  said  that  there  is  some  muscular  weakness  on  the  same 
side.     The  Pftr^yais  in  hemiplegia  affects  but  little^  if  at  all* 
those  muscles  of  the  trunk  which   are  accustomed  to  act  ixx 
unison, — the  muscles  of  inspiration,  for  instance,  the  diaphragnj^ 
abdominal  and  intercostal  muscles,  and  the  muscles  of  the  taiyng^ 
It  would  appear  that  these  muscles  are  bilaterally  represented  irm 
the  cortex ;  so  that  if  one  side  of  the  brain  is  intact  the  muscled  6f 
both  sides  are  stilLjinder  voluntary  control,     'ihe  mechanism  ojC 
this  bilateral  representation  is  not  definitely    known;    one   majn 
conceive  several  possibilities.      The  motor  area  on  each  side  may- 
send  down  a  double  set  of  pyramidal  fibers,  one  of  which  crosses 
and  the  other  remains    on  the   same  side,  or  the  fibers  may 
bifurcate.      Or    it    is  possible  that  the  bilateral  control  is  due 
to  commissural   connections    between    the   lower   centers  in  iht 
cord.    Some  evidence  in  favor  of  the  former  view  is  found  in  Uie 
imdoubted  histological  fact  brought  out  by  Melius  and  others,  that 
small  imilateral  lesions  in  the  motor  area — the  center  of  the  gieat 
toe  in  the  monkey,  for  instance — ^are  followed  by  degeneration  in 
the  lateral  pyramidal  fasciculus  in  the  cord  on  both  sides,  show- 
ing that  some  portions  of  the  motor  area  send  fibers  to  both  sides 
of  the  body.    In  cases  of  hemiplegia  it  may  be  added  that  the 
muscles  of  the  limbs  are  not  all  equally  affected. 

Are  the  Motor  Areas  Only  Motor  in  Ftmction? — The  great 
number  of  nerve  cells  in  the  cortex  in  addition  to  the  large 
pyramidal  cells  that  give  origin  to  the  fibers  of  the  pyramidal 
system  makes  it  possible  histologically  that  other  functions  may 
be.  mediated  in  the  same  region.  Ihis  possibility  has  been  kept 
in  view  since  the  early  experiments  of  Munk,  in  which  he  showed 
that  lesions  in  the  Rolandic  region  are  followed  by  disturbances 
in  what  are  designated  as  the  body  sensations,  that  is,  in 
muscular  and  cutaneous  sensibility,  but  especially  the  former. 
It  was  suggested,  therefore,  at  one  time  that  one  and  the  same 
spot  in  the  cortex  might  serve  as  the  origin  of  the  motor  impulses 
to  a  given  muscle  and  as  the  cortical  termination  of  the  sensory 
impulses  coming  from  the  same  muscle,  the  reaction  in  con- 
sciousness, the  muscular  sensations,  being  mediated  perhaps 
through  cells  other  than  those  giving  rise  to  the  pyramidal  fibers. 
Recent  physiological  and  clinical  work  has,  however,  not  tended 
to  support  this  view.  The  motor  areas  appear  to  be  confined 
to  the  region  in  front  of  the  central  sulcus  of  Rolando,  while  the 
cortical  area,  in  which  the  afferent  fibers  mediating  body  sensibility 
(muscular-cutaneous)  make  their  final  termination  extends  back  of 
this  sulcus  in  the  posterior  central  convolution.  Whether, 
on  the  other  hand,  the  sense  areas  for  the  body  (cutaneous  and 
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muwular)  exteod  furwurd  int^  the  cortex  of  the  frontal  lol)e  is 
Dotrlewly  shown  l>y  experiinentul  ur  clinical  evidence.     Flechsig, 
(roro  bi»  studies?  upon  the  tiuie  of  myelinizttlion  of  the  afferent 
6^X'T»  in  the  enil)ryo  hrain,  concludes  tluil  this  is  the  case,  and 
Ihit,  tlicreforc,  I  he  motor  and  sensory  areas  overlap  for  a  part 
tt  kut  of  ihcir  extent  (»ce  p.  226  and  Fig.  98).     On  the  con- 
U»ry,in  ikn  interesting  report  hyCushing*  of  two  cases  in  which 
the  anterior  central   convolution   was  stimulated   in  conscious 
patipntiJ.  it  is  stated  that  there  was  no  sensation  other  than  that 
•rising  from  the  change  in  position  of  the  niUHcles  which  were 
ilirown  into  contraction.     In  the  niat(>r  area  there  are  numerous 
conaertioQB  by  aiisociation  tracts  with  other  partes  of  the  l^rain. 
By  thi«  meam$  the  motor  area,  without  tloubt,  is  brought  into 
nbtioD  with  many  other  parts  of  the  cortex,  and  the  sensations 
orpflteptions  aroused  elsewhere  may  react  Uf>oa  the  motor  paths. 
Avoluntao'  movement,  however  simple  it  may  be,  is  a  psychologi- 
al  art  of  some  eomplexity,  that  is  to  say,  every  movement  is  pre- 
«dftl  or  accompaniefl  by  certain  sensations  and  jx^rceptions  which 
d«TWid  upon  sensory  stimulations  occurring  at  that  time,  or  upon 
oppriences   derived    from    conditioas    of    excitation    that    have 
occurri'*!   at  some  previous   period— ^very  action   is   part   of  a 
triin  of  conscious  or  subconscious  processes  whose  neural  mech- 
anism extends   over   wide   regions  of   the   cortex.     The   mental 
pnxtcses,  the  associations  that  lead  to  and  originate  the  motor 
'iisch&rge,   the  mental  image  of  the  movement  to  be  effected, 
caaoot  l>e  definitely  locateti  in  the  cortex,  and  it  is  possible  that 
lied  motor  area  itself  piulicipates  in  thos<»  psychical  ante- 
But  what  may  be  said  with  confidcnci*  is  that  the  im- 
"*^jj|§tp  oriffn  of  the  outgoing  motor  impulse  lies  in  the  area^o^g 
the  anterior  margin  of  the  central  ^ulrii>  nf  Rolando^^^hich  con- 
tarns  the  foi'i.^go  to  speak,  into  whirii  :i!l  ;iri  rs>y>ry  processes  are 
I,  so  far  as  they  affect  our  iiiusctilar  acts.,  and  from  which 
the  actual  efferent  stimuli  to  the  different  muscles. 

*Cu*hiii|L    "Auivricaii   Journal   of    Physiology,"    1909    ("Proc.    Amer. 
fmJL  &)c.*'). 


CHAPTER  X. 

THE  SENSE  AREAS  AND  THE  ASSOCIATION  AKEAS  OP 
THE  CORTEX. 

The  delimitation  of  the  sensory  areas  in  the  cortex  is  a  mattw 
of  very  considerable  difficulty,  owing  partly  to  the  fact  that  thfr 
determination  of  the  presence  or  absence  of  certain  states  of  con- 
sciousness in  the  animal  or  person  imder  observation  cannot  be 
made  except  by  indirect  means,  and  partly  no  doubt  to  the  fact 
that  the  organization  of  the  sensory  mechanism  in  the  brain  is 
more  complex  and  diffuse  than  in  the  case  of  the  motor  apparatus. 
Moreover,  the  distinction  between  what  we  piay  call  simple  sensa- 
tions and  the  more  complex  psychical  representations  and  judg- 
ments of  which  these  sensations  form  a  necessary  constituent  can- 
not be  made  clearly,  even  by  the  individual  in  whom  the  reactions 
occur.  We  recognize  in  ourselves  different  stages  in  the  degree  of 
consciousness  aroused  by  sensory  reactions.  Our  visual  and 
auditory  sensations  are  clearly  differentiated;  but  many  of  the 
lower  senses  escap)e  recognition  in  the  individual  himself,  since  the 
state  of  consciousness  accompanying  them  is  of  a  lower  order. 
Our  muscular  sensations,  for  instance,  are  so  indefinite  as  to  be 
practically  subconscious.  They  are  most  important  to  us  in  every 
act  of  our  lives,  yet  the  uninformed  person  is  unconscious  of  the 
existence  of  such  a  sensation,  and  if  deprived  of  it  would  recognize 
the  defect  only  in  the  consequent  loss  of  control  of  the  voluntary 
muscular  movements.  In  the  attempts  to  determine  in  what  part 
of  the  brain  the  various  sensations  are  mediated  every  possible 
method  of  inqiiiiy  has  been  used  :  the  anatomical  course  of  the 
sensory  paths,  physiological  experiments  of  stimulation  and  ablation, 
and  observations  upon  individuals  with  pathological  or  traumatic 
lesions  in  the  brain.  The  results  of  these  investigations  are  pre- 
sented briefly  in  the  folIo\\'ing  pages.  It  mav  bfi  hplpfnl  \n  con- 
sidering these  results  to  bear  in  mind  t.hp  funHnmpnf.al  phyaif^lQgrjf^gl 
conception  that  each  specialized  sense  is  supposed  to  have  it^  own 
set  of  nerve  fibers.  These  fibers  after  entering  the  cord  in  tte 
spmal  nerves, "orT^he  brain  in  the  cranial  nerves,  are  assumed  to 
follow  different  intcrcentral  paths,  which  eventually  terminate  in 
the  cortex  of  the  cerebrum.  The  attempts  made  to  localize  these 
senses  in  the  cortex  reduce  themselves  practically  to  a  considera- 
tion of  the  location  of  the  termini  of  the  several  tracts.     Investi- 
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ptkw  nude  so  far  indicate?  that  these  termini  are  located  in 
(fiffmnt  regioDfl,  and  that  destruction  of  any  terminus  has,  of 
coune,  the  same  effect  uix)n  the  corresponding  sense  as  destruction 
of  the  tract  in  any  part  of  its  course.  If  we  go  beyond  this  point, 
iDdodeavor  to  say  what  part  of  tlie  complex  mental  aftivity  asso- 
aitodwith  eacii  kind  of  sensor>'  reaction  is  inediate<l  by  the  cells 
hetXtd  in  these  termini,  we  are  met  at  once  with  difficulties  which, 
It  present,  cannot  be  overcome.  Each  ttTminus  is  connected  by 
iBoditkiD  fibers  with  various  other  parts  of  the  cortex,  and  this 
«U»  complex  of  neurons  is  concerned  no  doubt  in  the  psychical 
lortioM  aroused. 

Ibe   Body -sense    Area. — In    his    early    experiments    Munk 
bBI«d  that  lesion.s  of  the  cortex  involving  tiie  area  aroumi  the 
CMtnl  sulcus  are  accompanied  by  a  state  <»f  anesthesia  on  tlie 
oliier  side  of  the  l)ody,  hemianesthesia,  particularly  as  regards 
tktvtiie  and  muscular  sensations.     It  is  not  necessary,  perhaps, 
la  fD  into  the  details  of  the  long  controversy  that  arose  in 
mOMctinn  with  this  point.     Both  the  clinical  and  the  cxperi- 
OMotAJ  evidence  has  been  contradictory  in  the  hands  of  diffL-rent 
ohervers,  but  the  tendency  of  recent  studies  has  l)een  to  show, 
attUUd  above,  that,  whereas  the  motor  areas  lie  anterior  to 
Ikemtral  sulcus,  the  sensory  areas  concerned  with  the  cutaneous 
ladffluscular  sensations  extend  posterior  to  this  sulcus.*     Posi- 
ti«t  cftaes  are  recorde<l  in  which  lesions  involving  the  anterior 
MUnI  convolutions   were   accompanied    by   paralysis   on   the 
othr  side,  hemiplegia,  without  any  detectable  disturbance  of 
mdiility,  and»  on  the  other  hand,  lesions  have  been  described 
in  the  posteritir  central  and   neighboring  parietal  convolutions 
in  which    there   was  a  hemianesthesia   more  or   less  distinctly 
nufketl  without    any  paralysis.     As   stated    above,   Cushing,t 
in  his  report  U[>on  the  stimulation  of  the  cortex  in  two  conscious 
potienUi,  states    that    no   sensations   were    aroused    by   stinmli 
apfiHed  t^i  the  anterior  central  convolution,  while  stimulation 
of  (be    posterior    convolution    aroused    distinct    sensations    of 
■orabneas  taxd  of  touch.     Such  ciises  tend  t<*  fMPP"'^  *^'*  '^'*'"^ 
tSiAt  tho  q)^>tor  nnd   bti.lv  sf;nse  are:!.'^.  although  contiguous,  do 
■otoverla|».      He^surdin^    the   s<Misory    ilcfects   ;isH(K'iale<l    with 
Imods  of  the  parietal  lobe  jMisterior  to  the  central  sulcus  (pos- 
terior central  convolution,  supramarginal,  su(>erior,  and  )>ossibly 
t&ferior   parietal    convolutions),    it   seems   probable   that   they 
involve  chiefly  the   muscular  sense,   pressure  and  tcmjwjrature 
iense,    an»l    the   judgments    or   i>erceptioi»s    i)a>*e<i    upon    these 
Htsitttiou'^.  while  the  sense  of  pain  is  affected  but  little,  if  at 
?n.     Monakow  gives  the  order  in  which  sensory  defects  manifest 

•CoonUt  voD  Monakow,  "ErKobniBs**  tier  riiyMuI..*'  1902,  vol.  i,  imrt  i, 
p,  02i,  t  Citfthing,  loc.  fit. 
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themselves  after  such  lesions,  as  follows:  The  localizmg  and  muscle 
senses  are  chiefly  affected,  in  fact,  almost  lost  on  the  opposite  side; 
the  temperature  and  pressure  sense  may  be  affected,  while  the 
pain  sense  is  retained  or  but  slightly  affected.  The  clinicians  have 
observed  that  the  most  positive  and  invariable  symptom  of  lesioos 
in  this  region  is  a  condition  of  astereognosis,  that  is,  a  diminutioa 
in  what  may  be  called  the  stereognostic  perceptions.  By  stereog- 
nostic  perception  is  meant  the  power  to  judge  concerning  the  fonn 
and  consistency  of  external  objects  when  handled,  and  it  must  be 
regarded  as  a  perception  based  upon  localized  sensations  of  touch, 


CentnU^Suicus 


TKaJamuS 


Mid-Brain. 


NucltUS  af  funkuhs 


^^  Internal  arcyote  fibers 


fbinal  CordL 


Hg.  do. — Schenuk  peprenenting  tlic  origin  and  course  of  the  fibers  of  the  medimn  fiUet,— W* 
intercentral  path.t  of  the  fibers  of  body  sense. 

together  perhaps  \\ith  those  of  temperature  and  muscular  sen- 
sibility. On  the  whole,  therefore,  we  must  infer  that  the  cortex  in 
this  postcentral  area  is  concerned  with  thesensationg  of  pr^ure, 
temperature,  and  muscular  conditions,  ana  especial^  the  Si^er 
type  of  tliese  sensations,  which  we  can  projecTor  localize  accurately* 
This  conclusion  is  strengthened  by  tne  tact  that,  as^descnbed  in 
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t  next  pangr&ph,  the  fil>ers  of  the  lenuiiscus  terminate  in  this 
tt^on.  Secondly,  in  this  region  fhoro  are  nipd^nt^d  also 
iy  9ome  of  the  8ynthe:*cs  and  associations  of  these  sensations, 
i  we  di'sjgnnte  as  perceptions  or  judgments,  and  it  is  possible 
tmjurtes  or  defecKs  here  may  be  followe^i  by  an  impairment  of 
>lnfhef  perceptive  reactioiLs,  \\ithout  any  definite  loss  of  sen- 
iity  in  the  skin.  Such  a  defect  falls  under  the  genera!  head  of 
and  is  illustrated  by  the  condition  of  astereognosis  re- 
1  to  above,  which  might  be  defined  as  chiefly  a  tactile  ag:nosia. 
iTVpart  of  the  cortex,  if  any,  in  which  the  tract  of  pain  fibers  makes 
fbfinaJ  terminus  has  not  been  definitely  localized, 

Ibe  Histolc^cal  Evidence. — Course  of  the  **  Lemniscus." — 

lOitbe  histological  side  there  is  very  strong  corroV)orat>ve  evi- 

[inepfbr  the  view  tiiat  cortical  centers  for  the  sensory  fibers 

I  of  the  skin  and  muscles  lie  in  the  parietal  lobe  in  tlu-  region  in- 

(fcited  Above,     This  evidence  is  connected  with  the  path  taken 


vrtUw  Ihrtiiiich  iiiiilbnuii  fK*ttlikrr\  to  i^how  the  ponitinn  of  thr  IrmniKtlv 
.Vr.  Dtp  n*l  uuclcui;  Sn.  flip  liubsuuitia  niKn:  /'p.  the  pp%luncl«. 


hy  the  senaorj'  fibers  in  the  cord,  especially  those  of  the  pos- 
lerior  funiculi,  after  ending  in  the  nucleus  of  the  funiculus  gra- 
cilis and  the  nucleus  of  the  funiculus  cuneatus  of  the  medulla. 
Tha  path  is  represented  in  a  scliematic  way  in  the  accompanying 
dugnun   (Fig,   90),     The  second  sensory   neuruns  arise  iu   the 
•  audei  mentioned.     For  the  most  part,  at  least,  these  new  neu- 
I  roaa  run  ventrally,  as  internal  arcuate  fibers,  cross  the  mid-line, 
and  then  pass  forward  or  anleriDrly.     The  crossing  occurs  mainly 
[jort  in  front  of — that  is,  cephalad  to — the  pyramidal  decussa- 
tioiif  forming  thus  a  sensijry  decussation  (decussation  of  the 
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lemniscus),  which  explains  the  crossed  sensory  control,  as  the 
pyramidal  decussation  explains  the  crossed  motor  control  of 
the  cerebrum  in  relation  to  the  body.  After  this  decussation 
the  sensory  fibers  form  a  longitudinal  bundle  on  each  side  knovE 
as  the  nietiian  fillet  or  lemniscus,  wiiieh  in  the  pons  lies  just 
dorsal  to  the  pyramidal  system  of  fibers. 

The  lemniscus  hbcrs  may  be  traced  forward  (see  Fig.  91)  as 
far  as  the  superior  colliculus  of  the  corpora  quadripemina  and 
the  thuhimufi,  the  important  terminatiim  being  in  tl^e  thalamus i 
(ventral  or  hiteral  nucleus).  Those  neurons  that  end  in  ihe 
thalamus  are  continue<l  forward  tjy  a  third  set  oi  neurons,  which 
end  in  the  parietal  lobe  of  the  cerebrum  (see  Fip.  82,  C).  On  its 
way  through  tlie  medulla  and  pons  the  lemniscus  is  believe*!  lo 
receive  accessions  of  sensory  fibers  from  the  sensory  nuclei  ol 
the  cranial  nerves  of  tlie  opj)ttsite  side.  The  course  of  the  lem- 
niscus has  l>een  traced  by  various  means,  but  especially  by  the' 
method  of  myelinization  durinjj;  embryonic  life  and  by  degenera- 
tion consequent  upon  bmg-standing  disuse.  As  was  stated  in 
the  section  u|:on  Nerve  De^eneratii>n,  injury  to  an  axon  is 
followed  quickly  \)y  degeneration  of  the  peripheral  end.  und 
much  more  slowly  by  a  degeneration  of  the  central  end  and  tha, 
nerve  cell  itself,  when  the  i>ath  is  not  a^iain  established.  Certain 
long-standing  cystic  lesitms  (purencef)haly)  in  the  parietal  co^ 
tex  have  resulted  in  an  atrophic  rlegeneration  of  t!ie  lemnisrus 
fibers,  thus  adding  materially  to  the  evidence  that  this  senscrv 
tract  ends  eventually  in  the  region  indicated.*  Further  evidence 
of  the  same  cliaracter  is  found  in  tlie  observations  made  by 
Campbellf  upon  cgset^  of  tabes  dorsaiJs.  The  lesion  in  such  caflc* 
is  in  the  posterior  funiculi  of  thespinalcord,  but  ^venTOillr 
the  whole  upward  path  is  atJcctcdTand  degenerativ^e  changes  art 
tound  in  the  cells  oi  the  posterior  central  convolution. 

From  the  connections  of  the  [emniscus  witti  the  tracts  of  tha 
posterior  funiculi  of  the  ci>rd  it  is  evitlont  that  it  forms  onej 
pathway  at  least  for  the  fihgg^  of  Tnuscle  sense.  \\'hether"or  no6 
the  fibers  of  pressure,  painTanrl  temperature  take  the  same  rout*} 
is  not  known,  but  it  seems  probable,  at  least,  from  the  known; 
connections  of  the  lemniscus  witli  the  sensory  nuclei  of  thft! 
cranial  nerves  and  with  the  sens(^ry  tracts  of  the  lateral  as  well 
as  the  posterior  funiculi  of  the  cord.  The  lemniscus  endii 
chiefly  Jn  t)ie  tliidamus,  before  passing  on  to  the  cortex.  aM 
here^  as  in  ntlier  sirmiar  cases.  \vFlun'g  t[>e  tM)ssibilitv~that  tha 
lower  .centers,  in  addition  to  the  reflex  connections  which  they 
make^_  rna>''    mediate    also    some    form    of   conscious   reactiom 


While  the  general  tendency  has  been  to  confine  the  conscioiK 

♦HGeel.    'Archiv  f.   Psychiatrie."  24,   452.    1892.  I 

t  Cftmpbcll.    *  Hislologicid  Studies  on  Ixicalisatton  of  Cerebral  Functions.' 
Cambridge,  1905. 
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quality  of  the  central  reactions  to  the  cortex ^  there  is  no  proof 
thil  the  lower  centers  are  entirely  lacking  in  this  f)roperty. 
kGoKx's  dog  without  cerebral  cortex,  for  instance,  the  animal 
nKjvmileil  to  various  sernnor}'  stimuli,  and  wlien  hungrj'  gave 
evideorc.  so  far  its  his  actions  were  ronremed,  of  experiencing 
ibe  KDsations  of  hunger;  but  whether  or  not  these  actions  were 
[nnnAtfd  with  ronwious  sensations  is  hidden  from  us.  and  we  ran 
ittpe to  arrive  at  positive  conclusions  upon  thii^  point  only  l>y  obser- 
ntiocui  upon  man  hini^lf. 

The  Center  for  Vision. — The  location  in  the  cortex  of  the 
^wnlareA  for  vision  has  l)een  established  by  anatomical,  physio- 
loiciral,  and  clinical  evidence.    The  physiologists  have  cx]x*rimcntcd 
durfy  by  the  method  of  ablation.    Munk,  Ferrier,  and  later  ob- 
Wtms  have  found  that  removal  c»f  both  occijutal  lol^es  Is  followed 
kj' defects  in  vision.    According  to  Munk,  removal  of  both  occip- 
lUllobcsig  followe<l  by  complete  loss  of  visual  senHuti<ms,  or.  as  he 
eJpTMBes  it,  by  cortical  blindness.    Goltz,  however,  contends  that 
m  die  (l(»g  at  Iciist  removal  of  the  entire  cerebral  cortex  leaves 
the MJinal  with  some  degree  of  vision,  since  he  will  close  his  eyes 
if  irtnng  light  is  thrown  upon  them.    All  the  experiments  upon 
iWbigher  mamtnals  (monkeys)  and  clinical  experience  upon  man 
t«Ml  however,  tu  support  the  view  of  Munk.     Complete  removal 
of  the  occipital  lo^>es   Is  followed  by  ap|)arcntly  total  blindness, 
H  any  degree  of  vL^ii^n  remains  it  is  not  sufficient  for  recogni- 
tion of  familiar  objects  or  for  directing  the  movements.    In  an 
»nimftl  in   this  condition  the  pupil  is  constricted  when   light   Is 
throwTi  upon  the  eye;  but  this  reaction  we  may  regard  as  a  reflex 
*hmuih  the  mifibnvin,  and  there  is  no  reason  to  beUevc  that  it  is 
^c^ampanied  by  a  visual  sertsiition.     When  the  injur}'  to  the  occip- 
iuJ  fortex  is  unihitenil  the  blindness  aflFeets  symmetrical  halves  of 
the  two  eyes,  a  condition  known  lis  hemiopia.     Destruction  of  the 
nthi  occipital  lot)e  causes  blindness  in  the  two  right  halves  of  the 
90,  or.  in  ftcconiance  with  the  law^  of  projection  of  retinal  stimuli, 
m  the  Iwo  left  halves  of  the  normal  visual  lield   when  the  eyes 
in  fixed  upon  any  obje<'t.     Destnu-tion  of  the  left  occipital  lol)e 
ii  foDowpd  by  blindness  in  the  two  left  halves  of  the  retinas  or  the 
QlCbt  halves  of  the  visual  field.    This  result  of  physiological  ex- 
peraOfldate   Ls   home   out   by    clinical    exp)erience.     Any    unilateral 
fa^tiry  to  the  occipital  lobes  is  followe<i  by  a  condition  of  hemiopia 
OMce  or  leas  complete  according  to  the  extent  of  the  lesion.     OlDser- 
vaikm.  however,  has  shown  that  this  general  symmetrical  relation 
bm  one  interesting  and  peculiar  exception.    The  mf)st  important 
put  of  the  retina  in  vision  is  the  region  of  the  fovea   centralis, 
wfaoee  projection  into  the  visual  field  constitutes  the  field  of  direct 
or  eentral  vision.     It  is  said  that  the  hemiopia  caused  by  unilateral 
( of  the  cortex  does  not  involve  this  part  of  the  retina. 
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The  Histological  Evidence. — The  histol<^cal  results  supple- 
ment in  a  very  satisfactory  way  the  findings  from  physiology  and 
pathology.     The  retina  itself,  considered  from  an  embiyolo^caX 
standpoint,  is  an  outgrowth  from  the  braia  vesicles,  and  is  there- 
fore an  outlj^ing  portion  of  the  central  nervous  system.     The  optiti 
fibers,  in  terms  of  the  neuron  doctrine,  must  be  considered  siS 
axons  of  the  nerve  cells  in  the  retina.    If,  therefore,  an  eye  is  emir* 
cleated  or  an  optic  nerve  is  cut  the  fibers  connected  with  tb^ 
brain  imdergo  secondary  degeneration  and  their  course  can  b^ 
traced  microscopically  to  the  brain.    By  this  means  it  has  heeiM. 
shown  that  in  man  and  the  manunalia  there  is  a  partial  decu»^ 
sation  of  the  optic  fibers  in  the  chiasma.    The  fibers  from  th^ 
inner  side  of  each  retina  cross  at  this  point  to  the  opposite  optica 
tract;  those  from  the  outer  side  of  the  retina  do  not  decussate^ 


Oeci|»tal  lobe. 

OccipitO'thalftmir  ladifttim. 
Superior  colUcuIua. 

Lateral  geniculate. 
Thalamus. 


Retina. 


Fig.  92. — DiaRram  to  indicate  the  general  course  of  the  fibers  of  the  optic  nerves  and  the 
bilateral  connection  between  cortex  and  retina. 

but  pass  into  the  optic  tract  of  the  same  side.  The  fibers  of  the 
optic  tract  end  mainly  in  the  gray  matter  of  the  lateral  genicu- 
late body,  but  some  pass  also  to  the  thalamus  (pulvinar)  and 
some  to  the  superior  colliculus  of  the  corpora  quadrigemina. 
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That  locations,   therefore,   particularly  the  lateral  geniculates, 

Bflrt  be  considered  as  the  primar>'  optic  renters.     From  these 

poistlUie  pttth  is  continued  toward  the  cortex  by  new  neurons 

vhon  axons  eonstitute   a  special  buniHc,  the  occipitothalamic 

radi&U<)ti,  lying   in  the  occipital   part  of  the  internal  capsule 

(SM  Fi(f.  82,    D).     A  schema   representing  this  course  of  the 

-   '   is  civen  in    the  accompatiying  diagram   (Fig.  92). 

u)  this  schema,  the  general  relations  of  each  occipital 

lobe  to  the  retinas  of  the  two  eyes  is  such  that  the  right  occip- 

itilfort^x  represents  the  cortical  center  for  the  two  right  halves 

of  the  retinas,  while  the  left  occipital  Ii*he  is  the  center  for  the 

twolffi  halves  of  each  retina. — a  relation  that  agrees  conipletely 

»uh  thf  results  of  experimental  physiology  and  clinical  studies. 

In  addition  to  the  fibers  described,  which  may  be  regarded  as 

UtvifUal  fibers  proper,  there  are  other  fibers  in  the  optic  tracts 

ttd  optic  nerves  whose  physiological  value  is  not  entirely  clear. 

Tbefibcrs  of  this  kind  that  have  been  described  are:    (I)  Inferior 

wGuddcn's  commissure.     Fibers  that  pass  from  one  optic  tract 

loth«  other  along  the  posterior  border  of  the  chiasma.     These 

fi«n  form  a  commissural  band  connecting  the  two  internal 

i<^  median)   geniculate  bodies,   and   possibly  also  the   inferior 

';      It  seems  probable  that  they   belong  to  the  central 

^-..\.:y  path  rather  than  to  the  visual  system.     (2)   Fibers 

P*«in)|:  from  the  chiasma  into  the  floor  of  the  third  ventricle. 

ike  further  course  of  these  fibers  is  not  clearly  known,  Imt  it  Ls 

poaMbJe  that  they  make  citnnections  with  the  nuclei  of  the  third 

Wnrp.    They  will  be  referred  to  in  the  section  on  Vision  in  con- 

'^ction  with  the  light  reflex  of  the  iris.     (3)  A  superior  cora- 

^urt.    Several  observers  have  claimed  that  there  is  a  com- 

ittiniral  band  along  the  anterior  margin  of  the  chiasma  which 

^QttOMts  one  optic  nerve  or  retina  with  the  other. 

There  are  many  ]X)ints  in  connection  wdth  the  course  of  the 
Vic  fibers  and  the  physiology  of  the  different  parts  of  the  occip- 
iUl  eoit^x  which  are  unknown  and  require  further  investigation. 
Some  of  these  jwints  may  be  n^ferred  to  briefly. 

The  Amount  of  Decussation  in  the  Chiasma. — According 
to  the  schema  given  above,  half  of  the  fibers  in  each  optio  nerve 
dseoante  in  the  chiasma.  There  Is,  however,  no  positive  proof 
Ikat  the  division  of  the  fll)ers  is  so  s>'nunetrically  nmde.  In  the 
low  irertebrates, — fishes,  amphibia,  reptiles,  and  most  birds — 
tbe  tioaeung  is  said  to  be  complete,  while  in  the  mammalia  a  certain 
tMoportion  of  the  fibers  remain  in  the  optic  tract  of  the  same  side. 
IB  a  geoeral  way,  it  would  apj>ear  that  the  higher  the  animal  is 
in  (he  scale  of  development  the  larger  is  the  numl^er  of  fibers  that 
do  not  crosB  in  the  chiasma.  At  least  it  is  true  that  a  larger  num* 
14 
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IxT  reiiKiiii  uncrosseil  in  man  than  in  any  of  the  mamnialia,  and  it  1* 
also  possible  or  probable  that  the  extent  of  decussation  in  man 
shows  individual  ^lifferences.     There  seems  to  ho  no  acceptable 
suggestion  regarding  the  physiologit^al  vahie  of  this  partial  decus- 
sation other  than  that  of  a  prol:)abIc  relation  to  binocular  vision.  It 
has  been  used  to  explain  the  phy si ol optical  fact  that  simultaneous] 
stimulation  of  symmetrical  points  in  the  two  retinas  gives  us 
single  \dsual  sensation. 

The  Projection  or  Localization  of  the  Retina  on  th 
Occipital  Cortex. — It  would  seem  most  probable  that  the  paths 
from  each  spot  in  the  retina  terminate  in  a  definite  region  o£ 
the  occipital  cortex,  and  attempts  have  been  made  by  various 
methods  to  determine  this  relation.     According  to  Henschen,*  th< 


:  ^V- 


AX 


e^> 


;#To/'- 


m 


1 


^<  V^y  s,i   / - 


Hk.  93. — Pprimet«r  6cldfl  id  ouadr&nt  bcmianopia.  Tbe  otjtlJDe  of  the  vimiid  Belih 
!•  given  by  the  dotted  lintrs.  BtintiDosH  iii  tbe  left  uppor  quadr&Dtji;  cortical  haioa  to  and 
betow  the  colcariue  fiasurc  (takfiu  frutn  Becvor  imd  Collior). 

visual  paths  in  man  end  around  the  calcarine  fissure  on  the  mesial 
surface  of  the  brain,  and  this  portion  of  the  occipital  lobe  should 
l>e  regarded  as  the  true  cortical  terminus  of  the  optic  fibers. 
There  seems  to  be  much  evidence,  indeed,  that  the  immedi- 
ate ending  of  the  optic  paths  lies  in  this  region.  Thus, 
Donald.sonf  found,  upon  examination  of  the  brain  of  Laura 
Bri<lgnian,  the  blind  deaf-mute,  that  the  cuneus  eapK?cially 
showed  marked  at  rophy,  and  Flechsig,  J  l>y  means  of  the  myoliniza- 
tion  metiiod.  arrived  at  the  conclusion  that  the  optic  fil)ers  end 
chiefly  along  the  margin  of  the  calcarine  fissure.  Clinical  cases 
are  frequently  quoted  in  which  lesions  of  the  region  of  the  calcarine 
fissure  were  followed  by  a  more  or  lens  complete  hemiopia.  When, 
as  seems  to  be  the  most  common  occurrence,  such  lesions  occur 
above  the  fissure,  in  the  cuneus,  or  below  the  fistture,  in  the  («>tus 
lingualis,  the   resulting    hemiopia  is  confined  to    corresponding 

•  Henfldi*'n.  "Brain/'  1893,  170. 

t  IXtTiulflsim,  ".Xnicrioiin  Joiima!  of  Pliyaiology,"  181)2,  4. 

X  Flctibsig,  "Localisation  der  gcistigen  Vorgange,"  Leipsig,  1896. 
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qotdnnU  ol  the  retina,  and  is  dcsi^ated  frequently  iis  quadrant 
heaio|Ra  (see  FJjC-  93).     It  has  been  assumed  that  tho  fibers  from 
tfa  Iffrm  end  perhaps  in  the  fissure  itself — according  tx)  some 
intbon  (Henachen),  along  the  anterior  third  of  the  fissure,  according 
Ittotken  (Schmid  and  Laqueur*)  along  the  posterior  portion  of  the 
iMBR.     Moreover,  since  unilateral  lesions  in  this  region,  however 
oGtfliaTe,  do  not  cause  complete  blindness  in  the  fovea,  it  has 
bmaoi^xiBed  that  this  important  part  of  the  retina  is  bilaterally 
icpRKDted  in  the  cortex,   so   that   comi)lete  foveal  blindness — 
thk  i9r  btindness  of  the  centers  of  the  visual  fields- -can  only 
OMTWben  both  occipital  lobes  are  injured  in  the  region  of  the 
cikuiiw  fiasure.     While  the  general  oi)inion  seems  to  be  that  this 
hiUuuDed  region  is  the  main  cortical  ending  of  the  retinal  fibers, 
fl^iedall)'  of  those  arising  from  the  foveal  area,  other  observers 
that  the  entire  occipital  cortex,  lateral  as  well  as  met^ial 
must  be   reganlcd   as   the  cortical   termination  of  the 
viml  paths,  and  that  even  the  foveal  j>ortion  of  the  n-tina  is  con- 
nartcd  with  a  wide  area  in  this  lobe.     Those  w*ho  hold  this  view 
oplain  the  known  fact  that  lesions  in  the  region  of  the  calcarine 
famit  give  the  most  permanent  condition  of  heniiopia.  on  the 
nwr  that   these  lesions  involve  the   underlying   fibers  of  the 
owipitothalamic    radiation.     Monakow.f   for  instance,    points 
out  that  while  extensive  lesions  of  the  occipital  cortex  on  both 
•da  leave,  with  a  few  exceptions,  some  <iegree  of  central  vision, 
■oeans  are  rejKjrtetl  of  cortical  lesions  involving  only  or  mainly 
tJ»  mon  in  the   macular  region.     He,  therefore,  argues  that 
^^t  the  paths  from   the  retina  to  the  lower  visual  centers 
(htend  geniculate)    may   be  isolated,  the   further  connections 
wtlli  the  cortex  must  be  widespread.     The  cortical  center  for 
icl  vLiion  according  to  this  view  is  not  limited  to  a  narrow 
but  must  involve  a  large  region  in  the  occipital  cortex. 
fl  tB  difficult  to  reconcile  this  view  with  the  ideas  of  isolated 
oonduction  and  specific  function  of  each  part  of  the  cortex.     Some 
Additional  fact«  of  inti^rest  have  l>een  obtained  from  ex]>eriment8 
ving  the  stimulation  of  the  occipital   cortex.     Stimulation 
i«  kind  causes  movements  of  the  eyes,  and  the  movements 
vary  with  the  place  stimulated.  {     iStimulation  of  the  upper  border 
th^  Mie  causes  movements  of  the  eyes  downward,  stimulation 
||m»  lower  border  movements  upward,  and  of  intermtxliate  regions 
t<<  to  the  side,     .\ssuming  that  the  direction  of  the  move- 
is  toward  that  jiart  of  the  visual  field  from  which  a  normal 
ittimuias  would  come,  it  is  evident  that  movements  of  the 

^Sebmid  »n«1  UM|U#*«r.  "Virohow'a  Arohiv.'*  loS.  1900. 
'hMoQAkonr.  luc.  cit.,  also  "  ErKcbnisse  d.  Phviiiologie/'  1007. 
tScMTct,  **Brmin,"  U,  1,  1S89,  and  13,  165,  1890. 
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eyes  downward  would  imply  stimulation  of  the  upper  half  of  tlie 
retina,  since  objects  in  the  lower  part  of  the  visual  field  form  their 
image  on  the  upper  half  of  the  retina.    This  fact,  that  stimulation 
of  the  occipital  cortex  causes  definite  movementaj>f_the  eyeballa, 
seemg^toTmply  that  there  are  efferent  fibers  in^jheoccipitothat- 
amic  radiation  running  from  the  occipital  cortex  toTEe  midbrain, 
whgre  they  maka  connfytinns  ffiitb-the  motor  nuclei  of  the  third, 
fourth,  and  sixth, cranial  nerves. 

The  Function  of  the  Lower  Visual  Centers. — The  first  ending 
of  the  optic  fibers  lies  in  the  lateral  geniculate  and  to  a  lessei 
extent  in  the  thalamus  and  superior  colliculus.  It  is  conceiv- 
able, of  course,  that  some  degree  of  visual  sensation  may  be 
mediated  through  these  centers.  Goltz  observed  that  in  doge 
with  the  cerebrum  removed  the  animals  showed  a  constrictioc 
of  the  pupils  when  a  bright  light  was  thrown  upon  the  eyes  o" 
even  closed  the  eyes.  It  is  the  general  belief  that  reactions  oi 
this  kind  are  mechanical  or  unconditional  reflexes  accompanied  hy 
no  higher  psychical  reaction  than  in  the  case  of  spinal  reflexes. 
The  exiatfiucain  the  midbrain^Tthe-motor  nuclei  ollhethird  nerve, 
and  of  the  medial  longitudinal  fasciculus  throughtt'bich~cgn- 
nections  are  establij^hptd  with  the  mot.nr  rmpTpTnf  other  cranial 
nervegfTurnishes  us  with  a  possible  reflex  arc  through  which  the 
visual  impulses  brought  into  the  lower  opliaj^finters,  especially 
the  superior  colliculus.  may  prusp  co-ordinated  movements  of 
the  eyes  or  of  t^«>  Hparl  Usually  it  is  assumed  that  conscious 
viSiial  sensations,  and  especially  visual  associations  and  mem- 
ories, are  aroused  only  after  the  impulses  reach  the  occipital 
cortex.  In  the  fishes  the  midbrain  forms  the  final  ending  of  the 
optic  fibers,  and  in  these  animals,  therefore,  whatever  psychical 
activity  accompanies  the  visual  processes  must  be  mediated 
through  this  portion  of  the  brain.  In  the  higher  animals,  how- 
ever, the  development  of  a  cerebral  cortex  is  followed  by  the 
evolution  of  the  occipitothalamic  radiation,  and  as  the  connec- 
tions of  the  occipital  cortex  increase  in  importance,  those  of  the 
midbrain  (with  the  optic  fibers)  dwindle  correspondingly.  Here, 
as  in  other  cases,  the  psychical  activity  is  concentrated  in  the  por- 
tions of  the  brain  lying  most  anteriorly,  and  doubtless  the  degree 
of  consciousness  is  greatly  intensified  in  the  higher  animals  in  cor- 
respondence with  the  development  of  the  cerebral  cortex,  whose 
striking  cliaracteristic  is  its  capacity  to  evoke  a  psychical  reaction. 

The  Auditory  Center. — ^The  location  of  the  auditor\'  area  has 
been  investigated  along  lines  similar  to  those  used  for  the  visual 
center.  The  experimental  physiological  work  has  yielded  varying 
results  in  the  hands  of  different  observers,  Munk  and  Femer 
placed  the  cortical  center  for  hearing  in  the  temporal  lobe,  and 
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^kipite  of  negative  results  by  Schafer  and  others  this  localization 

I  ben  shown  to  be  gnbstiintially  rorrort.     Entire  ablation  of 

I  temporal  lobes  is  followed  by  complete  deafness.    Ablation 

1  ooc  fflde,  however,  is  followed  only  by  inipairnicnt  of  hearinf?. 

I  b  the  light  of  the  results  from  histolog}'  and  from  the  clinical 

Fit  seems  probable  that  the  connections  of  the  auditor}'  cortex 

itheeftT  follow  the  general  schema  of  the  optical  system  rather 

rttin  that  of  the  botly  senses.    That  is,  it  is  pmbablc  that  the 

ffMMcior  nuoleua. 


IMt«ra's  Dueleos. 

D«>n«I  nucleua. 
Ventrul  nudcuft. 


Codileiftr  brandk. 


XulibulAT  branch. 


Samfdrculu* 
caualij. 


fSj  ••. — ^TTw  iD*(lall»ry  nucln  of  the  Wghih  own'*. — (Prom  Foitr^  and  C%arpy.) 


inditory  fibers  from  each  ear  end  partly  on  the  same  side  and 
partijr  or  mainly  on  the  opposite  side  of  the  eerel^rum.  The  exact 
fnrtiOD  of  the  temporal  lobe  that  serves  as  the  cortical  terminus 
of  the  auditor>'  tract  of  fil>ers  cannot  be  determined  with  certainty, 
,  it  seems  probable  that  it  lies  mainly  in  the  sujierior  temporal 
I  Mid  the  transverse  gyri  extending  from  this  into  tJie  lateral 
of  the  cerebnmi  (fissure  of  Sylvius). 
The  HiMiiloqiml  Emdences. — (^n  the  histological  side  the  paths 
luflitory  fibers  have  been  followed  with  a  large  measure  of 
although  in  many  details  the  opinions  of  the  differ- 
invc»»tigators  var>'  considerably.       The  eighth  cranial  ner\'e 
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springs  from  the  bulb   by  two  roots:    the   external    and  the 

internal.  The  former  has  been  shown  to  supply,  mainly  it 
least,  the  cochlear  portion  of  the  internal  ear,  and  is,  there- 
fore, the  auditory  nerve  proper.  This  division  is  spoken  d 
as  the  cochlear  branch.  The  internal  root  supplies  mdnlj 
the  vestibular  branch  of  the  internal  ear,  and  is,  therefore, 
spoken  of  as  the  vestibular  branch  (see  Fig.  94).  It  seems  ce^ 
tain  that  the  latter  is  not  an  auditory  nerve,  but  is  concerned 
with  peculiar  sensations  from  the  semicircular  canals  and  vestibule 
that  have  an  important  influence  on  muscular  activity,  especially 
in  complex  movements.  The  central  course  of  these  two  roots  is 
quite  as  distinct  as  their  peripheral  distribution, — a  fact  that  bean 
out  the  supposition  that  they  mediate  different  functions.  T^ 
vestibular  branch  ends  in  the  nucleus  of  Deiters,  the  nucleus  c 
BeFhterew,  and  the  nucleus  fastigii  of  the  cerebellum.  Throug 
these  nuclei  reflex  connections  are  made  with  the  motor  centeJ 
of  the  cord  and  midbrain,  and  probably  also  with  the  cerebeliun 
The  path  is  not  known  to  be  continued  forward  to  the  cerebnint 
The  central  course  of  the  cochlear  branch  is  indicated  schematicaD^ 

in  Figs.  94  and  95-  Thi 
fibers  constituting  thL 
branch  arise  from  nerv< 
cells  in  the  modiolus  o: 
the  cochlea, — the  spira 
ganglion.  These  cells 
like  those  in  the  poste 
rior  root  ganglia,  are  bi 
polar.  One  axon  passe 
peripherally  to  em 
around  the  sense  cell 
of  the  cochlea,  at  whici 
point  the  sound  wave 
arouse  the  nerve  im 
pulses.  The  other  axoi 
passes  toward  the  pons 
forming  one  of  the  fiber 
of  the  cochlear  branch 
On  entering  the  pon 
these  cochlear  branche 
end  in  two  nuclei,  on< 
lying  ventral  to  the  res 
tiform  body  and  knowi 
as  the  ventral  or  acces 
sory  nucleus  (F.n,,  Fig 
95),  and  one  dorsally,  known  as  the  dorsal  nucleus  or  the  tuber 
culum  acusticum  (D.n,).    From  these  nuclei  the  path  is  continuec 


Fift.  85. — DiBRrara  to  show  central  course  of 
auditory  fibera  (modified  from  Van  Gehuchten): 
D.n.,  Don*al  iiucleuH  giviiiK  rii«  to  the  fibers  that 
form  the  medullary  striae  {a.s.):  I'.n..  the  ventral 
nucleus,  giving  origin  to  the  fibers  of  ttie  corpus 
trapezoideum  {cAr.);  s.o.,  Buperior  olivary  nucleus; 
l.f.,  lateral  temnispus;  n.s..  nucleus  of  the  lateral 
lemniscus;  l.g.i..,  the  inferior  coUiculus. 
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fMOOdary  sensor}^  neuron^!,  and  it.s  further  course  toward  the 
ih  0tiU  a  matter  of  ranch  uncertainty  in  regard    to  many 
M  tke  detailft.*    The  general   course  of   the  fibers,  however,  is 
Iknown.    Those  axons  that  arise  from  the  accessory  nucleus  pa&s 
I  Bwnly  to  the  opposite  side  by  slightly  different  routes  (Fig.  95). 
Some  strike  directly  across  toward  the  ventral  side  of  the  pons, 
hrmiog  a  conspicuous  band  of  transverse  fibers  that  has  long 
ben  blown  as  the  corpus  trapezoideum;  othei-s  pass  dorsully 
anMtDd  Ibe  rfe^tiforrn  body  and  then  course  downward  through 
ik  tegmental  region  to  enter  the  corpus  trapezoideum.     The 
fibers  of  this  cross  band  end,  according  to  some  observers,  in 
ctruin  nuclei  of  gray  matter  on  the  opposite  side  of  the  pons, 
ttpeeially    in   the   sui)erior    olivary   body   and   the    trapezoidal 
■odctti,  and  thence  the  path   forward  is  continued  by  a  third 
seonm.    Certainly  from  the  level  of  the  8uj)enor  ohvar>'  body 
thewditory  fibers  enter  a  distinct  tract  long  known  to  the  anat- 
omic and  designated  as  the  lateral  fillet  or  lateral  lemniscus. 
Aatkora  differ  as  to  whether  the  auditory  fibers  of  this  tract  arise 
fiwan  nerve  cells  in  the  8Uf>erior  olivary  and  neighboring  nuclei, 
Of  ire  the  fibers  from  the  accei^sory  nucleus  which  pass  by  the 
•^leri()r  olivary  body  without  ending  and  then  bend  to  run  for- 
»*rd  in  a  longitudinal  direction.     This  last  view  is  refjiesented 
^  ibc  schema   (P'ig.   95).     The  secondary  sensciry   fibers  that 
»nae  in    the    tuberculuni    acuslirum    pass    dorsally    and    then 
lUiwversely,  forming  a  band  of  fibers  that  comes  so  near  to  t!ie 
Huface  of  the  floor  of  the  fourth  ventricle  as  to  form  a  structure 
^iftblf  to  the  eye  and  known  as  the  medullary  or  auditory  stria'. 
The  fil>er8  of  this  system  dip  inward  at  the  raph^,  cross  the 
iniMine,  and  a  part  of  them  at  least  eventually  reach  the  lateral 
Ipmniscufl  of  the  other  side  either  with  or  without  ending  first 
iround  the  cells  of  the  superior  olivary  nucleus.     According  to 
tha  description  of  some  authors,  the  fibers  from  the  accessory 
Bsdeus  and  tuberculum  acusticum  do  not  all  cross  the  mid-line 
to  rcAch  the  lateral  lemniscus  of  the  other  side;  some  of  them 
pmsB  into  the  lateral  lemniscus  of  the  same  side;  so  that  the 
jelftlionB  of  the  fibers  of  the  cochlear  ner\'estothe  lateral  lemnis- 
resemble,  in  the  matter  of  crossing,  the  relations  of  the  optic 
to  the  optic  tract.     After  entering  the  lateral  lemniscus 
tb9  Midttory  fil>er8  pass  forward  toward  the  midbrain  and  end 
in  paxt  in  the  gray  matter  of  the  inferior  collicidus  and  in  part  in 
the  median  or  internal  geniculate,  and,  according  to  Van  Gehuch- 
teo,  partly  also  in  a  small  mass  of  nerve  cells  in  the  midbrain  known 

*  For  literature,  see  V&n  Gehuchten,  "Le  N^vraxe,"  4,  253,  1903,  and 
a  137,  1906. 
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a.s  the  jsuperior  nucleus  of  the  lemaist-us.  From  this  second  or  thinl 
termination  another  set  of  fibers,  the  auditory  radiation,  contmues 
forward  through  the  inferior  extremity  of  the  internal  capsule  to  end 
in  the  superior  temporal  gyrus  (see  Fig.  82^  E).  According  to 
Flechsig,*  who  has  studied  the  course  of  tliese  fibers  in  the 
embryo  l>y  the  myelinization  method,  the  main  group  pos^ 
from  the  median  gemculatea  to  the  transverse  gyri  of  the  teiD- 
poral  lobe  within  the  lateral  fissure  of  the  cerebrum  (fi;ssure 
of  iSylvius).  The  median  geniculates,  in  man  at  least,  have, 
therefore,  the  function  of  a  subordinate  auditory  center,  as  the 
Literal  geniculates  have  the  function  of  a  subordinate  visu&l 
center.  The  median  geniculates  are  connected  with  the  inferior 
colliculus,  and  also,  it  will  be  remembered,  with  each  other,  by 
commissural  fibers  (Gudden's  commissure)  that  pass  along  the 
optic  tracts  and  the  inferior  margin  of  the  chiasma.  The 
?iu|)jtxirv  path,  therefore,  involves  the  following  structures: 
Tfie  spiral  ganjiLtnTi.  ttie  cctclilear  nerve,  accessory  nucleus  and 

1  ^j-i  n_j^  f  ',.1  — t 

tuberculuni  acu-sticuiu,  coj-pu^  ti:^pey.indei]m.  medullary  stria?, 
Hiinf^rtnr  nlivary,  lateral  leioniscus,  inferior  cotliculusTjnedian 
geniculate,  Gudden's  commissure,  amlltoi^'  THdiation,  and 
temporj^l  cortex.  " 

The  Motor  Responses  from  the  Auditory  Cortex. — According 
t<.>  Ferrier,  Ktiinulalion  of  t\w.  cortex  of  the  teinpural  lobe  (inferior 
convolution)  causes  definite  mi^vements,  such  as  pricking  of 
the  ears  and  turning  of  the  head  and  eyes  to  the  opposite  side. 
As  in  the  case  of  the  vLsual  area,  therefore,  we  must  suppose  that 
distinct  motor  path.s  originate  in  the  audltorv'  region,  and  it  ia 
natural  tc  suppose  that  these  paths  give  a  means  for  cortical  reflex 
movcmentj^  following  upon  auditor}'  stimuLation. 

The  Olfactory  Center. — The  olfactory'  sense  is  quite  un- 
equally developed  in  tiifferent  mammals,  Broca  diWded  them  from' 
this  standpoint  into  two  classes:  the  osmfttir  and  the  anosmatio 
group,  the  latter  includinK  the  cetaeea  (whale,  p4»rpoise,  dolpliin). 
The  osinatic  ^irnup  in  turn  has  been  divided  into  the  microsraatic 
and  macrosmatic  animals,  the  latter  class  including  those  aiumak 
in  which  the  sense  of  smell  is  highly  developed »  such  as  the  dog 
and  rabbit,  wliile  the  former  includes  tliose  animals,  such  a^  man, 
in  which  this  sense  is  relatively  rudimentary. f  The  peripheral  end- 
organ  of  .Hmell  consists  of  the  olfatrtory  epithelium  in  the  upper 
portion  of  the  nasal  chambers.  The  physiolog>'  of  this  organ  will 
be  considered  in  the  section  on  special  senses.  The  epithelial 
cells  of  which  it  consists?  are  comparaI>le  to  bipolar  ganglioa 
cells.     The  processes  or  hairs  that  project  into  the  nasal  chamber 

•  Flechsig.  '*  T>oraliaation  dor  Keiatiffcn  VorgunKc."'  Leipzig.  1896. 

t  See  Barker,  "  The  Nervous  System/'  1899,  for  references  to  litcriiture. 
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IR  vned  upon  by  the  olfactory  stimuli,  and  the  impulses  thus 
IRUied  are  conveyetl  by  the  basal  processes  of  the  cells,  the  olfac- 
toy  fibers,  through  the  cribriform  plate  of  the  ethmoid  bone  into 
tfae<iUftctor>'  bulb. 

The  Olfactory  Bulb  and  its  Connections. — Tlie  olfactor>' 
bulbs  aw  outgrowths  from  and  portions  of  the  cerebral  hemi- 
^ihBH.  Each  bulb  is  connecte<i  with  tJie  cerebral  hemispheres 
bg^  hi  olfactory  tract.    The  connections  establislied  by  the  lil>ers 
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gf  Jj$.  M. — DU«ram  of  the  central  fonr*e  of  th«  olnnciory  fiber*:  /,  Olfactory  bulb; 
AjJMory  tr»cc :  ///.  c^^rtcx  of  th«  hipptK*atnMl  lobe  (KyrusuncinAtUfi);  /V',aat«riof 
j^i^W,  oUft«tory  portion;  A,  nlfactnry  ei>jtbeIiiU  o^la  of  none  (th«ir  nbere,  olfactory 
WVI'hbi*  ton&iiuU*  in  the  slcnteruli  of  the  bulb) ;  fi,  rioraeruli  of  olfactory  bulb  wliera 
^fib^BtT  than  oome  iu  contuL-t  with  Uie  ilentlritea  of  the  mitral  oeUs;  C,  mitral  and 
■VblH;  I.  ^  3t  axoiu  frum  the  mitml  celU  conMiiutinK  the  fibers  of  the  olfurfory 
iMC-  9mn  3.  wUch  «Dter  the  comniiMure,  arit«,  according  to  aoDie  obeervera,  frotn 
■li  k  Urn  olfactory  tob*  oear  tbm  baa*  of  tbe  tract. 

of  this  tract  are  widespread,  complicated,  and  in  part  incora- 
pkMy  fccnown.  All  those  portions  of  the  brain  connected  with  the 
mnae  of  amell  are  sometimes  grou|>e<i  together  as  the  rhinenceph- 
$latL  .Acconhng  to  von  Kolliker,  the  parts  included  under  this 
lion  are,  in  addition  to  the  olfactory  bulb  and  tract,  Am- 
'a  born,  the  fascia  dentata,  the  hippocampal  lobe,  the  fornix,  the 
m  pcUucidum,  and  the  anterior  commissure.  The  schematic 
tions  of  the  olfactory  fil)ers  are  as  follows  (Fig.  96):  After 
ferine  the  olfactor>'  lolx*  the  fillers  terminate  in  certain  globular 
,  the  glomeruh  olfatrtorii  (^). whose  diameter  varies  from  0.1  to 
Here  connections  are  made  by  contact  with  the  dendrites 
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of  nerve  cells  of  the  olfactory  lobe,  the  mitral  and  brush  cells  (C). 
The  axons  of  these  cells  pass  toward  the  brain  in  the  olfactory  tnct. 
Three  bundles  of  these  fibers  aredisLinguished:  (1)  The  precommis- 
sural  bundle,  the  fibers  of  which  terminate  in  part  in  ner\'e  celb  siU 
uatcd  in  the  tract  itself,  but,  for  the  most  part-,  enter  the  anterioi 
commissure  and  pass  to  the  same  or  the  opposite  side,  to  end  in  the 
hipporampal  lobes  or  other  gray  matter  belonging  to  the  rhinea- 
cephaloa.     (2)  The  mesial  bundle,  the  fibers  of  which  terminate 
in  the  gray  matter  adjacent  to  the  hwsG  of   the   olfactory   tract, 
the  tuberculum  olfactoriimi,  whence  the  path  is  probably  continued 
by  other  neurons  to  the  region  of  the  hippocampal  lobe,     (3)  The 
lateral  tract,  whose  fibers  seem  to  pass  to  the  hippocAmpal  lobe  of 
the  same  side.    According:  to  Van  Gehuchten.*  none  of  the  fibers 
of  the  anterior  commissure  arise  from  t!ie  nerve  cells  in  the  olfactory 
bulb.     He  considers  that  the  fibers  in  the  oUactory  portion  of  this 
commissure  constitute  an  association  system  connecting  the  olfac- 
tory lobe  of  one  side  with  the  olfactorj'  bulb  of  the  other  aide. 

The  Cortical  Center  for  Smell. — 8o  far  as  the  histological 
evidence  goes,  it  tends  to  show  that  the  chief  corticid  terminatiou 
r>fhhf>  nlf:t.ftrtry  p;j,ths  is  found  in  the  hippocamoal  conVntOTlon , 
especially  Jt^j  distal  portion,  the  uncus.  The  experimental  evi- 
(fence  from  the  side  (U  physiology  points  in  the  same  direction. 
Ferrifr^^t-it^f  tlwit  filf^-tnVitl  stjmn^tinn  in  this  region  isjollowed 
by  a  torsion  of  the  lips  andju>!Stnls  of  the  same  jiide,  muscular 
mo'vemenTs  that  acf'om[)anyjisiiAlly  strong  olfactory  sensations. 
On  the  otherTiahd,  ablalriona  of  these  regions  are  followed  by  do 
fects  in  the  sense  of  smell.  The  experimental  evidence  is  not  very 
satisfactorj',  oiAing  to  the  technical  difficulties  in  operating  upon 
these  portions  of  the  brain  without  at  the  same  time  involving 
neighboring  regions.  There  is  some  clinical  evidence  also  that 
lesions  in  this  region  involve  the  sense  of  smell.  Thus  Carbonieri 
records  that  a  tumor  in  this  portion  of  the  temporal  lobe  occa- 
sioned epileptic  attacks  which  were  accompanied  by  nauseatiiig 
odors. 

The  Cortical  Center  for  Taste  Sensations.— Practicjilly 
nothing  definite  is  known  concerning  the  central  paths  and  cortical 
termination  of  tlic  taste  fibers.  Tlie  course  of  these  fibers  in  the 
peripheral  nerv'cs  has  been  much  investigated  and  the  facts  are 
raentionetl  in  the  section  upon  '^special  senses."  It  is  usually 
assumed,  although  without  much  decisive  proof,  that  the  cortical 
center  lies  also  in  the  hippocampal  (-onvolufiinn  i>ost-ftnor  to  the 
aiTa_.of r-ttifaction .  Experimental  lesions  in  this  region,  according 
to  Ferrier,  are  accompanied  by  disturbances  of  the  sense  of  taste. 
On  embr}'ological  grounds  Fleclisig  supposes  that  the  cortical 
*  Van  Gebuchten,  "Le  N^vraxc/'  6,  191,  1904. 
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may  lie  in  the  posterior  portion  of  the  gyrus  fomicatus 
,  Fir  00). 

Aphasia* — The  term  aphasia  means  literally  the  loss  of  the 
povtfof  speech.  It  was  used  originally  to  indicate  the  condition  of 
tbofp  who  from  accident  or  disease  affecting  the  brain  hsul  last  in 
pv\  or  entirely  the  power  of  exi^ressing  themselves  in  spoken  words, 
bm the  term  as  a  general  expression  is  now  extendeil  to  include  also 
Ifaoie  who  are  unable  to  understand  sjwken  or  wTitten  language — 
tkiiis,  those  who  are  word-blind  or  woni-<leaf.  It  is  usual,  there- 
fore, to  distinguish  sensory  aphasia  from  motor  aphasia.  By  the 
htttf  tyrmigJi^eant  the  couditioa  of  those  who  are  ^nahlp  \jn  s\yetkk, 
titbou'j  is  no  paralysis  of  the   muscles  of  articulation, 

and  1a  -   aphasia,  th(^e  who  are  unable  to  understand  the 

•httgn,  printed,  or  spoken  symbols  of  words,  although  there  is  no 
^IttiN*  ««"«'  '^f  \\v^v  "''  n^  KoQt-;Tijr 

Motor  Aphasia. — A  condition  of  motor  aphasia  not  infrequently 
nnltBfrom  injuries  to  the  head  or  from  hemorrhage  in  the  region 
ottbf  middle  cerebral  artery.  The  first  exact  statement  of  tlie 
portion  of  the  brain  involve*!  seems  ti>  have  been  made  by  Bouil- 
tad  (1825),  who.  as  the  result  of  numerous  autopsies,  attributed 
^defect  to  lesions  of  the  frontal  lobe. 

(It  b  a  curious  fact  that  Bouillaiid'B  observations  were  inspired  by  the  work 
ifGitt.  Gall  haWng  oliserved,  as  he  thought,  thut  individuals  who  arc  Hucnt 
9Mkmor  who  have  rptcntivc  rucmorics  arc  characterized  hy  projerliiig  oyc», 
Mdaded  that  this  pecuUarity  is  due  1o  the  larger  ^ize  of  the  lower  purl  of  the 
tmui  bbc,  and  he  therefore  located  the  faculty  of  speech  in  this  r^ion  of  the 
inn.  In  dpite  of  the  vagaries  into  which  he  wu:^  led  by  his  false  methods  Gull 
■iidi  nuoy  most  important  contributions  to  our  knowledge  of  the  anatomy  of 
tebnia  and  the  cord.  The  discovery  of  the  location  of  the  center  of  (i{)eech, 
fcwww,  oumot  be  rightly  placed  to  his  credit,  pinrc  his  rcu.son»  for  its  location 
^1^  »  far  aa  we  know,  entirely  unjustififHl.  It  cannot  l>e  reckoned  us  more 
Ulna  fiotocidenoe  that  in  this  particular  his  phrenological  locoUzution  was 
iftvMaiil  in  a  measure  justified  by  facts.) 

The  enaential  truth  of  Bouillaud's  observatioas  was  established 
other  observers,  and  Broca  located  the  part  of  the  brain  in- 
in  these  lesions  in  the  post<*rior  part  of  the  third  or  inferior 
convolution.  He  described  conditions  of  pure  motor 
designated  by  him  as  aphemia,  which  he  thought  were  due 
to  laiiofkS  in  this  g>'rus.  This  rei^ion  is,  therefore,  frequently 
launm  mi  Broca*s  convolution  or  Broca's  center.  Subsequent  ob- 
imraUons  have  tended  to  confirm  this  locahzation,  and  what 
daagnated  as  the  *'  speech  center  "  has  betm  placed  in  the 
laffrior  frontal  convolution  in  the  jcyrus  surrounding  the  anterior 
Moending  limb  of  the  lateral  fissure  (fissure  of  Sylvius,  5, 
97).  Many  authors  insist  that  this  localization  is  too  limited, 
that  defects  in  the  power  of  spe^H'h  may  result  not  only  from 
injuries  to  this  region,  but  also  from  lesions  of  contiguous  areas, 


220  PHYSIOLOGY    OF   CENTRAL    NKRVOUB    SYSTEM- 

including  the  anterior  portion  of  the  island  and  the  opercular  por- 
tion of  the  central  convolution.     Autopsies  have  shown  thai  in 
right-handed  persons  the  speech  center  is  placed  or  is  functionil 
usually  in  the  left  cerebral  hemisphere,  while,  on  the  other  hand,  it 
is  stated,  although  hardly  demonstrated,  that  in  the  case  of  left- 
handed   indiviJuals  apha^iia   is  produced   by    lesions   involving 
the  right  side  of  the  brain.     This  region  is  not  the  direct  cor- 
tical motor  center  for  the  muscles  of  speech.     It  is  possible  that 
aphasia  may  exist  without  paralysis  of  these  latter  muscles.     Ttb 
rattier  the  memory  center  of  the  motor  inner\'ations  necessan^  to 
form  the  appropriate  sounds  or  words  y{'\th  which  wp  h^vt'  iPAriTfg^ 
to  exprej^a  certain  concept-s.    The  child  is  taught  to  express  certain 
ide-asJ>Y  definite  words^^d  the  memory  apparatus  thrdugB~whicb 
these  associations  are  transmitted  to  tlie  motor"  apparatus  m^'  be 
conceived  as  located  in  the  spe^f^h  pf^ntpf—  -hpgrnn>^  nf  any  kind 
affecting  this  area  will,  therefore,  destroy  more  or  less  the  ability 
to  use  appropriately  spoken  words,  and  clinical  experience  show's 
that  motor  apliasiu  may  he  exhibit-c^d  iti  all  <le(irees  of  complete- 
ness and  in  many  curious  varieties.      The  individual  may  retain, 
the  power  to  use  a  limited  number  of  words,  with  which  he  ex-  i 
presses  his  whole  range  of  ideas,  as,  for  instance,  in  the  case  de^ 
scribed  by  Broca,*  in  which  the  individual  retained  for  the  ex- 
pression of  numbers  only  the  word  "  three,"  and  was  obliged  to 
make  this  word  ilo  dut>'  for  all  numerical  concepts.     Other  cases 
are  recordetl  in  which  the  patient  had  tost  only  the  power  to  use 
names — that  is,  nouns  ("  Marie  ")— or  could  remember  only  the 
initial  letters,     (.others  still,  in  which  wor<!s  eoul*l  be  used  only 
when  associated  with  musical  memories,  as  in  singing;  or  in  which 
the   words  were  misused  or  employed    in   wrong   combinations 
(paraphasia).     Motor   aphasias  have  been   classified   in   various 
ways  to  suit  the  different  schemata  which  have  been  invented  to 
explain  the  cerebral  mechanism  of  speech,  but  the  whole  subject 
is  in  reality  so  complex  that  most  of  these  classifications  must  be 
received  with  caution.     There  seems  to  be  no  doubt,  however,  that 
a  condition  of  what  may  Ije  called  pure  motor  aphasia  may  result 
from  localiKe*!  injuries  to  the  brain.     In  this  condition-  there  is 
loss  of  the  power  of  articulate  spee('h,  without  paralysis  of  the 
muscles  of  articulation,  and  with  the  preservation  of  what  has  been  ■ 
called  internal  language,  that  is,  the  power  to  conceive  the  ideas  for 
which    the   appropriate    verbal   expressions   are   missing.     Most 
authors  conchiile  that  this  condition  is  due  to  an  injury  or  lesion  in 
Broca's  convolution,  but  others  contend  that  the  evidence  for 

•  Exner,  "Hennaim^a  Handbuch  der  Physiologic,"  vol.  iii,  part  n,  p.  342. 
Consult  for  older  literature. 
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tkus  localisation  is  at  present  unsatisfactory.*    It  does  not  seem 

to  be  certain  whether  or  not,  in  the  case  of  nompleto  lesion  of  the 

tntaron  one  ade,  the  ability  to  speak  can  be  again  acquired  by 

niumtion  of  new  centers,  t     Some  recorded  cases  seem  to  indicate 

Uu>  re-education  is  possible  in  the  young,  while  in  the  old  it 

difficult  or  impossible.     We  express  our  thougbtK  not  only 

h  ipoken,  Ijut  also  in  written,  symbols.     As  this  latter  form  of 

ocpmniMi  involves  a  different  set   of  muscles  and  a  difff^rent 

wtorttioniil  experience,  it  is  natural  to  assume  that  the  complex 

Conceme<l  or,  to  use  a  convenient  expression,   the 

oenters,  should  involve  a  different  part  of  the  cortex.     It 

»,  in  fwt,  observed  that  in  some  aphasics  the  loss  of  the  power  of 

writing,  a  condition  designat^Hl  as  agraphia,  is  the  characteristic 

(W«i,  mther  than  the  loss  of  the  ability  to  use  articulate  language. 

Their  may  be  also,  a*s  a  result  of  cerebral  injur>%  a  loss  of  the  pf)wer 

tonake  various  kinds  of  purpogive  movements  or  c€mibHi;itioi\3 

tfaWMMnta  other  than  those  used  in  spoakinfr  nr  >vr[tu|f!-^  and 

fcrlfe  IpenCTd  condition  the  term  "  apraxia  ^'  has  beenemployod. 

Uogthis  termlh  Its  widest  sense,  pure  motor  apbasia  (aphemia) 

oi|kt  be  defined  as  an  apraxia  limited  to  the  muscles  of  arttcula- 

tXtt,  Aod  agraphia   as  an  apraxia  involving  the  movements  of 

•nting.    The  general  evidence  seems  to  show  that  these  conditions 

<i  *t>CMD*|  other  than  the  apbemia,  are  fissociate<I  with  lesions 

M jhe  first  and  second  frontal  convolutions  anterior  to  the  motor 

■J 

&iMDry  Aphama. — In  sensory  aphasia  +  the  individual  suffers 
W  an  inability  to  understand  spoken  or  written  language. 
CoDditiaas  of  this  kind  have  lieen  referred  to  lesions  in  the  cortex 
flf  the  temporal  or  temporo-parietal  region  (H  and  V,  Fig.  96), 
ad,  as  in  the  case  of  motor  aphasia,  the  lesion  is  usually  on  the 
fide.  Since  the  cortical  centers  for  hearing  and  seeing  are 
in  distinct  parts  of  the  brain,  we  should  expect  that  the 
for  the  oKsociation,  in  one  case  of  visual  memories  of 
fliyinbols  with  ivrtain  concepts,  and  in  the  other  case,  of 
ilfitoo-  memories,  should  also  be  located  in  st^parate  regions. 
fc^ljf )' t/t  iinijf^rstand  si>oken  language,  or  word-deafness,  is,  in 
il?7u'gually  attribut^'d  to  g  \\'s\i^}\\  inv.ilvinfr  t,li<' superior  or  middle 
Rtiftv^-Mif  to  thf  corticAl  sense  of 'hearing 


mponU  convolutioiL 

Bm  Flgi  97).  while  loss  of  iHjwer  to  understand  written  or  printed 
•,  woTd-bTIr^dnp«R  (^jpYJA^  is  traced  to  lesions  involving  the 


*  For  tbeee  oppooxtg  views  and  the  work  of  Marie  doc  Moutier,  "  L' Aphasia 
Biwm,"  Paris,  1908. 

{Bm  BliUa.  "Joumol  of  the  Amer.  Mod.  Assoc.."  1904.  xliii. 
Omoii  etarr,  "AphiiHiu,"  "Transactions  of  the  Confcrcita  of  An)eno4in 
and  Sunrcon*,"  vol.   1,  p.  329,   1888;  also  Monakow,  '*Gehirn- 
"  19(W;  ColliLT,  "Bmin,"  1908. 
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inferi^  parietal  coiiyolutioii,  the^^gyrus  angularis,  contiguous  to 
the  occipHal  visual  center  (V,  Fig.  97).  These  two  conditions 
may  occur  together,  but  cases  are  recorded  in  which  they  existed 
independently.  It  may  be  imagined  that  the  individual  aiiffeni^ 
from  word-blindness  alone  is  essentially  in  the  condition  of  one 
who^aI^^npls""t-p_rea^TX  foreign  language.^TIie' power  of  vision 
exists,  Ijut  the  verbal  symbols  have  no  associations,  therefore  no 
meaning.  So  one  who  is  word-tleaf  alone  may  be  corap>ared  to  the 
normal  individual  who  is  spoken  to  in  a  foreign  tongue.     The  words 

are   heard,    but  they 
Yf  have   no   associations 

with  past  experieno*. 
Sensory  aphasia  may 
be  complete  or  incom- 
plete. In  the  com- 
plete form  there  is 
word-tleafness  as  well 
as  word-blindness, and 
there  may  be  difficul- 
ties as  well  in  the  pow- 
er of  articulate  speech. 
In  the  incomplete  type  ■ 
these  s^Tuptoms  are 
exhibited  in  milder 
and  var>'ing  form. 
One  may  imagine  that 
our  ability  to  recog- 
nize external  objects 
throuRh  the  sensrt 
might  hi*  affected  in  other  ways  than  a  failure  to  comprehend  the 
visual  or  auditory  s>TnboLs,  and  some  writers,  thf^refore.  employ  the 
wider  term  agnosia  to  indicat.*^  flpy  fiiihir.^^  m  thf>  intrlltTtiinl  nH>og-^ 
nitlon  oTexternal-abjectai-^  From  this  point  of  view  word-blindne* 
might  be  tlesi^iated  as  visual  agnosia,  word-deafness  as  auditory 
agnosia,  and  astereognosjs  as  chiefly  a  tactile  agnosia.  The  exact 
localization  in  the  cortex  of  the  areas  involved  in  the  auditory  and 
visual  associations  and  perceptions  connccti'd  with  s|>eech  has  not 
been  established  definitely.  The  question  is  a  complex  and  difficult 
one,  and  those  who  have  had  the  most  experience  are  perhaps  the 
most  cautious  in  referring  word-blindness  or  word-<leafne8s  to  the 
lesion  of  circumscribed  areas  of  the  cortex.*  It  may  be  said, 
however,  with  some  certainty,  Ihi^t,  t.hp  phpnf^mpnji  s^  sensory 
aphasia  in  general  are  connected  with  lesions  involving  the  area 

*  For  a  Reneral  review  »ee  Mooakow,  "  Ergebuiuae  der  Phywologie,"  1907, 
p.  334. 
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Fie.  97. — LmtonU  view  of  a  human  bcraispbere:  cor- 
tieml  are*  V,  cUmace  to  which  pro<lur<-s  "uiiacJ-blmiJ- 
neM"  (word-blindxieM) :  cortical  areu  //,  damnKc  to  which 
produce*  "  tntnd-deafneaB"  (wordHiaaiiMin) :  cortical  area 
S,  damace  to  which  eausM  Uib  lo«  oI  artioulato  xpreoh; 
conical  area  W.  damafe  to  which  ■bojiihei  Uie  power  of 
wriling. — {DoTuUdMon.) 
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itong  the  margin:?  of  the  posterior  portion  of  the  lateral  fissure 
flbwre  of  >iylvius),  and  ext>ending  into  ihv  parietal  lohe  ns  far  as 
**ftingular  PPr'"'^i  >^nd  \^Tth  the  cortex  witlim  the  fissure  includTng 
the  cortex  uliiiMfliftD^  ~ 

TSe  gefteral  facts  regarding  aphasia  illustrate  very  well  the 
tiKor>*or  idea  usually  held  among  physiologists  in  regard  to  the  dis- 
trilmtiou  or  localization  of  mental  activity  in  the  cerebral  cortex. 
Tbr  undt^i^tanding  and  the  use  of  spoken  or  written  language  is.  so 
to  ipe&k,  a  mental  whole,  both  from  the  standpoint  of  education 
and  of  i»e.  To  understand  or  to  express  certain  conceptions  ini- 
pfiei  the  use  of  definite  words,  and  our  \isual,  auditory,  and  motor 
<npfrifpee«  are  combined  in  these  8>iiibol8.  Each  phase  of  thin  com- 
pktmay  be  cultivate!  more  or  less  separat^'ly;  in  the  case  of  the 
ulrttfred  man,  for  instance,  the  written  or  printed  H^Tnbols  fonn 
ooput  in  the  ass^jciatioos  comiected  with  his  verbal  concepts,  C^or- 
wyonding  to  these  facts  we  have,  on  the  anatomical  side^  a  portion 
d  the  brain  in  which  the  auditory  memories  are  organized, — that 
ii,  iht'v  lire  connected  in  some  way  with  a  definite  arrangement 
0^  nene  cells  and  their  processes,  another  part  in  which  the 
ritual  iiieriiorietf  are  organized,  and  other  parts  in  which  the 
BH>ior  lucmoriea  as  regards  speaking  or  writing  are  laid  down 
a  lome  definite  form.  Each  purt  is  a  distinct  center,  but 
tfcar  combined  use  in  intellectual  life  would  imply  that  they 
iit  coimected  by  association  fibers,  so  that,  aJthtuigh  fun- 
iluwDtally  distinct,  they  are  practically  combined  in  their 
•rtirity.  Corresponding  with  this  conception  it  is  found  from 
Ami  experience  that  sensor>'  aphasics  suffer  a  deterioration, 
flttt  or  lew  pronounced,  of  their  general  intellectual  capacity 
keording  to  the  extent  of  the  area  involvfsl.  We  may  believe 
tlw  the  var>*i^  l^f^^  ^^  individuals,  in  the  matter  of  the  use  of 
Ittpiaff^t  f^^t  partly  on  the  amount  of  training  received  and 
Jurtiy  on  the  inl>om  character  and  c-omplet^^ricss  of  the  nervous 
hAchiner\*  in  the  different  centers. 

The  Association  Areas. — According  to  the  views  presented 
bove,  it  will  be  seen  that  the  motor  and  sense  areas  occupy  only 
Stall  portion  of  the  cortex,  forming  islands,  as  has  been  said, 
jfTDQiided  by  much  larger  areas.  Ilechsig*  has  designated  these 
aa  association  areas,  and  has  advocated  the  view  that 
the  portions  of  the  cortex  in  which  the  higher  and  more 
mental  actixities  are  mediated,  the  true  organs  of  thought. 
Isws  as  to  the  relations  and  physiological  significance  of  these 
havie  been  based  chiefly  on  the  jtudy  of  the  embryo  brain 
rtfcienee  to  the  time  of  accjuisition  of  the  myelin  sheaths. 

*  FWIwif,  'Ohlm  und  8oclc,"  Lcipxig,  1806;  also,  *'.\rchivra  de  Xeurol- 
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Thus  he  finds  that  the  fibers  to  the  sense  areas  acquire  their  myelin, 
and  therefore  according  to  his  view  become  fully  fimctionai  before 
those  distributed  to  the  association  areas.  Moreover,  in  the  em- 
bryo, at  least,  these  latter  areas  are  not  supplied  with  projection 
fibers, — ^that  is,  they  are  not  connected  directly  with  the  under- 
lying parts  of  the  nervous  systems.  Their  connections  are  With 
each  other  and  with  the  various  sense  centers  and  motor  centers 
of  the  cortex. 

The  association  areas  mav  bp  regarded  therefore  as  the-iadatt 
in  which  the  different  sense  impressions  are  siT^t^^pflJP'lli  ^^*^  complei 
perceptions  or  concepts.    The  foundations  of  all  knowledge  are 
t6  be  tound  in  the  sensations  aroused  through  the  various  sense 
organs;  through  these  avenues  alone  can  our  consciousness  o(UD& 
into  relation  with  the  external  or  the  internal  (somatic)  wcHid, 
and  the  union  of  these  sense  impressions  into  organized  knowled^ 
is,  according  to  Flechsig,  the  general  function  of  the  assodatios*- 
areas.    This  function  of  the  association  areas  is  indicated  by  tb^ 
anatomical  fact  that  they  are  connected  with  the  various  sentf^ 
centers  by  tracts  of  association  fibers,  suggesting  thus  a  mechanisx^*- 
by  which  the  sense  qualities  from  these  separate  sense  centers  ma.3^ 
be  combined  in  consciousness  to  form  a  mental  image  of  a  comple?^ 
nature.    The  sequence  of  phenomena  in  the  external  world  is  or*-* 
derly,  and,  corresponding  to  this  fact,  the  reflection  of  these  phenon*-* 
ena  in  the  sequence  and  combinations  of  sensations  is  also  orderly- 
In  the  association  areas  our  memory  records  of  past  experience* 
and  their  connections  are  laid  down  in  some,  as  yet  unknown^ 
material  change  in  the  network  of  nerve  cells  and  fibers.    Here, 
as  elsewhere  in  the  nervous  system,  it  may  be  supposed  that  the 
efficiency  of  the  nervous  machinerj'  is  conditioned  partly  by  the 
completeness  and  character  of  training,  but  largely  also  by  the 
inborn  character  of  the  machiner>'  itself.    The  verj^  marked  differ- 
ences among  intelligent  and  cultivated  persons — for  instance,  in 
the  matter  of  musical  memorj^  and  the  power  of  appreciating  and 
reproducing  musical  harmonies — cannot  be  attributed  to  differences 
in  training  alone.    The  gifted  person  in  this  respect  is  one  who  is 
born  with  a  certain  portion  of  his  brain  more  highly  organized  than 
that  of  most  of  his  fellow-men.    This  general  conception  that  the 
special  capacities  of  talented  individuals  rest  chiefly  upon  inborn 
differences  in  structure  or  organization  of  the  brain  may  be  re- 
garded as  one  outcome  of  the  modem  doctrine  of  localization  of 
functions  in  this  organ.    In  the  beginning  of  the  nineteenth  century 
it  seems  to  have  been  the  general  view  that  those  who  had  a  high 
degree  of  mental  capacity  might  direct  their  activity  with  equal 
success  in  any  direction  according  to  the  training  received.    A  man 
who  could  walk  fifty  miles  to  the  north,  it  was  said,  could  just  as 
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CH^y  walk  fifty  mile^  to  the  souths  and  a  man  whose  training 
ttMde  him  an  eminent  mathematician  might  with  different  training 
bavc  made  an  equally  eminent  soldier  or  statesman.  In  our  day, 
howwer,  witli  our  ideas  of  the  organization  of  the  brain  cortex, 
mi  our  belief  that  different  parts  of  tWs  cortex  may  give  different 
tawtioii0  in  consciousness,  it  seems  to  follow  that  special  talents 
m  fbe  to  differences  in  organization  of  special  parts  of  the 
«rti9c. 

Sobdirision  of  the  Association  Areas. — On  anatomical  icnjunds 

iTtthsigdistinK^iishcs  three  (or  four)  assoi'iation  areas;  The  frontal 

(m interior  ;jo,  Fig.  100),  which   lies  in  front  of  the  motor  area; 

{th  median  or  insular, — that  is,  the  cortex  of  the  island  of  Reil; 

1  thf  posterior,  which  lies  back  of  the  body  feeling  area,  extending 

||D  tb  occipital  lobe  and  also  laterally  into  the  temporal  lobe, 

rlban.^  rieclisij:  siij^jrests  may  be  sulMlivide*!  into  a  parietal  area, 

'  li,  Fig.  100,  and  a  t<^mporal  area,  36,  Fig.  100.    The  greater  rela- 

tiTnl*\'flopment  of  these  areas  is  one  of  the  features  distinguishing 

IIh human  brain  from  those  of  the  lower  mammals.     In  accordance 

^  the  general  conception  of  localization  of  functions  Flechsig 

■BttU  that  these  areas  have  different  functions, — that  is,  take 

ttmit  parts  in  the  complex   of  mental   activity.     Basing  his 

vievi  upon    the    nature    of    the    association    tracts   connecting 

•kaa  urith  the  sense  centers,  he  suggests  that  the  posterior  area 

*  cmcemetl  particularly  in  the  organization  of  the  experiences 

foQndld  upon  \isual  and  auditor}'  sensations,  and  shows  especial 

dntlopCDent  in  cases  of  talents,  such  as  those  of  the  musician, 

rtich  rest  upon  these  experiences.     The  anterior  area,  being  in 

dORT  connection  with  the  botly  sense  area,  may  possibly  be  espe- 

mBy  concemetl  in  the  organizati*m  of  exfiericnces  based  upon  the 

BlfTml  sensations   0>oflily  appetites  and  desires),   and   in  al- 

lintions  or  defective  development  of  this  portion  of  the  brain 

may  lie  the  physical  explanati(^>u  of  mental  and  moral  degen- 

This  general  idea  is  borne  out  in  a  mea^'ure  by  histo- 

«tiidies  of  the  brains  of  those  who  are  nieutally  deficient 

(imtntia)  or  mentally  derangcni  (dementia).     It  is  stated*  that 

tlie  brain  in  such  cases  shows  a  ciistinct  thinning  of  the  cortex  and 

that  the  maximum  focus  of  this  change  is  found  in  the  prefrontal 

loben  ^anterior  aj'^iociation  area).     In  the  case  of  the  idiotic  this 

i^  distinctly  untie velojKHl  and  in  the  insane  the  atrophy  is 

rkcd  in  proiwrtion  to  the  degree  of  dementia.     Regarding  the 

functions  of  the  cortex  of  the  island  of  Reil  there  are 

fartM  sufficiently  distinct   to   warrant  a  positive  statement, 

IS  stated  above,  the  data  from  pathological  anatomy 

•  Bolton,  "Brain."  19a3,  p.  215,  and  1010,  p.  26. 
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would  seem  to  indicate  that  this  portion  of  the  cortex  may  form 
a  part  of  the  speech  area  both  on  the  motor  and  the  sensoo'  side. 
The  area  is  mucti  more  developed  in  man  than  in  the  lower  mam- 
mals, and  its  connections  with  other  parts  of  the  cortex  by  means 
of  association  tracts  are  such  as  to  lead  to  the  supposition  that  its 
general  functions  are  of  the  higher  synthetic  character  attrihuted 
to  the  association  areas  in  general. 

By  way  of  ruution  it  should  br  stated  that  the  general  ideas  developed 
above  in  accordance  withlFlechsig'a  views  do  not  meet  with  univeretil  accept- 
ance. Some  of  tht'  nioet  exj>erienc«l  obBcrvera  aro  unuilling  to  admit  thai 
Buch  a  degree  of  loralixation  of  the  psychical  activities  retdlv  eVurt*.  Thfy 
contend  that  the  whole  cortex  may  be  conceruerl  in  mediating  the  highot 
mental  proceasM,  and  quote  [wst-morteni  cxaminationii  of  earefully  studied 
cases  in  aupport  of  this  view.  Even  in  the  prinian-  sense  centers  or  motor 
ccntera  the  character  of  the  lamination  of  the  cortex  indicates  the  ^possibility 
that  the  higher  aynthelie  functions  may  be  mediated  there  in  addition  to  the 
reception  of  sensory  impulses  or  the  generation  of  motor  impulses.  We 
muBt  recognize,  in  fact,  that  the  schemata  (iesignotl  to  show  the  distribution  of 
the  higher  iwychical  activities  in  the  cort(»x  represent  at  present  only  hypothesei 
which  neea  confirmation  before  they  can  be  finally  accepted.  We  may  fed 
considerable  confidence  in  the  loealizationa  of  the  motor  arcius.  and  of 
lea.Mt,  of  the  sensory  areas,  but  in  the  matter  of  the  mort^  complex 
acts,  failure  in  which  expresses  itself  in  the  eonditionts  of  aphasia,  de  _ 

perversionfl,  etc.,  our  knowledge  is  incomplete,  biith  as  regards  analyeis  of  Uw 
symptoms  and  the  localities  .iffectf^i  in  the  brain. 


uiav  i«i 

fsoai%|h 
dc  HM  iiW^f 


The    Development    of    the    Cortical    Area. — Fleclisig*  has 
puldislied  tiie  results  of  an  extensive  study  of  the  time  of  mye- 
li!ii/ati*in  of  the  filicrs  in  the  cerebrum  of  nuin  from  the  fourth 
month  of  intra-uterine  to  the  fourth  month  of  extra-uterine  life. 
The  first  areuft  t{)  develop  in  the  eortex  are  the  primar\'  sense 
centers  (smell,  cutaneous  and  muscle  sense,  sight,  hearing,  and 
touch),  and  later  in  connection  with  these  centers  systems  of  motor 
fibers  appear.     There  an?  thus  formed  seven  primar>-  zones,  sensory 
and  motor,  to  which  he  ^ives  the  name  of  projidinn  nriv^.    The 
location  of  these  areas  is  shouTi  in  part  in  Figs.  98  and  99,  i*  (/,  /)• 
6,  6,  7  (7*),  s,  15.    Two  areas  connected  ^^'ith   the  olfacton'  sense 
are  not  shown  in  these  figures;  they  appear  in  the  anterior  pM^ 
forate  lamina  on  the  l)ase  of  t  he  brain  and  in  the  uncinate  gynifc 
Later  there  is  developed  around   the.se  prima t^'  zones  areji>  ih»t 
Flechsig  calls  marginal  or  ^xirdrr  zones,  which  have  no  projection 
fibers,  but  which  are  connected  by  short  association  fibers  wilb 
one  or  more  of  the  primary  projeetion  zones,  ;^,  le  Ui  ss,  in  Figs. 
100  and  lOL      Later  still  the  great  association  areas — i4»  .w,  W. 
Figs.  100  unii  101 — arquire  tlicir  uiyelinatefl  fibers.     These  latter 
centers,  as  indicated  alx)ve,  may  be  considered  as  association  ar«w 


•Flechsig,  *'Bprichte  der  mathemiitiwh-phywi^ehen  Klaase  der  k6iu|ci 
8achfl.  Geaellftchafl  der  WiiwoiwchafU'ii  zu  L^^ipzi^,"  MMM.  For  a  summary  of 
the  reeults  of  this  work  see  Sabin,  "The  Johmt  Hopkins  Hospital  BuUetm,'* 
February,  1905. 


fig.  100. — Lftterml    Buriaces  of    the   bmin.  showing   the  primonliiil  and    margiaal  sooes, 

—{FUehng.} 


Fie  101.— Same  araaa  oa  the  mesial  surface.— <i^/«eA«v<l 


gSNSE    AREAS   AND    ASSOCIATION    AREAS. 


229 


nth  more  complex  connections,  and  they  serve  to  mediate,  pos- 
ablj,  tbr  higher  psychical  activities.  Flechsig,  in  his  report, 
dciijptatee  these  areas  from  an  anatomical  point  of  view  as  terminal 
or  cmtxal  zones.  As  the  result  of  his  histological  work,  as  far 
aj  it  htf  progressed,  he  distinguishes  thirty-six  areas  in  the  cortex 
in  which  the  myelinization  of  the  fibers  occiirs  separately,  and  in 
which,  therefore,  by  inference  liifFerent  physiological  activities 
ATc  mcdiatetl.     These  thirty-six  areas  arc  subdivided  as  follows: 

L  PriiniiT^'  areas. 

la.  ftiamry  projection  areaa  (i,  ;f,  4t  ^»  ^i  7,  8  {IS),  aeven  or 
eight  In  uuniber.  and  provided  with  projection  fibers — 
sensory  and  motor. 
IK  Primary  areafl  without  projection  fibers  (S,9,  20 ,  11,  IS,  IS) 
and  app&rently  without  ossociatton  libera.  Functions  un* 
certain. 
IL  AflBOciAtion  areas, 

!!••  Intermediate  or  border  areas,  14,  l&^SS,  provided  with 

abort  association  fibers. 
n^  Terminal  or  central  areas,  34,  35,36,  provided  with  long 
■BBociation  fit>en9. 

Bittological  Differentiation  in  Cortical  Structure.-  While 
^general  stnictiire  of  the  cortex  is  everj'where  similar,  detaileil 
waniinstion  has  shown  differences  in  the  shape  of  the  rclis,  the 
thidnftsi  and  numl>er  of  the  strata  or  laminae,  the  ealibre  of  the 
filxTh,  etc.,  which  are  said  to  be  constant  for  any  given  region.     By 
this  means  it  is  possible  to  divide  the  cerebral  cortex  into  a  number 
ofartaa  whose  structures  are  sufficiently  distinct  to  be  rero^niKed 
**lh  some  certainty.     Reasoning  from  analogy,  we  should  infer 
^Ut  A  differentiation  in  structure  implies  a  sulxlivision  of  physio- 
^lical  acti\ity,  and  to  this  {'xtent  this  recent  histologic^al  work 
^Ipporto  the  view  of  a  loe^ilized  dislrilmtiou  of  function  in  the 
Campbell,*  in  a  very  thorough  investigation  of  this  kind, 
►  iueeeeded  in  separating  some  fifteen  or  sixteen  different  areas, 
I  the  nB0ult«  obtained  by  him  support  in  a  general  way  the  local- 
described  in  the  preceding  pages.     Thus  the  cortex  in  the 

at/al  convolution   (l>ody-s<*nse  area)  has  a  structure  dis- 

finrtly  different  from  that  of  the  precentral  convolution  (motor 
ura),  the  latter  being  characterized  among  other  things  by  the 
[ireveiire  of  giant  pyramidal  cells  (Betz  cells),  and  a  marked  dimi- 
nation  In  the  width  of  the  granuhy  layer  of  cells.  In  the  occipital 
lobm  the  region  round  the  calcarine  fissure  has  a  structure  differ- 
froin  that  of  the  contiguous  cortex,  and  a  similar  diffejence  \a 
for  the  auditory  region.  Camplx^ll  believes  that  the  ex- 
traoe  «nd  of  the  frontal  lobe  (prefrontal  region)  has  a  compara- 

*  Campbell.  "Histolof^inil  StudicA  on  Lor&Iiaation  of  Cerebral  Functions,*' 
C^shMgR,  1905;  See  aiMO  Brodmann,  "Journal  f.  Psychol,  u.  Neurol.," 
1902,  7. 
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tively  undeveloped  structure,  but  Bolton,*  on  the  contrary,  states 
that  it  has  a  typical  structure  and  believes  that  it  plays  a  part  of 
the  greatest  importance  in  the  higher  or  general  processes  of  as- 
sociation. It  is  the  last  re^on  of  the  cortex  to  be  evolved.  In 
mental  decadence  or  dementia  it  is,  according  to  this  author,  the 
first  region  to  undergo  dissolution,  and  in  conditions  of  amentia  it 
is  undeveloped. 


FIc  102.— Dis«mm  to  show  the  composition  of  the  ooipua  callosum  as  a  ssmtem  of 
miasuml  fibers,  without  projection  fibers. — iCaial.) 


The  Corpus  Callostun. — The  corpus  callosum  is  the  most 
conspicuous  of  the  bands  of  commissural  fibers  that  connect  one 
cerebral  hemisphere  with  the  other.  Similar  tracts  of  the  same 
general  nature  are  the  anterior  commissure  and  the  fornix. 
The  position  and  great  development  of  the  corpus  callosum 
has  made  it  the  object  of  experimental  as  well  as  anatomical 
investigation.  When  the  corpus  is  divided  by  a  section  along  the 
longitudinal  fissure  (v.  Koranyi)  no  perceptible  effect  of  either  a 
motor  or  sensory  nature  is  observed  in  the  animal.  When  it  is 
stimulated  electrically  (Mott  and  Schafer)  from  above,  symmetri- 
cal movements  on  the  two  sides  of  the  body  may  be  obtained.  If 
the  motor  cortex  on  one  side  is  removed,  stimulation  in  the  lon- 
gitudinal fissure  causes  movements  only  on  the  side  controlled 
by  the  uninjured  cortex.  These  facts  are  in  harmony  with  the 
results  of  histological  studies,  which  indicate  that  the  fibers  of  the 
corpus  callosum  do  not  enter  directly  into  the  internal  capsules, 
to  be  distributed  to  underlying  portions  of  the  brain,  but  are  truly 
commissural  and  connect  portions  of  the  cortex  of  one  hemisphere 
with  the  cortex  of  the  other  side.  This  relation  is  indicated  in  the 
•  Bolton,  "Brain,"  1910,  p.  26. 
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accorapan>ing  diagram  (Fig.  102).    So  far  as  the  motor  regions  are 

omoeraed,  there  is  some  evidence  that  the  connection  thus  es- 

Ublished  is  between  symmetrical  part-s  of  the  cortex  (Muratoff)^ — 

Ith&t  is,  between  parts  having  similar  functions, — and  we  may 

I  ftgard  the  corpus  as  a  means  by  which  the  functional  activities 

'of  the  two  sides  of  the  cerebrum  are  associated.     On  the  human 

side,  study  of  cases  of  lesions  of  the  corpus  ciiliosum  has  yielded  an 

important   suggestion   in   Une   with   the   conclusion   just  stated. 

bepmann*  has  reported  cases  of  this  kind  in  which  there  were 

.  ipraxic  s>Tnptonis  (dyspraxia)  in  the  movements  of  the  left  side 

of  the  body,  although  the  right  cortex  was  uninjured.     He  draws 

I  the  conclusion  that  in  movement  complexes  in  general  the  left 

hemisphere  leads  or  initiates,  as  in  the  case  of  articulate  speech, 

ttd  that  through  the  commissural  fibers  of  the  corpus  callosum 

aulas  is  conveyed  to  the  right  cortex  when  the  movement 

I  the  musculature  of  the  left  side. 

The  Corpora  Striata  and  Thalami. — The   numerous  masses 

of  gray    matter    found    in    the    cerehnini    beneath   the   cortex, 

[nilbe  thalamencephalon,   and   in   the   mi<lbrain   have  each,  of 

[loQTse.  specific  functions,  but,  in  general,  it  may  be  said  that 

jlhey  are  interc-alated  on  the  afferent  or  efferent  paths  to  or  from 

hbe  cortex.     Their   physiology    is   included,    therefore,    in    the 

[fccriplion   of  the   functions   mediated   by   these  paths.     For 

^BiBlance.  the  lateral  geniculate  bodies  form  part  of  the  optic 

P»ili.    In    addition,    however,    these    masses    of   t-ells    contain 

"1  many  cases  reflex  ares  of  a  more  or  less  complicated  kind, 

llirough  which   afferent    impulses   are   converted    into  efferent 

uapoJges  that  affect  the  nmsculalure  or  the  glandular  tissues 

Mthe  body.     The  large  nuclei  constituting  the  corpora  striata 

(nucleus  caudatus   and   n.   lentlrularis)    and   the  thalami   have 

L  l>fien  frequently   studied   experimentally   to    ascertain    whether 

^^Iher  liAve    specific     functions    independently    of    their    rela- 

HiJHpto  the  cortex.     These  efforts  huve  given  uncertain  results. 

^HBr experiments  (Nothnagel),  in  which  the  attempt  was  made  to 

"    litttioy  theee  nuclei  by  the  localized  injection  of  chromic  acid,  are 

Miftbly  unreliable,  as  the  destruction  involvetl  also  the  projection 

fibeispftesing  to  the  cortex.    lesions  of  the  nucleus  caudatus  are  said 

'0  be  accompam'ed  always  by  a  rise  in  body  temperature  and  an 

inofttee  in  heat  production,  and  stimulation  of  the  same  nucleus 

fi^'o  a  very  marked  rise  in  biood-pressure.     These  facts  indicate 

»  possible  connection  of  this  nucleus  with  heat  and  vasomotor 

^v^uiation.     Other  observers  have  supposed  that  these  nuclei  are 

pecially  concerned  in  the  coK)rdination  of  the  muscles  employed 

in^'oluntary  or  unconscious  movements.     While  the  nucleus 

•  Liepmann,  "Med.  KUn.,"  1907,  725. 


232  PHYSIOLOGY   OF   CENTRAL   NEBVOTTS   SYSTEM. 

lenticularis  is  connected  with  the  posterior  Rolandic  r^on  of  the 
cortex,  the  n.  caudatus  seems  to  be  independent  in  this  regard, 
and  to  be  provided  with  its  own  system  of  projection  fibers. 
With  regard  to  the  various  nuclei  of  the  thalamus,  it  is  known  that 
they  form  abundant  connections  with  the  sensory  areas  of  the  co> 
tex  cerebri,  and  from  this  standpoint  they  may  be  regarded  as 
consisting  of  subcenters,  with  a  probability,  however,  that  reflexca 
may  occur  through  them  (subcortical  reflexes)  independently  d 
the  cortex.  Numerous  fibers  have  been  traced  from  the  thalamus 
to  the  body  sense  area  (Flechsig).  Sachs*  states  that  the  thalamus 
may  be  considered  as  being  composed  of  two  practically  inde- 
pendent parts :  an  inner  division,  which  has  relation  with  the  nucleus 
caudatus  and  the  rhinencephalon,  and  an  outer  division,  whidi, 
on  the  one  hand,  serves  as  a  terminus  for  the  fibers  of  the  teft* 
Discus  and  of  the  superior  cerebellar  peduncle,  and,  on  the  other 
hand,  is  connected  by  afferent  and  efferent  paths  with  the  corta 
of  the  Rolandic  region.  It  is  evident,  from  these  relations  and  fnmi 
the  proximity  of  the  internal  capsule,  that  lesions  in  the  thalamus 
may  occasion  symptoms  of  a  very  diverse  character.  Amonj 
these  symptoms,  we  should  expect  to  find  hemianestheaa  on  tbt 
opposite  side,  owing  to  the  fact  that  the  thalamus  serves  as  a  sub 
station  for  the  fibers  of  the  lemniscus. 

•Sachs,  *'Bmn,"  1,  1909. 


CHATTER  XI, 

THE  FUNCTIONS  OF  THE   CEREBELLUM,  THE   PONS, 
AND  THE  MEDULLA. 


Jhr 


Tim  funcUcns  of  the  ccrebelliun  are,  in  some  respects,  less  satifi- 
lictonly  knvwn  than  those  of  any  other  part  of  the  central  nervous 
Many   theories  have  Ixjen  held.    Most   of  these   views 
m  been  attempts  to  assign  to  the  organ  a  single  fimction  of  a 
UriU  character,  but  latterly  the  iuhufiieiency  of  the  theories 
fapaed  has  led  observers  to  attribute  to  the  cerebellum  general 
ppptitins  the  nature  of  which  can  not  be  expreasecl  satisfactorily 
ha  angle  phrase.    Before  attempting  to  give  a  summan'  of  exist- 
^K^^^  it  will  be  helpful  to  recall  briefly  the  important  facts  re- 
l^ding  its  structure  and  relations,  so  far  as  they  are  known  and  can 
hctefd  to  explain  its  functional  vahie. 
Anatomical  Structure  and  Relations  of  the  Cerebellum. — 
finer  histology*  of  the  cerebellar  cortex  is  rcprcisontod  in  Fig. 
Three  layere  may  bo  distinguislied.     The  oxterniil  nutlt'cular 
.4),  the  middle  granular  layer  (7?),  and  the  internal  medullary 
consisting  of  the  white  matter  or  meduUatctl  nen'e  fibers, 
it  and  efferent  ((7).    Between  the  molecular  and  granular 
i^Vi  Be  the  laxge  and  characteristic  Purkinjc  cells  (a).    The 
'k&drites  of  these  cells  branch  profujicly  in  the  molecular  layer; 
tkeir  axons  pass  into  the  medullary  layer.    From  the  standpoint 
rfUie  neuron  doctrine  these  cells,  so  far  as  the  cereljellum  is  con- 
OBaad,  are  efferent.    They  form,  indeed,  the  sole  efferent  system 
rfthe  cerebellar  cortex.    The  afferent  fibers  of  the  cerebellum  end 
fa  both  the  granular  and  the  molecular  layers.    Those  that  termi- 
Oftte  in  the  granular  layer — designated  by  Cajal  as  moss  fibers, 
hute  at  their  terminations  and  points  of  branching  curious  clumps 
of  ■Dftll  prooeaees;  they  probably  connect  with  the  dendrites  of  the 
atnre  cdb  in  this  layer.    Those  that  pass  deeper  into  the  molec- 
ttkr  btyer  come  into  connection  with  the  dendrites  of  the  Purkinje 
odb,  aiwmd  which,  indeed,  they  seem  to  twine,  so  that  Cajal  desig- 
them  as  climbing  fil>ers.    '^The  granular  layer  (B)  contains 
graniiles  (g)  or  small  nor\'e  cells,    lliese  cells  are  spherical, 
and  have  a  relatively  large  nucleus  and  a  small  amount  of  cy to- 
plum.     Their  dendrites  are  few  and  short;   their  axons  run  into 
Iba  mcdccular  layer,  di\ide  in  T»  and  the  two  branches  then  nm 

Eto  the  surface  and  doubtless  make  connections  with  the  den- 
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dritcs  of  the  Purkinje  cells  as  well  as  with  the  cells  of  the  molecuUr 
layer.  A  few  larger  nerve  cells  of  Golgi's  second  type  (/)  are  found 
also  in  the  granular  layer.  In  the  molecular  layer  are  found  two 
types  of  cells:  the  larger  basket  cells  (b)  whose  axons  terminate  in  & 
group  of  small  branches  that  inclose  the  body  of  the  Purkinje  cells, 
and  a  number  of  smaller  celLs  (c),  situated  more  superficially, 
whose  axons  pass  longitudinally  in  the  molecular  layer  and  termi- 
nate in  arborizations  or  baskets  that  doubtless  make  connections 
with  the  dendrites  of  the  Purkinje  cells. 


Fig.  103.— Histology  of  the  oenbelluro.— (From  Ob«rtUin£r.) 


A  consideration  of  this  peculiar  and  intricate  structure  enables 
us  to  comprehend  that  the  cerebellar  cortex  presents  a  reflex  arc 
of  a  very  considerable  degree  of  complexity.  The  ineoming  im- 
pulses through  the  moss  and  climbing  fibers  may  pass  at  once  to  the 
Purkinje  cells  and  lead  to  efferent  discharges,  or  they  may  end  in 
the  cells  of  the  granular  or  molecular  layer  and  thus  be  distributed 
to  the  Purkinje  eells  in  a  more  indirect  way.  In  addition  to  the 
cortex  the  cerebolhim  contains  several  masses  of  gray  matter  in 
its  interior:  the  large  dentate  nucleus  in  the  center  of  each  hemi- 
sphere and  the  group  of  nuclei  lying  in  or  near  the  middle  of  tba 
ni«<fullary  substance  of  the  vermiform  lobe  {nucleus  fastigji,  n. 
globosi.  and  the  n.  emboliformis).     The  axons  of  the  Purkinje 
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lof  the  cortex  terminate  in  these  subcortical  nuclei,  and  the 

Dt  |x*lh  from   the  cerebellum   is  then  coiitinuetl  by   new 

Thus,  the  fibers  of  the  superior  peduncles  (brachium 

LJuttetivum)  of  the  cerebellum  arise  chiefly  from  the  dentate 

and  only  indirectly  fnmi  the  cortex.     The  anatomical 

tions,  afferent  ami  efferent,  between  the  cerebellum  and 

parts  of  the  nervous  system  are  very  complex  and  not 

lealirely  known.     Without  attempting;  to  recall  all  of  these 

ctions.  which  will  be  found  described  in  works  upon  anat- 

ay  or  neurolopj',  emphasis  may  be  laid  upon  those  %vhich  are 

t  present  helpful  in  discussing  the  physiology  of  the  organ. 

IConntctioTis  icitk  the  Afferent  Paths  of  the  Cord. — Through  the 

kftrior  jie^Iuncles  (restiform  bodies)  the  cereheilum  receives  affer- 

Bt6bersfrom  the  spinal  cord  and  the  medulla.    The  cerebello- 

fiuAl  fafkriculus  undi>ubtedly  terminates  in  the  cereliellum,  and 

■lirording  to  swmie  observers  the  fibers  of  the  posterior  funiculi 

fihr  ending  in  the  n.  gracilis  and  n.  cuneatus  are  also  continued 

[part  It)  the  cerebellum  by  nerve  fibers  passing  by  way  of  the 

i&lcrior  peduncles.     This  latter  view  has.   however,  not  found 

tosfirmtttion  in  recent  work,  most  authors  believing  that  the 

flffervot  fibers  of  the  posterior  funiculi  all  enter  the  lenmiscus, 

■ftir decussating,  and  pass  forward  to  the  thalamus.     AsiM^nding 

fiicn  irising  in  the  reticular  formation  of  the  medulla  and  the 

•fctfjr  nucleus  may  take  this  path  to  the  cerebellum,  and,  on  the 

^fT  hand,  may  make  connections  with  the  sensory  tract*  of 

^oord  or  the  sensorj'  nuclei  of  the  medulla.     Another  afferent 

liirt  of  the  cord,  that  of  Gowers  (fasciculus  anterolateralis  super- 

fcalii),  ends  in  the  cerebellum,  in  large  part  at  least,  forming  a 

in  fact,  of  the  cerebellospinal  system.     The  natm-e  of  the 

impulses  conveyed  in  this  way  to  the  cerebellum  is  not 

dy  understood,  but  it  seems  certain  that  some  of  them,  at 

km,  arise  in  the  deeper  tissues,  the  muscles  and  joints.     This 

Inet  and  the  smilar  tract  of  Flechaig,  by  forming  an  afferent  con- 

atetioa  between  the  deep  tissues  and  the  cerebellum,  present  a 

awrfianitnn  which  may  be  used  to  explain  the  influence  exercised 

by  the  cerebellum  upon  muscular  activity. 

2.  Conneetions  vnth  the  Vrstibidar  Branch  of  the  Eighth  Cran- 
tai  \errr. — This  branch,  arising  in  the  semicircular  canals  and 
otriraluii  and  sacculus,  ends  in  the  pons  in  several  nuclei  (Deiters', 
Becht«rew's)  and  also  in  the  n.  fastigii  of  the  cereltelhim.  These 
nuclei,  in  turn,  are  connected  with  other  parts  of  the  central 
nervous  Byatem.  but  the  details  are  not  yet  completely  known. 
The  connections  that  have  been  most  clearly  established  are 
those  made  with  the  motor  centers.  Through  the  medial  longi- 
tudinal fasciculus  these  nuclei  are  connected  >\'ith  the  motor 
i  of  the  cranial  nerves  and  with  descending  paths  in  the  spinal 
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cord  (vestibulospinal),  which  end  in  the  motor  centers  for  the  ^narfl 
nerves.  In  how  far  the  vestibular  nuclei  may  make  afiFerent  oi»\ 
nections  with  the  cerebellum  is  imdecided,  but  it  seems  pr 


Fig.  104. — ^Diaicram  to  indicate  a  posvible  descending  path  from  cerebrum  to  cord  in  td- 
/raniidal  system,  namely,  the  }*condar>'  or  cerebellar  motorpath  (Via 
lie  patlt  is  indirect   and  comprises  trie  following  umta:      1.  Tne  coftico- 


(Ution  to  the  pvramidal  system,   namely,  the  }*condar>'  or  cerebellar  motorpath  (Vi 
(•ehiichtenV     The  patlt  is  indirect   and  comprises  trie  following  umts:      1.  Tne 
|)onlo-cerebellar  (latli.  re^resente<i  a^  ariiMnfr  in  tne  motor  area  of  the  cerebnim  and 


(•ehiichtcnV 

|Hrtilo-cereb .  __    _.  __    _  ..  _   _    _ , . 

(Kiwn  with  the  pyrainiilai  system  to  end  in  the  pon?,  thence  continued  throui^  the  midAl 
IHHluncler*  to  the  cerebellar  cortex  of  opposite  side.  2.  The  path  from  the  eerebcUar  ODltcx 
ttt  the  ilentate  nucleus.  3.  Tlie  path  Tram  the  dentate  nucleus  to  the  red  nucleus  pitiirf 
by  way  of  the  superior  petluncles,  brachium  conjunct ivum.  4.  The  path  from  tna  nd 
nucleus  to  the  motor  ceH>  of  the  spinal  c<.>rd  vrubro-!«pinal  tract). 

that  such  tracts  exist,  in  \new  of  the  fact  that  destruction  of  the 
siMnioiroular  canals  and  severe  lesions  of  the  cerebellum  cause  motor 
disturlwintH^  that  are  strikingly  similar. 

3.  Connectums  xcith  Other  Setisory  Xudei, — In  addition  to  the 
special  s<Misory  connet*tions  just  described,  it  is  stat«d  by  various 
noun>logists  that  tlic  sensory  nuclei  of  the  vagus,  the  trigeminal 
and  the  auditory  nerves,  send  afferent  paths  into  the  cerebellum, 
and  that  similar  paths  extend  from  the  primary  end  stations 
of  the  optic  filn^rs.* 

•  St^  Edinger.  'Bniin,"  29.  4S3, 1906. 
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.  Canneeticns  wUk  the  Cortex  of  the  Centrum. — The  cerebellar 

ifl  connected  with  the  cerebral  cortex  by  the  large  system 

1 13  the  rortioo-ponto-cerebellur  tract  (see  Fig.  82,  A),    The 

8of  this  tract  arise  in  the  motor  area  of  the  cerebrum  or  in  the 

atAl  cortex  anterior  to  the  motor  area,  descend  in  tlie  internal 

ule  and  cerebral  i^eduncle,  and  end  in  the  gray  matter  of 

fh»ns.     Thence  new  axons  continue  the  path   across  the 

d-linc  and   to  the  cerebellar  cortex  by   way   of  the   middle 

duncle  ihrachium  pontis).     The  tract  would  seem  to  convey 

Qi  impulses  from   the  cerebral   cortex    (motor  region)    of 

fade  to  the  cerebellar  cortex  of  the  opposite  side.     A  second 

blf  connection  with  the  cerebrum  is  made  by  way  of  the 

innw.     Fil>er«   arising   in   the   dentate   nucleus   emerfje   by 

Imr  uf  the  brachium  conjunctivum  aeid  connect  with  the  red 

I  Mdeon  in  the  subthalamic  region  and  ])erhaps  also  with  the 

fUimuif.    Tl»e   latter  fibers  may  he  continued    forward    to   the 

•flrtfx  irf  the  cerebrum  and  thus  constitute  an  afferent  jtatli  from 

ttnWIum  to  cerebrum.    Thfn«  filx^rs.  on  the  contrur\-.  which  end 

is  tSr  red   nucleus  are  brought  into  reflex   comiection  with   t!ie 

■Wor  bundle  (rubrospinal  tract),  extending  from  the  re<l  nucleus 

to  tiie  motor  centers  in  the  spinal  cord.     Making  use  of  the  connec- 

Itts  described  above,  Van  Clehuchten  pirtures  an  indirect  motor 

ifmm  the  cortex  of  the  cei-rbrum  to  the  motor  nerves  hy  way 

fthf  cerebellum  (see  Fig.  104).    The  motor  impulses  descend  by 

»>rof  the  cortico-ponto-cerel»ellar  path  to  the  cerebellar  cortex, 

( to  the  dentate  nucleus^  thence  to  the  rc<l  nucleus,  and  then. 

rwsy  of  the  rubrospinal  tract,  to  the  motor  nuclei  of  the  spinal 


Theories  Concerning  the  Functions  of  the  Cerebellum.^ 
KcMlrm  views  concerning  the  functions  of  the  cerelx?llum  may  be 
ihaiSed  under  tluiM?  general  heads:  FiraU  those  tliat  con.si<lyr  it 
I  $fnml  co-ordinating  center  or  organ  for  t  he  inuncular  movements 
*^ 'WKm'''**^''"  f"^  those  concerned  in  equilibrium  ant!  locomoiion. 
Ihk  view,  first  projx>s<^d  essentially  by  Floureius  (1824),  has  l>een 
[adopCed  by  many,  perhaps  by  most,  writers  since  his  time.  The 
'  in  which  the  organ  serves  to  co-ordinate  these  movements 
been  explaine<i  in  various  ways.  According  to  the  older  ol> 
gerrera,  it  was  supposed  so  to  arrange  or  group  the  various  motor 
tmpolavs  that  they  reached  the  lower  motor  centers  in  the  cord 
m  the  ncceasary  combination  for  co-ordinated  contractioas.  Ac- 
cording to  more  recent  ob^serve^s,  this  synergetic  action  is  exer- 
Dot  directly  on  the  motor  side  of  the  reflex  but  on  the  sensorj' 
TTie  numerous  sensory  paths  connected  with  the  organ, 
flippPMlly  thoee  of  the  muscular  sense,  and  those  from  the  vestibular 
nerve^  miggp^  the  view  tliat  in  the  complex  cortex  of  the  ceret>el- 
hun  tbeae  afferent  impulses  act  upon  nervous  combinations  whose 
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discharges  in  turn  are  conveyed  to  the  motor  centers  in  a  definite  | 
and  orderly  sequence.     Either  point  of  view  assumes  that  then ! 
are  in  the  cerebellum  certain  distinct  mechamsms — that  is,  comU- ' 
nations  of  neurons  that  are  essentially  reflex  centers,  and  that  i 
all  of  our  more  complex  bodily  movements  these  mechanisDK 
intervene.    The  second  e^eneral  set  of  theories  regarding  the  ca»— 
bellum  assumes  that  this  organ  is  essentially  the  center  or  a  carter 
^^  tbfi  ^^"'''^f  liftf^    This  view  is  connected  usually  with  the  jojam- 
of  Lussana,*  but  has  been  supported  since  in  one  sense  or  anotber' 
by  many  observers.!    It  is,  in  fact,  not  essentially  different  per- 
haps from  the  second  phase  of  the  first  group  of  theories.    Thoa^ 
who  have  expressed  their  idea  of  the  physiology  of  the  cerebelhinL 
by  saying  that  it  is  a  center  of  the  muscle  sense  have,  in  recent 
times  at  least,  recognized  that  this  sense  has  a  cortical  center  also  in. 
the  cerebrum.    The  view  can  not  assume,  therefore,  a  consckws 
muscle  sense  mediated  by  the  cerebellum,  but  only  that  fibers  of 
deep  sensibility  have  a  cortical  termination  therein,  and  that 
the  cerebellar  activity  thus  aroused  is  in  some  way  necessaiy  to 
the  orderly  adjustment  of  complex  voluntary  movements.    Sinne 
authors  have  assumed  that  the  reflex  effect  thus  exerted  on  the  mus- 
culature of  the  limbs  and  trunk  is  not  concerned  directly  in  elaborat- 
ing the  proper  co-ordination  of  the  muscles,  but  consists  essentially 
in  the  production  of  a  state  of  tonus  of  a  variable  or  adaptive  cluff- 
acter,  which  serves  as  a  foundation,  so  to  speak,  for  the  volun- 
tary control  of  the  muscles.     It  would  seem  to  be  evident  thatoo 
any  theory  of  this  kind  the  results  of  cerebellar  activity  must  be 
exerted  through  some  eff'erent  channel  upon  the  muscles  concerned 
in  equilibrium  and  body-movements.    No  direct  efferent  path  be- 
tween the  cerebellar  cortex  and  the  motor  centers  of  the  cord  has 
been  established  satisfactorily,  but  it  may  be  that  the  indirect  path 
through  the  superior  peduncles  to  the  red  nucleus  and  thence  to  the 
cord  through  the  rubrospinal  tract  subserves  this  function.  AcCQid' 
inp;  to  a^f^tih^r  pf^int  pf  t'iotv^  t.ho  nprebellum  is  a  great  augmenting 
organ  for  the  neun^iTUl''^"^"^  HY^^'^^T^    It  is  added  on,  as  it  were,  to 
the  cerebrospinal  motor  system,  and  serves  not  to  co-ordinate  the 
motor  discharges,  but  to  increase  their  strength  or  effectiveness. 
This  general  view,  first  proposed  by  Weir  Mitchell  (1869),  has  been 
supported  by  Luj-^s,  and  especially,  although  with  important  modi- 
fications, by  Luciani-t     Some  of  the  details  of  the  work  of  the 
latter  observer  are^von  below. 

•  Lussana.    Sec  "Journal  dc  la  physiol.  de  Thomme,"  5,  418,  1862. 

t  See  Lewandowsky,  "Archiv  f .  Physiologie,'*  1903,  129. 

i  For  the  literature  of  the  cerebeirum,  see  Luciani,  "II  cervelleto,"  Flor- 
ence, 1891;  German  translation,  "Das  Kleinhim,"  1893.  Also  Luciani,  article 
"Das  Kleinhim,"  in  "Ereebnesse  der  Physiologie,"  vol.  iii,  part  ii,  p.  259, 
1904,  and  van  Rynberk,  ibid.,  653,  1908. 
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Experimental  Work  Upon  the  Cerebellum, — Rolando,  and  par- 
IBUkfffy  Flourens,  gave  the  direction  to  modem  exj)erimentation 
tUi subject.    The  latter  obsener  made  numerous  observations, 
aiptmUy  on  pigeons,  in  reganl  to  the  effect  of  removing  all  or  a 
put  fd  ibc  cerebellum.     He  describes  in  detail  the  striking  results 
«f  iuch  an  operation.     When  all  or  a  large  part  of  the  organ  is  re- 
nayvTti  the  animal  shows  a  most  distressing  inability  to  stand  or 
nv^vf.   There  seems  to  be  no  muscular  paralysis,  but,  at  first, 
a  total  lack  of  power  to  co-ordinate  pro|>erly  the  contractions  of  the 
tiiiuw  rouBcIes  involved  in  maintaining  equililmum.    The  animal 
takn  a  mo^t  abnormal  position,  with  the  head  retracted  and 
twted,and  any  attempt  to  move  hi  followed  by  violent  disorderly 
CBBlnetions  tlial  may  result  m  a  series  of  involuntary  somersaults. 
Tbf  aninial  is  totally  unable  to  fly.    When  the  injury  to  the  cere- 
bcOum  is  loRs  the  effect  upon  the  movements  is  either  too  slight 
H  lie  noticed  or  is  shouTi  in  a  greater  or  less  uncertainty  in  its 
■MBDent^i.     When  it  attempts  to  walk,  for  instance,  it  exhibits 
■  tfiggpring.  drunken  gait,  a  condition  designated  as  cerebellar 
Similar  operations  on  mammals  give  in  general  the  same 
If  the  operation  is  unilateral, — that  is,  affects  only  one 
knbpherc, — the  animal  (dog)  exhibits  forced  movements,  such 
M4U*n(lcncy  to  roll  around  the  long  axLs  of  his  body  toward  the 
wjfotd  side  and  subsequently  movements  in  a  circle  toward  the  same 
tHe,    In  man  there  are  several  cases  on  record  in  which  the 
orfUk  was  shown  by  autopsy  to  be  largely  or  completely  atro- 
phied, and  numerous  cases  of  tumors  affecting  the  cerebellum 
Ittte  »l»o  been  reported.     In  the  latter  group  of  cases  there 
B^  be  certain  marked  subjective  symptoms,  such  as  headache, 
opecially  vertigo,  but  on  the  objective  aide  the  neurologists 
the  fact  that  in  cerelx'llar  disorders  the  lack  of  accurate 
iHanfisuttion  or  asynergy  b  the  fundamental  etymptom.      This 
mditioQ  may  be  manifested  by  an  ataxic  gait,  by  muscular 
,  and.  especially,  by  lack  of  skill  in  performing  certain 
movements  which  require  the  associated  activity  of  several 
for  example,  the  placing  of  the  finger  to  the  nose  or 
II*  ruriid  alternation  in  the  contraction  of  antagonistic  muscles, 
n   and   adduction,    or   pronation   and   supination.*     So 
m  me  caaes  of  atrophy,  in  which  probably  the  condition  devel- 
riowiy  through  a  numlKT  of  years,  a  degree  of  at^ixia  Ls  ex- 
especially  when  the  movements  are  rapid  and  forced. 
Ihe  ataxic  condition  resulting  from   tabetic  lesions  of  the 
ior  funiculi  the  effect  upon  the  movements  is  increased 
eovering  up  the  eyes  (Romlx^rg's  symptom),  the  individual 

*Milb  and  Wcw^nburg,  "Journal  of  the  Americau  Medicul  Association,** 
21.  10H. 
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being  then  deprived  of  his  visual  stimuli  as  well  as  those  comini 
by  way  of  the  muscular  and  cutaneous  nerves.  In  cerebdlv  ' 
ataxia,  however,  the  effect  is  not  increased  by  closure  of  tht 
eyes,  a  result  which  is  probably  explained  by  the  fact  that  the 
individual  still  possesses  his  paths  of  muscular  and  cutaneooB 
sensibility  to  the  cerebrum,  and  these  senses  may  be  used  in  the 
reflex  adjustments  of  voluntary  movements. 

Interpretation  of  the  Experimental  and  Clinical  Results.-* 
Flourens  was  led  by  the  striking  results  of  his  operations  on  pigeooi 
to  suggest  the  view  that  the  cerebellum  is  an  organ  for  the  eo* 
ordination   of   the   movements   of  equilibrium   and   locomotiao. 
Objections  were  raised  to  this  view.    Some  observers  (Daltoo, 
Weir  Mitchell)  found  that  if  the  pigeons  from  which  the  cerebellum 
had  been  removed  were  kept  long  enough  the  effects  first  observed 
gradually  disappeared,  so  that  finally  the  animals  were  aUe  to 
move  or  fly  with  no  marked  difference  from  the  normal  animal 
except  that  fatigue  was  sho\Mi  much  more  quickly.    Hence  the 
view  advocated  by  Mitchell  that  the  essential  function  of  the 
cerebellum  is  that  of  an  augmenting  apparatus  for  the  voluntaiy 
movements.    With  regard  to  this  view  it  may  be  remariced  in 
passing  that  pigeons  with  the  cerebral  hemispheres  removed  exlubit 
apparently  as  a  permanent  sj-mptom  the  same  tendency  to  rapid 
fatigue  after  sustained  muscular  effort.    By  the  same  logical  procea 
therefore  one  might  conclude  that  one  function  of  the  cerebrum 
is  that  of  an  augmenting  organ  to  the  motor  discharges  from  the 
cerebellum  or  midbrain.    So  also  the  cases  of  complete  or  nearly 
complete  atrophy  of  the  cerebellum  in  human  beings  in  which  no 
evil  result  follows  other  than  a  slight  degree  of  cerebellar  ataxia 
have  been  used  as  an  argument  against  the  view  that  this  oi^an 
is  necessary  to  the  co-ordination  of  the  complex  voluntary  move- 
ments.   The  view  that  the  cerebellum   has   essentially   a  direct 
co-ordinating  fimction  has  l>een  criticized  most  seriously  by  Luciani. 
This  observer  made  a  series  of  long-continued  and  most  careful 
observ^ations  upon  dogs  and  monkeys  in  which  the  entire  cere- 
bellum or  certain  definite  parts  had  been  removed.    He  lays  stress 
upon  the  fact  that  the  violent  disturbance  of  movement  is  tem- 
porary' and  is  slowly  recovered  from  in  time.     He  was  led,  therefore, 
to  view  these  disturbances  as  due  primarily  not  to  the  loss  of  the  nor- 
mal functional  activity  of  the  organ,  but  to  irritations  resulting  from 
the  operation.    Wien  this  stage  of  irritation  is  passed  the  real 
defects  whic^h  indicate  the  true  fimction  of  the  cerebellum  become 
apparent.     These  defects  exhibit  themselves  as  a  loss  of  power 
in  the  neuromuscular  apparatus  of  the  complex  volimtarv  move- 
jnents.  and  he  analyzes  these  results  under  three  heads:  First, 
a  loss  of  force  in  the  muscular  contractions, — a  condition  of  astheiua; 
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I,  a  loes  of  tone  in  the  muscles  of  the  limbs  and  trunk,  par- 
ry in  tfrft  hinri   lipiha, — a  rnn^ijt.inn  oLjiAonia;    ftnrl     thinT^  a 

\j£  itcadiffiyag  J"  the  muscular  contractions,— a  eonOitlon^f 


The  astasia   manifests  itself  in  a  tremf)r  of  the  muscles 

voluntarily  contracted,  especially  in  movements  requiring 

wtiA  exertion.    Luciani  supposes  that  this  tremor  is  due  to  an 

that  is,  a  slowing — of  the  rhythm  of  discharKes  of  the 

from  the  motor  centers.     The  functions  of  the  cerel^ellum 

em  his  tJieor>*  are  expressed,  therefore,  by  saying  that  it  is  an  aug- 

tomling orpin  for  the  actinty  of  the  neuromuscular  apparatus;  and 

thil.Bofar  Bs  this  augmenting  or  strengthening  activity  can  be  ana- 

hftt'  -i-iis  in  an  increase  in  the  energy  of  the  motor  discharges 

(•a:^  in),  an  increase  in  the  tension  or  tone  of  the  motor 

<vnttn  tnd  their  connecterl  muscles  (tonic  action),  an<l  an  increase 

n  the  rhythm  of  the  motor  impulses  (sUitie  action)  so  that  nor- 

BuDy  the  muscular  contractions  are  of  the  nature  of  complete 

UImL   Luciani   believes   that   this  action   of  the   cerelx^Ilum  is 

MOlamoiis,  although  var\'ing  in  intensity,  and  that  it  aiTects  all 

of  tJ»  musculature  of  the  body,  and  not  simph'  the  muscles  con- 

ftmtd  in  body  equilibrium.     This  constant  motor  activity  is  in 

tom  dependent  upon  a  constant  inflow  of  sens<»r)'  impulses  into 

Hum  along  its  afferent  comiections,  particularly  ufKjn  the 

from  the  vestibular  j>ortion  of  the  internal  ear,  and  those 

ftoai  iKe  muscle  sense  fibers  and  similar  fibers  of  so-called  deep 

Muihility,     The  constant  augmenting  activit}'  of  the  eerebellum 

k  ib^T^iore,  a  species  of  reflex  effect, — a  reflex  tonus  which 

ifirU  all  the  musculature.     Whether  the  cerebellar  mechanism 

tipeeially  arranged  to  co-ordinate  its  effect  upon  the  neuro- 

PurttlAr  apparatus — that  is,  in  some  way  to  adapt  the  move- 

MBU  to  a  iiefinite  end — Luciani  leaves  an  open  question.     He 

W  not  believe  that  a  lack  of  co-<»rdination  (cereliellar  ataxia) 

Beeon&rily  present  in  cerebellar  lesions;  but  a(bnits  that,  if  this 

mpUnxx  is  an  invariable  one,  it  would  be  necessary  to  add  to 

geDend  augmenting  activity  of  the  cerebellum  also  a  general 

JVC  or  co-ordinating  activity.     It  is  precisely  this  latter  feature 

stands   out   in   the   minds  of   most   physiologists   as   the 

anurtenstic  function  of  the  cerebellum,  while  Luciam  considers 

it  is  not  demonstrated  by  clinical  or  ex[}erimental  facts,  and 

even  if  demonstrated  it  would  have  to  be  considered  as  a 

rt — perhaps  a  subordinate  part — of  the  functional  influence  of 

is  ot|can« 

Conclusions  as  to  the  General  Functions  of  the  CerebeU 

n. — It  is  evident  that  an  authoritative  statement  of  the  function 

ftmotioas  of  the  cerebellum  is  impossible.     It  seems  quite  clear, 

',  that  the  organ  exerts  a  regidating  influence  of  some  kind 

16 
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upon  the  neuromuscular  apparatus  of  our  so-<»lled  voluntaiy 
movements.    The  precise  nature  of  the  regulating  influence  is  in 
dispute,  and  one  who  reads  the  literature  finds  it  difficult  at  timei 
to  separate  clearly  the  different  theories  proposed,  since  80iii» 
authors  are  content  with  general  statements  and  others  attempt 
a  more  specific  analysis.    On  the  whole,  it  seems  desirable  it 
present  to  hold  to  the  general  idea,  introduced  by  Flourens,  thit 
the  cerebellum  is  a  central  oi^an  for  co-oH^"'*^^^'^')  pf  'HM^ffy 
movements,  particularly  the  more  complex  movements  necesajy 
in  equilibrium  and  locomotion.    Instead,  however,  of  assumng 
with  Flourens  that  the  cerebellxmi  contains  a  co-ordinating  prindi^e, 
an  expression  that  means  nothing  at  present,  we  may  assume  that 
it  exerts  its  co-ordinating  influence  by  virtue  of  the  definite  nervous 
mechanisms  contained  in  it — that  is,  by  nervous  complexes  which, 
on  the  afferent  side,  are  coimected  with  the  peripheral  sensory 
nerves  to  the  vestibule  of  the  ear,  the  muscles,  joints,  etc.,  andoa 
the  efferent  side  are  in  direct  or  indirect  relations  with  the  motor 
centers  of  the  cord.     Co-ordinated  movements  requiring  the  ohd- 
bined  and  sustained  activity  of  a  number  of  muscles  depend  in 
some  way  upon  a  combination  of  the  activity  of  these  mechanisim 
with  the  discharging  mechanisms  farther  forward  in  the  brain 
(cerebrum).    Whether  this  co-activity  consists  in  the  addition  of 
a  tonic  element  to  the  impulses  proceeding  from  the  cerebnmi,  as 
would  be  implied  by  the  results  of  Luciani's  experiments,  or  whether 
the  cerebellum  participates,  through  some  form  of  representation 
of  these  movements,*  based  upon  the  afferent  impulses  recrived 
through  the  paths  already  described,  cannot  be  settled  at  present 
Luciani's  conception  has  the  recommendation  of  being  based  upon 
a  large  amount  of  experimental  work,  and  it  may  be  included  or 
utilized  in  a  general  theory  of  a  co-ordinating  function  of  the  cere- 
bellum, if  we  assume  that  the  effect  of  this  organ  on  muscular  ton- 
icity is  adaptive,  that  is  to  say,  varies  in  a  definite  way  in  the 
different  muscles  according  to  the  character  of  the  afferent  im- 
pulses received  from  the  muscles,  joints,  labyrinth,  etc.     That  an 
adaptive  tonicity  of  the  muscles  actually  occurs  is  demonstrated 
by  experiments  (see  p.  410),  and  we  can  understand  that  a  rega- 
lated  tonicity  of  this  kind  may  constitute  the  foundation  upon 
which  the  normal  co-ordination  of  the  muscles  is  effected.    The 
fact  that  in  birds  as  well  as  in  higher  forms  the  animal  eventually 
learns  to  co-ordinate  such  movements  after  the  loss  of  the  cerebel- 
lum does  not  invalidate  this  conclusion.     In  the  first  place,  the 
recovery  in  such  cases  is  not  entirely  complete,  since  some  ataxia 
is  still  manifested  in  vigorous  or  hurried  movements,  and  the 
amount  of  restoration  of  normal  activity  which  is  obtained  may 
•  See  Horsley,  "Brain,"  1906,  446. 
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be  referred  to  a  possible  adaptation  or  training  in  the  cerebral 
portion  of  the  mechanism.  The  relative  parts  taken  l>y  the 
cerebellum  and  the  cerehnim  in  surh  movements  var>'  probably  in 
different  animals  and  in  different  movements  in  the  same  animaL 
ficmoval  of  the  cerebrum  from  a  pigeon  leaves  an  animal  with 
ifanoet  perfect  power  of  controlling  its  equilibrium.  In  the  dog  a 
amilar  operation  is  followed  by  a  longer  period  of  inabilit>'  to  con- 
trol porff-ctly  the  movement's  of  locomotion,  and  it  is  probable 
that  in  man  after  such  an  operation  the  power  of  locomotion  would 
be  acquired  more  slowly,  if  at  all.  On  the  other  hand,  the  violent 
«ffect  upon  such  movements  caused  by  the  removal  of  the  cerebel- 
lum in  the  pigeon  is  less  evident  in  the  dog,  and,  if  we  may  judge 
from  the  incomplete  data  of  cliuical  neuro!og\',  very  much  leas 
evident  in  man.  In  man  the  motor  control  of  thr*  voluntary 
muscular  sj-stem  through  the  cerebrum  is  more  highly  developed 
than  in  the  lower  animals. 

Lewundowsky's  *  suggestion  thiif  normally  in  man  the  finer, 
nujte  conscious  movements  of  the  body  are  controlled  directly 
fnm  the  cerebrum,  while  the  subconscious  or  dimly  conscious 
nwvem«tntij  of  locomotion  and  ei^uililirium,  which  are  of  a  more 
wrtwncd  or  tonic  character,  are  regulated  through  the  cerebellar 
tenten  seems  to  l)e  in  accord  wit!»  the  facts  known. 

The  Psychical  Functions  of  the  Cerebellum. — In  the  cerebel- 
lum, bs  in  the  other  nen'e  centers  below  the  cerebrum,  we  have  to 
«oiiaidcrthe  ix)asibility  of  a  psychical  or  conscious  side  to  the  activity 
fi  the  oipin.  It  seems  clear,  however,  that  the  degree  of  coiiscious- 
*»,  if  any,  exhibited  by  the  cerebellum  is  of  a  much  lower  order 
*hin  that  shown  by  the  cerebrum.  All  ol>scn''crs  agree  that  there 
pto  apparent  loss  of  sensati<:)ns  after  removal  of  the  cerebellum, 
^  '  ':mi,  Russell,  and  others  state  their  belief  that  in  some 
.  -ie  way  the  mentality  of  the  aninnil  is  affected  by  such 

tetiunI$.  Whatever  functions  of  this  kind  are  present  we  can 
f  only  by  the  unsatisfactory*  term  of  subconscious  rather  than 
Bnconspious.  As  far  as  can  he  determincfl,  this  effect  is  felt  mainly 
Upon  thf  muscular  sense  and  the  sense  of  position  ami  of  direction. 
Localization  of  Function  in  the  Cerebellum. — All  observers 
ISreethat  so  far  as  the  influence  of  the  cerebelhmi  on  the  muscula- 
of  the  body  is  concerned,  it  is  homolateral, — that  is,  each 
of  the  cerebellum  is  connected  with  its  own  half  of  the 
ily.  The  connection  with  the  inutor  ureas  of  the  brain  is  the 
I,  the  right  half  of  the  cerebrum  being  in  relation  with  the 
half  of  the  cerebellum.  These  relations  are,  in  the  main, 
out  by  the  anatomical  course  of  tlie  motor  and  sensory 

*  Lnr»D<lr>w»kv,  "Arohiv  f.  Physiolope/'  1903.  129;  see  also  Kohnatamm, 
TAfduvf.  d.  gwammte  Physiologie,"  89,  240,  1902. 
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paths  described  above.  There  arises,  however,  the  questiou 
whether  or  not  there  is  a  l(>calizatit>n  of  funrtion  in  the  cert- 
beiium,  that  is,  whether  definite  parts  t>f  the  eerehellur  cortex 
are  in  specific  relations  with  separate  muscles  or  groups  of 
muscles.  The  possibility  of  a  localization  of  function  wm 
suggested  years  a^o  by  experiments  made  by  Ferrier,  in  which 
clectrieal  stinuilatiMn  of  the  e(M'tex  gave  definite  movements 
of  the  head,  limbs,  and  especially  of  the  eyes,  the  movement* 
varying  somewhat  according  to  the  part  stimulated.  These  | 
results  were  not  wholly  confirmed  hy  later  observers.  Horsley 
aiul  Clarke*  state  that  such  strong  stimuli  are  required  to  obtain 
a  decisive  effect  from  the  cortex  of  the  cerebellum  that  it  may  be 
questioned  whether  in  positive  cases  the  result  is  due  to  exciU- 1 
tion  of  the  cortex  itself  or  to  an  escape  of  stimulus  to  the  under-  , 
lying  nuclei.  Direct  stimulation  of  the  dentate  nucleus  gar* 
them  conjugate  movements  of  the  two  ej'es.     These  indicationi 
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Fig.  106.— Schema  of  dog's  cerebetlum  to  show  Bolk'."  nomencUture  For  Uic  lobtti 
>uld.  Dotval  vi«w  :  La,  lobuu  Mit«nor  UhiH  U^be  is  M.'pamtpd  Troin  the  larger poatehori 
by  the  (le«p  priinat^*  fiAfltir^.  >Spr)  ;  Li,  lobuliif  i<iinplf>x  ;  Lan*,  lubultiA  ansifonuit !  i. 
lobuhM  panuiiedianuf-^ ;  l.mp,  lobtiluA  mrdjatiufi  p<i«tt'ri>T  :  Fv,  fonnatit  vcruiiculan«  if* 
tooaUlann) :  C.  cni«  prijiiijiii  ;  '*'.  rrufl  weoiiiiduni  :  .Spr,  sulcus  pnnianiu ;  Sp.  iViOB 
pammedianuit ;  Si,  fulcu^  iniprcniraliM. — (After  tan  Hynoerk.) 

of  a  localization  have  boon  strengthened  hy  the  results  of  com- 
parative  anatomy,  and  especially  l»y  the  effects  of  ablation  of 
definite  parts  of  the  cortex.  Earlier  ex]>erimenters,  using  tbt 
method  of  ablation,  oVitained  quite  negative  results  from  tbe 
standpoint  i^ti  localization,  but  this  seems  to  have  been  due  to 
the  fact  that  a  faulty  anatomical  scliema  was  used :  a  whole  hemi- 
sphere, or  the  errtirc  vermiform  lobe,  etc.,  was  removed.  Ijitef 
experinientorst  have  adopted  the  newer  anatomical  schemata, 


•  Horsley  ami  Chirk^  "Hrain."  2S.  13.  IWJf). 
t  Viin   Itvnhcrk,    "Grncrul    Review   in   ErgebnifitiC  der   PhVsiolf>fd%i 
653,  IWS.  aiid  12,  53:j,  1912. 
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ch  IaIms  account  of  the  true  genetic  relations  of  the  various 
I  And  1  '    ''     tf  the  cerebellum,  and  they  have  been  rewanletl 
lobUuni*  tsof  a  positive  character.  The  newer  anatomical 

ftrlature  is  illustrated  in  Fig.  105,  which  gives  a  schematic 
citation  of  the  arrangement  of  the  lobules  of  the  cere- 
of  the  dog,  according  to  Hoik.  Following  this  schema 
ilynV>erk  rep<>rt«  that  excision  of  the  lobulus  simplex  is 
li  hy  movements  of  the  hea<I  (heatl  nystagmus),  which 
kte  an  abnormal  innervation  of  the  neck  muscles.  Injury 
^ftideof  the  cms  primum  of  the  ansiform  lobule  is  followed 
□al  movements  of  the  forefoot  of  the  same  side,  while 
injuries  lo  the  rrns  secundum  result  in  abnormal  niove- 
!'»ralize<l  to  the  hind  foot.  Kxtirpation  of  a  h")bulus 
rptramftiiauus  causes  rolling  movements  round  the  long  axis 
Mthf  liody  or  bending  of  tlie  body  to  one  sirle  (plcurotbotonus), 
,  TVm*  pxperiinentjd  results  hnve  l)een  conftrmed  in  part  l)v  ol)ser- 
Ds  on  clinical  ca-^es  in  which  the  asynerK>'  following  cere- 
'  lf.^ions  showe<^l  sinne  indication  of  a  localization  to  one  or 
[  inothtT  part  of  the  botly. 

Iht  MedttlU  Oblongata.— In  the  medulla  oblongata  we  must 

lOgnin  a  region  of  special  physioloKi*"d  importance  in  tliiit  it 

[btbanit  of  certain  centers  which   ronlrol  the  activity  of  the 

[firedstorr  and    respirator)*    organs.     If    the   medulla   is  severed 

[tnxD  the  portion  of  the  brain  h'ing  anterior  to  it  the  animal  con- 

I  to  live  for  a  considerable  period.     The  respiratorv'  move- 

iMe  performed   rhythmically,  and    the   blood-vessels  retain 

( so  as  to  maintain  an  approximately  normal  blood-pressure. 

0ODtrEry\  destruction  of  the  medulla,  or  severance  of  its 

ons  with  the  underlying  parts,  is  followed  by  a  cessation 

itration  an<!  a  loss  of  tone  in  the  arteries,  cither  of  which 

»in  the  rapid  tleath  of  the  organism  as  a  whole.     The  [x:»rtions 

nuwlulla  which  exercise  these  imiM>rtant  functioiLs  are  desig- 

nsspeclively,  as  the  respiraton'  and  the  vasomotor  or  vaso- 

centers.    Their  location  and  to  some  extent  their  uon- 

bave  lx»cn  determined  by  physiological  ex]K'rimcnts,  but 

has  noi  been  jx>ssible  to  mark  out  hLsiologically  the  exact 

iipa  of  cells  concerned.    The  position  and  physiological  properties 

centers  are  descril>ed  in  the  sections  on  respiration  and 

Thrse  centers  are  of  e^special  importance  because  of 

I  connect ioas  whh  the  body,  their  essentially  independent 

in  reference  to  the  higher  parts  of  the  brain,  and  the  abso- 

Ay  neeessan*  character  of  the  regulations  they  effect.     In  the 

at  of  the  brain  the  functions  originally  mediated  by  the 

puta  have  been  transferred  more  and  more  to  the  higher 

B,  esppciaDy  in  regard  to  con>>cbus  sensation  and  motion,  and 
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the  so-called  higher  psychical  activities.  But  the  unconscious  and 
involuntaiy  regulation  of  the  oigans  of  circulation  and  respiiaUoo 
and  to  a  certain  extent  of  the  other  visceral  oigans  has  been  cen- 
tralized, as  it  were,  m  the  medulla.  In  addition  to  the  control 
of  the  respiration  and  circulation  other  important  reflex  activitin 
are  effected  through  the  medulla  by  means  of  the  vagus  nerv^ 
which  has  its  nucleus  of  origin  in  this  part  of  the  brain.  Such,  for 
instance,  are  the  reflex  control  of  the  heart  through  the  eaidb- 
inhibitory  center  and  of  the  motions  and  secretions  of  the  alimnnUiy 
canal. 

The  Nuclei  of  Origin  and  the  Functions  of  tiie  Chmial 
Nerves. — ^The  origin,  course,  anatomical  and  physiological  rdatioDi 
of  the  first  or  olfactory,  second  or  optic,  and  eighth  or  auditoiy 
nerves  have  been  referred  to  in  the  preceding  pages.  For  tin 
sake  of  completeness  the  origin  and  functions  of  the  other  cnuial 
nerves  may  be  summarized  briefly  in  this  connection. 

The  Third  Cranial  Nerve  {N,  Oculomotorius). — This  nerve  arisee 
from  the  base  of  the  brain  on  the  median  side  of  the  corTespoadi&s 
pedunculus  cerebri.     It  is,  so  far  as  is  known,  only  a  motor  nerve, 

supplying  fibers  to  four  of  the  extrinsic  muscles  of  the  eyeballs 

namely,  the  internal  rectus,  the  superior  rectus,  the  inferior  rectus, 
and  the  inferior  oblique — and  to  the  levator  palpebne.     It  inner — 
vates  also  two  important  intrinsic  muscles  of  the  eyeball,  the  ciliar>r 
muscle  used  in  accommodating  the  eye  in  near  vision,  and  th^ 
sphincter  of  the  iris,  which  controls  in  part  the  size  of  the  pupil - 
These  two  latter  muscles  belong  to  the  type  of  plain  muscle, 
and  the  fibers  of  the  third  nerve  which  innervate  them  terminate* 
in  the  ciliary  ganglion,  whence  the  path  is  continued  by  sym- 
pathetic nerve  fibers  (postganglionic  fibers)  to  the  muscles.    In 
the  interior  of  the  brain  the  fibers  of  the  third  nerve  arise  from  a 
conspicuous  nucleus  or  collection  of  nuclei  situated  in  the  cen- 
tral gray  matter  of  the  midbrain  at  the  level  of  the  superior  col- 
liculus.     The  fibers  for  the  ciliary  muscle  and  sphincter  pupilla 
arise  more  anteriorly  than  those  for  the  extrinsic  muscles.     Hi&- 
tologically  three  parts  at  least  may  be  distinguished,  as  shown  in 
Fig.  107,— namely,  the  lateral  (or  principal)  nucleus,  which  gives 
origin  chiefly  to  the  fibers  innervating  the  extrinsic  muscles;  the 
median  nucleus;  and  the  nucleus  of  Edinger-Westphal.   According 
to  Bernheimer*  the  large  median  nucleus  gives  rise  to  the  fibers 
that  innervate  the  ciliary  muscles,  while  the  Ekiinger-Westphal 
nuclei  (accessory  nuclei)  control  the  movements  of  the  sphincter 
muscle  of  the  iris.     Some  of  the  fibers,  particularly  those  from 
the  lateral  nucleus  to  the  inferior  rectus,  the  internal  rectus,  and 

•  Bernheimer,  in  ''Graefe-Saemisch's  Handbuch  dcr  ges.  Augenheilkunde," 
2d  ed.,  1,  41. 
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jtbe  iftlerfcr  oblique,  cross  the  mid-line  and  emerge  in  the  nerve 
di  the  opposite  side. 

The  f^ourih  Cranial  Nerve  {N.  Trochharis). — This  nerve  emerges 
itomtte  Yamn  in  the  anterior  medullary  velum  (valve  of  Vieussens) 
)ust  posterior  to  the  inferior  colliculas.  It  curves  around  the 
pedunpu\\j8  cerebri  to  reach  the  base  of  the  brain.  It  is  a  motor 
nerve,  and  supplies  fibers  to  the  superior  oblique  muscle  of  the 
eyeball.  In  the  interior  of  the  brain  the  fibers  arise  from  a 
nucleus  in  the  central  gray  matter  just  posterior  to  that  of  the 
thirvl  nerve  (Fig.  107).  The  fibers  pass  dorsahvard  toward  the 
velum  and  make  a  complete  decussation  before  emerging. 
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F«  ll^.-HfneW  of  orijcin  of  th«  third  and  fourth  nerves. — <From  Pinrierand  Charpy.) 

*^^  Fifth  Cranial  Nerve  (N,  Trigeminus). — This  nerve  arises 

"^"1  the  side  of  the  pons  by  two  roots,  a  small  motor  root,  portio 

l"^|*^  and  a  large  sensory  root,  portio  major.     It  is,  therefore, 

Tniued  motor  and  sensory  nerve,  supplying  motor  fibers  to  the 

*tefl  of  mastication  and  sensory  fibers  of  pressure^  pain,  and 

^Pwature  to  the  face,  the  forepart  of  the  scalp,  the  eye,  nose, 

P^^ions  of  the  ear,  mouth,  and  tongue,  and  to  the  dura  mater 

*%  108),    In  the  interior  of  the  brain  the  motor  portion,  portio 

'^^^'Hfr,  arises  partly  from  a  small  nucleus  in  the  pons   and   partly 

^'Om  a  long  column  of  cells  extending  along  the  lower  margin  of  the 

*W(al  gray  matter  throughout  the  midbrain.     This  column  and 

(ie  fibers  arising  from  it  constitute  the  descending  motor  root  of  the 
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fifth  nerve  (see  Fig.  109).    The  sensory  fibers  originate  from  tie 
nerve  cells  in  the  Gasserian  ganglion  (g.  semilunare).    The  bnurii 


Fig.  108. — Diagram  showing  the  average  area  of  distribution  of  the  aenaofy  fibecao'  ^ 
tngeminsu  nerve. — (,Cu*hing.) 


N.  opht* 


N.  max,  sup. 


N.  max.  inf. 


Fig.  109. — Nuclei  of  origin  of  the  fifth  cranial  nerve.— (From  Poiritr  and  Ckarp^,  aft* 

Van  Oehuchten.) 

that  enters  the  brain  ends  partly  in  a  collection  of  cells  in  the  pons, 
the  so-called  sensory  nucleus,  and  partly  in  a  column  of  cells  extend- 
ing posteriorly  throughout  the  length  of  the  medulla.    These  cells 
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and  ihe  fibers  ending  in  them  constitute  the  descending  spinal  root 
of  the  fifth  nenc  (see  Fig.  106). 

TKeSizth  Cranial  Nerve (N.  Abducetia), — ^This  nerve  arises  from 
Ltk  bas*  of  the  brain  at  the  posterior  edge  of  the  pons.  It  is  a  motor 
i«jw,  anti  supplies  fibers  to  the  external  rectus  muscle  of  the  eye- 
ball In  the  interior  of  the  brain  its  fibers  originate  in  a  small  spheri- 
LttlDUckus  lying  beneath  the  floor  of  the  fourth  ventricle.  Con- 
Iltdkxuihave  been  traced  between  this  nucleus  and  the  pyramidal 
tnci  of  the  opposite  aide  (Fig.  106). 

Tki  Seventh  Cranial  Nen>€  (N.  Facialis), — This  nerve  appears 

!  00  the  base  of  the  brain  at  the  inferior  margin  of  the  pons,  lateral 

lod  somewhat  posterior  to  the  emergence  of  the  sixth  nerve.     It 

iit&ainly  a  niutor  nerve,  but  carries  some  sensory  6bers  (fibers  of 

tute  tod  general  sensibiUty)  received  through  the  n.  intermedins  of 

Wrifbrrf:,    Tlie  motor  fibere  of  the  nerve  supply  the  muscles  of  the 

to, part  of  the  scalp,  and  the  ear,  inchiding  its  intrinsic  muscles, 

lodin  adiiition  secretory'  fibers  are  supplied  to  the  submaxillary 

•nd sul)lingual  glands.     Witiiin  the  brain  these  fibers  arise  from  a 

ItOMpkruous  nucleus  in  the  tegmental  region  of  the  pons   lying 

■'•Btitj  to  the  nucleus  of  the  sbcth,  beneath  the  middle  of  the  fourth 

'•Btricie (Fig.  106).    The  sensor\^  fibers  of  the  ner\'e  of  \VrLsl>eig 

**feiiuite  in  t  he  ner\'e  cells  of  the  geniculate  ganglion. 

The  Sinth  Cranial  Nerve  {N.  Glosnophartfjigeun)  arises  from  the 
*fc  rtf  the  me<lulla, — the  reatifnnn  body.  It  is  a  mixed  nerve, 
*P|Jying  motor  fibers  to  the  musclovS  of  the  phar>'nx  ami  the  htxse 
*  the  tongue  and  secretor>'  fil>€rR  to  the  i>arotid  gland.  Within 
"*  bnin  these  fibers  arise  from  two  motor  nuclei  common  to  this 
^^  the  tenth  nerve, — namely,  a  dorsal  nucleus  IkjIow  the  floor  of 
"^  fourth  ventricle  and  a  smaller  ventral  nucleus^  n.  ambiguuSi 
"ilheirticuLar  substance  of  the  tegmentum  (Fig.  106).  The  sea«(OTy 
SheiB  supply  in  part  the  mucous  membrane  of  the  tongue  and 
phaiynx,  the  tympanic  cavity,  and  the  Eustachian  tube.  These 
fihciB  ariae  from  cells  in  the  two  ganglia  on  the  trunk  of  the  ner\'e, 
tiKgaoglion  superius  and  g.  petrosum.  The  branches  from  these 
I  thfti  pftSB  into  the  medulla  terminate  in  the  nucleus  of  the  ala 
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The  Tenth  Cranial  Nerve  (.V.  Vagwi  or  Pneumogastncwi) . — This 
from  the  side  of  the  medulla  posterior  to  the  ori^jin  of 
^^^__^_  ^O'ngcal  ner%e.  It  is  also  a  mixed  nerve,  with  an 
octTOsi\"i? "distribution  to  the  respirator}'  and  digestive  organs  and 
the  heart.  Its  efferent  or  motor  fil>ers  ari.se  within  the  brain  from 
the  aatzM  muBos  of  cells  that  give  rise  to  the  motor  fibers  of  the 
gluMOphftijnfnnI  These  til)er¥i  supply  the  intrinsic  muscles  of  the 
hryuz,  MOphagus,  stomach,  small  intestine,  and  part  of  the  large 
jn1frtf>Tf>.     Inhibitory-  fibere  are  carried  to  the  heart  and  secretory 
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fibers  to  the  gastric  and  pancreatic  glands.  Its  sensory  or 
fibers  are  distributed  to  the  mucous  membrane  of  the 
trachea,  and  lungs,  and  to  the  mucous  membrane  of  the  est 
stomach,  intestines,  and  gall-bladder  and  ducts.  Thee 
arise  from  cells  in  the  ganglia  on  the  trunk  of  the  nerve, 
glion  jugulare  and  g.  nodosum.  The  branches  from  these  c 
pass  into  the  medulla  terminate  in  the  gray  matter  of  the  ala 

The  EkverUh  Cranial  Nerve  (AT.  Accessarius), — ^This 
usually  described  as  arising  by  upper  roots  from  the  medi 
by  a  series  of  lower  roots  from  the  spinal  cord  as  low  as 
to  the  seventh  cervical  segment.  It  is  a  motor  nerve,  m 
fibers  to  the  stemomastoid  and  trapezius  muscles.  The  m 
branches  arise  from  the  posterior  portion  of  the  dorsa 
nucleus  which  ^ves  origin  to  the  vagus,  while  the  spinal  1 
ori^ate  from  cells  in  the  anterior  horn  of  the  gray  matte 
cord  (Fig.  106). 

The  Twelfth  Cranial  Nerve  {N.  Hypoglosaua) , — ^This  ner 
from  the  m&dulla  in  the  furrow  between  the  anterior  pyra 
the  olivary  body.  It  is  a  motor  nerve,  supplying  the  mi 
the  tongue  and  the  extrinsic  muscles  of  the  larynx  and  hyo 
Within  the  brain  these  fibers  originate  from  a  distinct 
lying  in  the  floor  of  the  fourth  ventricle  near  the  mid-li 
106). 


CHAPTER  Xn. 
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THE  SYHPATHEHC   OR  AUTONOHIC  NERVOUS 
SYSTEBL 

The  chain  of  nen'e  ganglia  extending  on  each  side  of  the  spinal 
column  to  the  coccyx  is  known  as  the  sympathetic  nervous  system, 
"niis  name  was  given  to  the  structure  under  the  misapprehension 
thsl  it  constitutes  a  nerve  pathway  through  which  so-called  sym- 
pathetic— or,  as  we  now  designate  them,  reflex  actions  of  distant 
oixans  are  effected.  It  was  supposed  to  arise  from  the  brain  by 
bnuiches  connected  with  the  fifth  and  sixth  cranial  nerves.*  We 
oow  know  that  this  system  consists  of  a  series  of  ganglia  or  col- 
Wtions  of  ner\'e. cells  connected  with  each  other  and  connected  also 
*ith  the  spinal  ner\'e8.  Strictly  speaking,  the  term  sympathetic 
ij«an  is  applicable  only  to  the  chain  of  ganglia  which  begins  with 
the  superior  cervical  ganglion  at  the  base  of  the  skull  and  ends 
with  the  ganglion  coccygeum.  There  are,  however^  other  outlying 
MTvc  ganglia  with  or  without  specific  names  which  from  a  physio- 
lopcaland  indeed  from  an  anatomical  standpoint  belong  to  the  same 
group.  In  the  abdomen  we  have  the  ao-called  prevertebral  gan- 
idia. the  celiac  ganglion,  from  which  arises  the  celiac  plexus,  the 
"Jperior  mesenteric,  and  the  inferior  mesenteric  ganglion  giving 
nse  to  the  hypogastric  nerve.  These  ganglia  lie  ventral  to  the 
>Tnp&thetic  trunk,  but  are  in  direct  connection  with  it.  In  the 
Ittd  region  the  ciliary,  sphenopalatine,  and  otic  ganglia  are 
iho  of  the  same  type.  More  peripherally  are  numerous  other 
8>Q^  lying  in  or  around  the  various  visceral  organs,  such  as  the 
nbnuudllary  ganglion  near  the  duct  from  the  corresponding  gland^ 
^cardiac  ganglia  in  the  heart,  and  the  extensive  system  of  nerve 
^  in  the  walls  of  the  alimentan,^  canal  known  as  the  plexuses 
ofMeiasner  and  Aujerbach.  With  the  exception,  perhaps,  of  this 
«t  system,  whose  histological  structure  and  connections  are  not 
ktisfaclorily  knoNMi,  all  of  these  ganglia  are  frequently  designated 
••B\inpathetic,  and  from  a  physiological  as  well  as  an  anatomical 
■luiripoint  may  be  considered  with  the  ganglia  of  the  sympathetic 
^nnik  or  chain,  l^anglcy^  who  has  contributed  greatly  to  our 
raowtedge  of  the  finer  anatomy  and  the  physiology  of  this  system, 
''w proposed  a  different  classification,  t 

•CWlea  Bell,  "The  Nervous  System  of  the  Human  Bodv/'  third  edi- 
t«a.  London.  \M4,  p.  9. 

tSdAfer*9  "Text-book  of  PliysioloKV."  l&OO,  vol.  ii;  "Ergebnisse  der 
JJywiiope/'  1903,  vol.  ii.  part  ii,  "p.  SZ^]  a\no  "Brain,"  1903,  vul.  xxvi,  and 
*i«t»IblBlt  f.  Phyaiologie/^  27,  119,  1913. 
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Autonomic    Nervous    System. — According  to   Langley,  1 

efferent  fibers  from  the  nerve  cells  of  the  sympathetic  and  rdal 


flreyaoffiionie/iirt. 


J'  * 
Fig.  110. — Schema  to  show    the  general  relation  between 
the  pregangUonio    and   postganglionio  fibers  of  the  autonomie      ^ 
paths. 


t,;-." 


-   ?s*'      */ 


ganglia  supply  the  plain  muscle  tissues,  the 
cardiac  muscles,  and  the  glands, — that  is,  the 
organs  of  the  involuntary  or,  according  to  an 
old  nomenclature,  the  vegetative  processes  of 
the  body.  He  proposes  for  this  entire  system 
of  efferent  fibers  the  term  autonomic/'  to  indi- 
cate that  they  possess  a  certain  independence 
of  the  central  nervous  system.  Tljfi..autQnouiic 
path  consists  of  two  neurons:  one  belonging  to 
the  central  nervous  system,  whose  axon  emerges 
in  one  of  the  spinal  or  cranial  nerves  and  ends 
around  the  depflritps  of  a  Fj-^pffthptio  eell;  and 
one  jwnrrig^  in  some  OP'^.f^f^thP  niim^r'iuq 
svniymthetio  ganp^liar  whose  axon  parses  to-the 
peripheral  tissue.  The  first  axonJ 
thci  [jri'^urnp;! ionic  ^ber.  tlie  second  as  the  post- 
ganglionic  fiber.  Their  connections  are  repre- 
sented  in  the  accompanying  schema  (Fig.  110). 
Physiological  and  anatomical  investigations 
have  shown  that  autonomic  nerve-fibers  arise 
from  four  regions  in  the  central  nervous  sj'stem 
(Fig.  Ill):  First,  from  the  midbrain,  emerging 
in  the  third  cranial  nerve  and  passing  via  the 
ciliary  ganglion ;  seconcH  from  the  bulbar  regjion, 
emerging  in  the  .soventh,  ninth,  and  Jiinth 
cranial  nerves;  third,  from  the  thoracic  spinal 
nerves  (first  thoracic  to  fourth  or  fifth  lumbar) 
and  passing  in  general  via  the  ganglia  of  the 
sympathetic  chain;  fourth,  from  the  sacral 
region  by  wav  of  the  so-called  nervus  erigens 
supplying^  the  descending  colon,  rectum,  anus, 
and  genital  organs.     The  autonomic  fibers  at 


Fig.    111. 


tratins  the  centn 

f'tn  of  the  autoi 
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their  oriitui  in  the  central  nervous  system — that  is,  while  pre- 
pmdioaic  fibers — are  all  posst^sse<l  of  a  ^iimll  medullated  ^lieath, 
biTinca  diameter  of  1.8  to  4  m-  The  post^^angiionic  fiber  is  in 
moot  fifftr  non-iiie<lul[ate(l,  but  this  is  t>y  no  itienns  an  invariable 
nde.  In  many  cases  the  axons  from  sympatiie'tir  cells  possess 
iKitiQct,  although  small,  myelin  sheaths.  The  autonomic  fibers 
ining  from  the  midbrain,  bulb,  and  sacral  curd  are  distributed 
to  limited  parts  of  the  Ixxly,  while  those  from  the  thoracic  part 
i/tbf  cord,  the  great  sympathetic  system,  innervate  practically 
ailrcfpoos  of  the  IhmIv.  In  their  physiological  an<l  phannacological 
rpartioiw  the  two  groups  offer  certain  contrasts,  which  have  been 
much  emphasized  in  recent  years.  For  this  and  other  rcHsons, 
Uofiey  has  suggest^  a  comprehensive  classification  based  on 
mfttomical  grounds  which  is  illustrated  iu  the  following  schema: 

Autonomic. 


PMrssympathetic. 


Sympathetic. 


Enteric. 


Orta«r 


Orv-nnal. 


■«BtaJ  Rulhtf 

autooooucs. 


Siicra! 
ftutonomics. 


Thiirnric 
uut<>tmmic8. 


*^  enteric  group  comprises  the  system  forming  the  extensive 
•■ejtuses  of  Auerbach  and  Mcissner.  We  know  but  little  in  regard 
**>  the  anatomical  connecti(ms  of  tliese  plexus<*s  with  the  central 
*Wfou»  system,  or  the  peculiarities  of  their  functional  activity; 
ttereforey  provisionally,  they  are  set  aside  as  a  separate  gn)up. 
Thtt  grouping  of  the  remaining  autonomic  fil)ers  into  two  gn»at 
dines — symjxithetic  and  parasympathetic — may  or  may  not 
wme  into  general  us<',  but  the  division  of  the  entire  system,  with 
Iht  «tccption  of  the  ent<*ric  fibers,  into  the  four  varieties  of  auto- 
tmal,  bulbar,   thoracic,   an<l  sacral,  ucconhng  to  tRPir 


point-  of  emergence  from  the  crntral  ner\'ous  sj'stem,  affords  a 
ttsefu]  l)a£iis  for  physiological  description.  Unfortunately,  in 
pharmacological  and  medical  literature  a  variation  in  this  nomen- 
dature  has  been  adopti^l  by  some  writers,  who  uso  the  word 
Mitofnomic  in  a  narrower  sense  to  designate  the  fil>ers  grouj>ed 
tndrr  the  tenn  "panL-^jTiipathetic"  in  the  above  schema. 

The  Nicotin  Method. — The  course  of  the  autonomic  fil>er8 
been  traced  in  many  cases  to  their  corresponding  sympathetic 
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nerve  cells  partly  by  the  method  of  secondary  degeneration  and 
partly  by  the  use  of  nicotin,  as  first  described  by  Langley  and 
Dickinson.*  These  authors  have  shown  that  after  the  use  <A 
nicotin,  either  injected  into  the  circulation  or  painted  upon  thi 
ganglion,  stimulation  of  the  preganglionic  fiber  in  any  part  of  iti 
course  fails  to  give  any  response,  while  stimulation  of  the  port 
ganglionic  fiber,  on  the  contrary,  is  still  effective.  It  would  seem 
therefore,  that  the  nicotin  paralyzes  the  connection  (the  synapse^ 
of  the  preganglionic  fiber  with  the  sympathetic  nerve  cell,  and  bj 
means  of  the  local  application  of  the  drug  it  is  possible  in  many 
cases  to  pick  out  the  ganglion  in  which  the  preganghonic  fiber  reailjf 
ends.  For  it  often  happens  that  in  the  sympathetic  trunk  a 
preganglionic  fiber  will  pass  through  several  ganglia  before 
making  final  connections  with  a  sympathetic  cell.  So  far,  tht 
course  of  these  fibers  has  been  traced  most  successfully  in  th« 
case  of  the  nerves  supplying  the  sweat-glands,  blood-vessels,  and 
especially  the  erector  muscles  of  the  hairs,  the  so-called  pilomotoi 
nerve-fibers.  The  visible  result  of  stimulation  in  the  last  casn 
gives  a  ready  means  of  determining  the  presence  of  the  fibers. 
General  Course  of  the  Autonomic  Fibers  Arising  from  tlu 
Spinal  Cord — ^Thoracic  Autonomics. — It  has  long  been  knowi 
that  the  spinal  nerves  are  connected  with  many  of  the  ganglia  of  th( 
sympathetic  chain  by  fine  branches  known  as  the  rami  communi 
cantes.  In  the  thoracic  and  lumbar  regions  (first  thoracic  to  secom 
or  fourth  lumbar)  these  rami  consist  of  two  parts,  a  white  and  i 
gray  ramus,  the  difference  in  color  being  due  to  the  fact  that  tb 
white  rami  are  composed  almost  entirely  of  meduUated  fiben 
while  the  gray  rami  are  largely  non-medullated.  In  the  cervical 
lower  lumbar,  and  sacral  regions  the  rami  consist  only  of  the  gra; 
part.  Physiological  experiments  show  that  the  white  rami  consia 
of  preganglionic  fibers  that  arise  from  nerve  cells  in  the  spinal  core 
pass  out  by  way  of  the  anterior  roots,  enter  the  white  ramiiS^Tan' 
thiis  ri^ftCh  the"sym pathetic  chain.  "On  entering  this  latter  the  fibc 
may  nol  end  at  once  m  the  gangTion  at  which  it  enters,  but  may  pas 
up  or  down  in  the  chain  for  some  distance.  Eventually,  however,  i 
ends  around  a  sympathetic  ner\'e  cell  and  the  path  is  then  coi 
tinned  by  the  axon  from  this  cell  as  the  postganglionic  fiber,  Tl 
gray  rami  consist  of  these  latter  fibers,  which  return  fromjthe  syn 
pathetic  chain  to  the  sgmal  nerves  anH  aro  tnftn  distnhiitfid  tH  tli 
areas  supplied  by  thj^]]p^i^r^'^gj  pgrtimilnrly  the  cutaneous  area 
since  the  skm  branchesare  the  onfR  t,>ig<--E"f^^  ^h^  K^v^^flFglnndi 
the  blood-vessels,  an^  fh^  grfictior  musfllftg  of  tbo  hnimi  It  will  I 
noted  that  the  fibers  that  pass  from  a  given  spinal  nerve — say,  tfc 
twelfth  thoracic — by  a  white  ramus  to  enter  the  sympathetic  chai 
*  "Proceedings,  Royal  Society,"  1889,  46,  423. 
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ib  ftot  return  as  p()st  ganglionic  fibers  by  the  gray  lamus  to  the 
une^iiiiAl  nene.  On  the  contran-.  the  gray  rnnniQnf  ^h^  t^-^tftV 
thotldc  may  congigt  of  thp  ]x>Btgimghonic  portion  of  autonomic 
fitun  tnaT  enter  the  aympathetic  through  a  wKle  ramus  of 
ccejtf  the  higher  thoracic  ncr\^e8.  In  general,  we  may^  say 
tkit  there  is  a  great  outrio\r*  of  autonomic  fibers,  including 
momotor,  sweat,  and  pilomotor  fibers,  in  the  white  rami  commu- 
ftieaDtesfrom  the  first  or  second  thoracic  to  the  second  or  fourth 
knbir  nen^es.  Those  of  these  fibers  that  are  to  be  distributed  to 
(beiki&  aiefts  of  the  body — head,  limbs,  and  trunk — return  by  way 
of  the  gray  rami  to  the  various  spinal  nerves  and  are  distributed  with 
thMntt\'e«,  tlie  distribution  being  somewhat  different  in  ciifferent 
intmib  and  for  the  several  varieties  of  fibers.  Those  fibers  that 
ire  distributed  eventually  to  the  blood-vessels,  glands,  and  walls 
d  the  viscera  have  a  different  course  fn>m  those  supplying  the 
fbads,  blood-vessels,  and  plain  muscle  of  the  head  region.  For 
Aebesd  region  the  fil^er^  after  entering  the  S3'mpathetic  chain  pass 
Vptipd  along  the  cervical  sympathetic  to  end  in  the  superior 
carical  ganglion ;  thence  the  path  is  continued  by  postganglionic 
fttD  which  emerge  by  the  various  plexuses  that  arise  from  this 
pmfion.  For  the  ab<lQminal  and  nelvjc  visfpni  tl^y  fil>er3  (particu- 
lafcjhe  rich  supply  of  vasoconstrictor  fibers),  after  entering  the 
fttbetic  Cham,  emerge,  stiJl  as  preganglionic  fitjers^bv  the 
^_gjig  neryj^  that  run  to  the  celiac  ^nntrljon  or  in  the  branches 
MDeeting  with  the  inferior  mesenteric  ganglia,  and  then  become 
pB^giDglionic  fibers  (see  Fig.  112).  The  details  of  the  course  of 
die  vatfomotor,  sweat,  visceromotor  fibers  to  the  different  regions, 
tltfcaxdiae  fibers,  etc.,  will  be  given  in  the  appropriate  sections. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 

ftifa— Tectal    and    Bulbar     Autonomics. — These    fil>ers    leave 

ttm  brain  in  the  thirds  seventh,  ninth,  tenth,  and  eleventh  cranial 

■enres.   Those  that  emerge  in  the  third  nerve  end,  as  preganglionic 

Sbtn,  in  the  ciliary  ganglion.    Their  postganglionic  fibers  leave 

tkift  ganglion  in  the  short  ciliar>'^  nerves  and  innervate  the  plain 

fniMcte  of  the  sjihincter  of  the  iris  and  the  ciliary  muscle.    The 

fibefB  that  emerge  in  the  seventh  and  nintli  ncrve^s  probably  supply 

the  fdand.^  and  blutKl-veissels  (vasodilator  fibers)  of  the  mucous 

9ri    '  '      •■  of  the  nose  and  mouth.    Some  of  these  fibers  reach  the 

*tf^\  -by  way  of  anastomosing  branches  and  are  distributed 

with  it.     Their  preganglionic  portion  tonninates  in  some  of  the 

ganglia  belonging  to  the  ^sympathetic  ty|)e  which  are  found  iu  this 

region,  such  a^  the  sphenopalatine  and  otic  ganglia^  and  the  sub- 

3llAr>'  and  sublingual  ganglia  for  the  fibers  ilistributcd  to  the 

of  the  same  narMc.    The  autonomic  fibers  that  arise  with 

Ith  (and  the  eleventh)  nerves  are  distributed  through  the 
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Physiologically  these  fibers  consist  of  motor  fibers  (viflcero- 

motor  fibers)  to  the  muscula- 
ture of  the  esophagus,  stomach, 
small  intestine,  and  large  intes- 
tine as  far  as  the  descendins 
colon,  motor  fibers  to  the  brwa- 
chial  musculature,   inhibitoiy 
fibers  to  the  heart,  and  secre- 
tory^ fibers  to  the  gastric  and 
pancreatic  glands.    The  gan^ 
glia  in  which  the  pr^angliomo 
portions   end   have  not  be«m 
definitely  located,  but   prob— 
ably  they  comprise  the  small 
and,  for  the  most  part,  un- 
named local  ganglia  found  in 
or  near  the  organs  innervated. 
General  Course  of  the  Au- 
tonomic Fibers  Arising  from 
the  Sacral  Cord — Sacral  Auto- 
nomics.— ^The  autonomic  fibers 
of  this  region  emerge  from  the 
cord  in  the  anterior  roots  d 
the  sacral  nences, — second  to 
fourth.     The    branches    frtMn 
these  roots  unite  to  form  the 
so-called  nervus  erigens  (pelvic 
nerve),  which  loses  itself  in  the 
pelvic  plexus  without  making 
connections  with  the  sympa- 
thetic chain  of  ganglia.     The 
pelvic  plexus  is  formed  in  part 
also    from     the    hypogastric 
nerve  arising  from  the  inferior 
mesenteric  ganglion.    Through 
this  latter  path  thoracic  auto- 
nomic  fibers  from  the   upper 
lumbar  region  enter  the  plexus 
(Fig.    112).     The    autonomic 
fibers   of  the  nervus   erigens 
supply  vasodilator  fibers  to  the 
external  genital  organs,  and  in 
the  male  constitute  the  nervous 
part  of  the  physiological  mech- 
anism for  erection,  whence  the 


Fig.  112. — Dtafn^m  upvinf^  a  schematio 
representation  of  the  courae  of  the  autonomio 
(sympathetic)  fibers  arising  from  the  thoracieo- 
nunbar  and  sacral  regions  of  the  cord.  The 
pregaDgtionic  fiber  is  represented  in  red.  the 
postganelionic  in  black  hnes.  The  arrows  in- 
dicate the  normal  direction  of  the  nerve  im- 
pulses or  nerve  conduction. _  S.c,  Superior 
cervical  ganglion ;  /.c,  inferior  cer\'ical  gan- 
glion; T,  the  first  thoracic  ganglion;  Sp.,  the 
splanchnic  ner\'e;  C,  the  semilunar  or  celiac 
rauifdion ;  m.,  the  inferior  mesenteric  ganglion ; 
ft.,  the  hypogastric  nerves;  N.E.,  the  ner\'us 
engens.  The  numerals  indicate  the  corre- 
vponding  spinal  ner\'es. 


6V1IPATHETIC    NERVOUS   SYSTEM. 


257 


They  supply,  also,  vasodilator  fibers  to  rectum  and  anus 
I  Biotor  filters  t^>  the  plain  mnseles  of  the  rolon  dpscrnden.'^, 
tun,  and  anus.  The  preganglionic  parts  of  thosi^  fil>ers  end  in 
nulbvTnpathetic  K^nglia  in  the  pelvic  plexus  or  in  the  neighbor- 
bood  of  the  orjcans  supplied. 

FonnalHode  of  Stimulation  of  the  Autonomic  Nerve  Fibers. 
^In  distinction  from  the  nerve  fibers  innerxating:  the  skeletal 
BBieleB  practically  the  whole  set  of  autonomic  fibers  is  removed 
from  the  control  of  the  will.  An  apparent  exception  to  this  general 
lUUcDmt  is  found  in  the  fact  that  the  ciliar}*  muscle  of  the  eye  is 
iMoixigty  under  voluntar>'  control.  We  must  suppose  that  under 
noHDal  conditions  the  autonomic  fibers  are  always  excited 
rrtttly,  and  the  course  of  the  afferent  fibers  concerned  in  these 
nfcsfls  and  the  nature  of  the  effective  sensory  stimulus  in 
'  •  ise  are  important  in  the  consideration  of  each  of  the 
I'tRical  mechanisms  involved.  Most  of  these  mechanisms, 
m  ire  whall  find,  work  reflexly — that  is,  without  voluntary 
mitiition — and,  for  the  most  part,  unconsciously,  for  instance, 
tbf  movements  of  the  intestines,  the  secretion  of  the  digestive 
liiiuls,  and  the  contraction  and  dilatation  of  the  arteries. 
The  mtoDomic     nerve-fibers     control,    therefore,    the    uncon- 


c<>-ordinated  actions^  the  so-called  vegetative  processes, 

<j_tt>  body.    There  is  no  apparent  reason  in  the  anatomical  ar- 

naiements  why  these  fibers  should  be  free  from  voluntary  control. 

TWr  distinpiiishing  characteristic  in  comparison  with  the  nen-es 

fvtbe  voluntary  movements  is  the  fact  that  they  all  terminate 

firttin  sympathetic  ner\'e  cells;  but  this  fact  gives  no  explanation 

dlhiB  abaenoe  of  conscious  control  by  the  will.     We  are  justified  in 

■jfag  that  nerve  paths  that  pa^  through  sympathetic  nerve  cells 

oaiioC  be  excited  voluntarily;  but  the  immediate  reason  for  this 

Ikci  IB  probably  to  be  found  in  the  ultimate  point  of  origin  of  these 

,  pttbs  in  the  central  nervous  system.    What  we  designate  as  vol- 

^VBtAiy  motor  paths  arise  in  a  definite  region  of  the  cortex, — the 

taotor  Area  in  the  frontal  lobe.     Our  motor  conceptions  or  ideas 

PU  affect  the  efferent  paths  arising  in  this  region,  but  not  thoee, 

IppftTCfitlyi  which  originate  in  other  parts  of  the  brain. 

17 


CHAPTER  Xin. 
THE  PHYSIOLCXiY  OF  SLEEP. 

The  state  of  more  or  less  complete  unconsciousness  which  we 
designate  as  sleep  forms  a  part  of  the  phj'siology  of  the  brain  which 
naturally  has  attracted  much  attention,  and  the  theoretical  explana- 
tions that  have  been  advanced  at  one  lime  or  another  are  exceed- 
ingly numerous.  The  same  ctmdition  occurs  in  many,  if  not  all,  of 
the  other  mammalia,  and,  indeed,  in  ail  living  things  there  occur 
periods  of  rest  alternating  with  periods  of  activity.  Whether  the« 
periods  of  rest  are  es^sentially  similar  iji  nature  to  sleep  in  man 
is  a  question  in  general  physiology'  that  can  he  solved  only  when 
we  know  more  of  the  cheinL*tr>'  of  living  matter.  Wit  lain  the  human 
body  there  are  other  tissues  that  exhibit  periods  of  rest  alternating 
^•ith  periods  of  acti\nty,— the  gland  cells,  for  example.  The  secret- 
ing cells  of  the  pancreas  have  a  period  of  activity  in  which  the 
destructive  processes  exceed  the  constructive,  and  a  period  of  rert 
in  which  these  relations  are  reversed.  We  may  compare  this  con- 
dition in  the  gland  cells  with  that  in  the  brain.  Sleep,  from  tbi» 
standpoint,  Ls  a  period  of  comparative  rest  or  inactivity,  dining 
which  the  constructive  or  analmlic  processes  are  in  excess  of  the 
tlLsassimilator)'  changes.  The  jjeriod  of  sleep  is  a  period  of  re- 
cuperation, and  doubtless  all  tissues  have  these  alternating 
phases.  To  explain  sleep  fundamentally,  therefore,  it  would  l* 
necessary  to  understand  the  clienucal  changes  of  anabolism  and 
catabolmm,  and  an  explanation  of  the  sleep  of  the  brain  tissues 
would  doubtless  explain  the  similar  phenomenon  in  other  tissues. 
But  what  the  physiologists  desire  first,  and  have  attempted  to 
deteriiiinr^  is  an  explanation  of  why  this  condittim  comes  on  with 
a  certain  j>eriodical  regularity, — an  explanation,  in  other  words,  of 
the  mechanism  of  sleep,  the  change  or  changes  in  the  brain  or  tbe 
body  which  reduce  the  metabolism  of  the  brain  tissue  to  such 
an  extent  that  it  falls  below  the  level  neeessar}'  to  cause  confic^ou^ 
ness. 

Physiological  Relations  during  Sleep.— The  central  and  most 
important  fact  of  sleep  is  the  partial  or  complete  loss  of  consciouB- 
ness,  and  this  j)henomenon  may  he  referred  directly  to  a  lessened 
metabolic  actixity  in  the  brain  tissue,  presumably  in  the  cortex 
cerebri.    During  sleep  the  following  changes  have  been  recorded: 
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ItertBpiratioDS  become  slower  and  deeper  and  the  costal  respiratioa 
^cfpintioa  by  elevation  of  the  ribs)  predoniinates  over  the  ab- 
dominal or  diaphragmatic  respiration  as  coinpfired  with  the  waking 
loodition.    The   respiraton'   movements  also  show  fret]uently  a 
twtency  to  become  periodic, — that  is,  to  increase  and  decrease 
refulftriy  in  groups  after  the  manner  of  the  Cheyne-Stokes  type 
ii(  breathing.    The  expiration  is  frequently  shorter  and  more  audi- 
ble than  in  the  respirations  of   the  waking  hours.    The  eyeballs 
nQ  upward  and  outward  :ind  the  pupii  is  constricttni.     According 
UiLomhard's  ohservations,  tht'  kntn^kick  decreases  or  disappears 
fDliidv  during  sleep.    »Sonie  of  tiie  conatiiiit  secretions  are  dimin- 
■bed  in  amount, — as,  for  instance,  the  urine,  the  teare,  and  the 
MRtioD  of  the  mucous  glands  in  the  nasal  or  phar^'ngeal  mem- 
bnoe.    One  of  the  familiar  signs  of  a  sleepy  condition  is  the  drv'ness 
rf  the  surface  of  the  eyes,  a  condition  that  leads  to  the  rubbing 
d  the  e>*es,     It  is  sometimes  stated  that  the  digestive  secretions 
m  diminished  during  sleep,  but  the  statement  does  not  seem  to 
wt  upon  satisfactory-  observations,  antl  may  be  doubted.     The 
puls(vrnt4*  deore4t«os  during  sloop,  the  bhjod-pressure  falls  some- 
what, and  there  arc  certain  signif)<*!int  clitingcs  in  the  distribution  of 
blood  in  the  iKxiy.     Those  latter  changes  will  he  referred  to  more 
indrtail  below.     The  physiological  oxidutioiLs  are  abo  decreased, 
90  shov-n  by  the  diminishotl  output  of  carbon  dioxid.     On  the 
whoJf,   however,    the    physi(»togical    activities    of    the    body    go 
00  much  as  in  the  waking  condition.        Those  clumges  in  ac- 
tiriiy  tliat  do  oc<*iir  are,  in  the  nuun,  an  indirect  result  of  the 
pvtod  or  complete  c(?ssation  of  activity  in  the  cerelirum.     One 
ini|ht  aay  that  while  the  cortex  of  the  brain  sleeps^ — that  is,  is 
inartive — most  of  the  other  organs  of  the  b<xly  may  be  awake  and 
aiint&in  tlieir  normal  activity.     Anf)theT  fact  of  interest  is  that 
thu  entire  cortex  does  not  fall  asleep  at  the  same  instant  nor 
ahvBTS  to  the  same  extent.    Ordinarily  as  sleep  sets  in  the  power 
tc  nwke  conscious  movements  Ls  lost  first  ami  the  auditor}'  sen- 
ribility  last,  and  on  awakening  the  reverse  relation  holds.     The 
ividual  may  be   conscious  of  sound   sensations  before  he  is 
iciently  awake  to  make  vohmtan'  movements. 
The  Intensity  of  Sleep. — The  intensity  of  sleep — that  is,  the 
depth  of  unconsciousness — has  been  stutlicd  by  the  simple  device 
of  asoertaining  the  intensity  of  the  sensory  stimulus  necessar}'  to 
awaken  the  sleeper.  Kohlschiitter  ♦  used  for  this  purpose  a  pendu- 
lum falling  against  a  sounding  plate.     At  int^r\'als  of  a  half-hour 
during  the  period  of  sleep  the  auditor}'  stimuli  thus  produced  were 
in  intensity  until  waking  was  caused.       His  results   are 
in  the  cur\'e  shown  in  Fig.  113,  in  which  the  mtensity 
•  KoUachutter,  "Zeitochrift  f.  rutionellc  Medicin,"  IHQS. 
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of  the  sleep  is  represented  by  the  height  of  the  ordinates.    Accord* 
ing  to  this  curve,  the  greatest  intensity  is  reached  about  an  hour 
after  the  beginning,  and  from  the  second  to  the  third  hour  onward 
the  depth  of  sleep  is  very  slight;  the  activities  of  the  brain  lie  just 
below  the  threshold  of  consciousness.    It  appears  also  from  this 
curve  that  the  recuperative  effect  of  sleep  is  not  proportional  to 
its  intensity.    The  long  period  from  the  third  to  the  eighth  hour, 
in  which  the  depth  of  sleep  is  so  slight  is  presumably  as  important 
in  restoring  the  brain  to  its  normal  waking  irritability  as  the  deeper 
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Fig.  113. — Curve  illustrating  the  strength  of  an  auditory  stimulua  (a  ball  falling  from 
ft  height)  necessan'  to  awaken  a  sleeping  person.  The  hours  marked  below.  The  t«ti 
were  made  at  half-hour  intervals.  The  curve  indicates  that  the  distance  through  whidi 
it  was  necessary  to  drop  the  ball  increased  during  the  first  hour,  and  then  diminished,  at 
first  very  rapidly*  then  alovfly, —(KohlachQUer.) 


period  up  to  the  third  hour.  That  this  is  the  case  is  perhaps 
sufficiently  demonstrated  by  the  experience  of  every  one,  but 
Weygandt  has  attempted  to  prove  the  point  by  direct  experi- 
ments. He  found  that  for  simple  mental  acts,  such  as  the  ad- 
dition of  pairs  of  figures,  a  short  sleep  was  as  effective  as  a  longer 
one,  but  for  more  difficult  mental  work,  such  as  memorizing 
groups  of  ten  figures,  efficiency  was  distinctly  improved  in 
proportion  to  the  length  of  sleep.  It  is  probable  that  the  curve 
of  intensity  of  sleep  varies  somewhat  with  the  individual  and 
also  with  surrounding  con<litions.  That  individual  variations 
occur  is  indicated  by  the  results  obtained  by  two  other  observers, 
Monninghoff  and  Piesbergen,*  who  used  the  same  general 
method  as  was  employed  by  Koklschiitter.  The  sleeper  was 
awakened  by  auditory  stimuli  produced  by  dropping  a  lead 
♦Mdnninghoff  and  Piesbergen,  "Zeitschrift  f.  Biologie,"  19,  1,  1883. 


m  varying  heights  upon  a  lead  plate.  Only  two  expen- 
msill  were  made  each  night,  and  the  curves  constructed  repre- 
sent, therefore,  composites  from  several  periods  of  sleep.  One 
of  the  curves  obtained  is  represented  in  Fig.  114,  Arcording 
to  this  curve  the  maximum  intensity  is  readied  between  the 
first  ftud  second  hours,  and  between  the  fourth  and  the  fifth 
bftur  there  is  a  second  slight  increase  in  intensity,  giving  a 
second  maximum  in  the  curve.  This  latter  feature  of  a  second 
increase  in  intensity  toward  morning  is  very  apparent  also  in 
wme  interestiilg  curves  obtained  by  Czerny  from  cliikh'en  of 
different  ages.  His  method  of  awakening  the  sleeiier  was  to  use 
induction  shocks  of  varying  intensities.  In  cluldren  of  four 
years  with  a  normal  period  of  sleep  of  about  twelve  hours  the 
furve  shows  a  very  marked  increase  in  intensity  toward  morning, 
».<  shown  in  Fig.  115.  Curves  made  by  similar  experimental 
ntethods  are  reported  by  Howell  and  by  Michelson.*  The 
striking  feature  about  all  the  curves  is  the  sharp  increase  in 
intea.<ity  shortly  after  falling  asleep;  in  most  cases  the  iiiaxiiiiiim 
is  reached  at  the  first  or  second  hour  of  slumber,  but  Michclsitn 
Mieves  that  there  are  two  classes  of  individuals  in  this  respet-t, 
those  with  morning  dispositions  in  w^hom  the  maximum  of 
iwotal  efficiency  occurs  early  in  the  day  and  who  upon  going  to 
*l«^  show  a  maximum  of  intensity  within  an  hour,  and  those 
'^ith  evening  dispositions  whose  maximum  efliciency  comes 
hltT  in  the  day  and  whose  curve  of  sleep  reaches  its  maximum 
"'intensity  with  relative  slow^ness  (1 }  to  3^  hrs.). 

Changes  in  the  Circulation  during  Sleep. — That  the  circula- 
tioo  undergoes  distinct  anfl  chnrarteristic  changes  during  sleep 
■n^pi  sho%%'n  upon  man  by  phlethysmogrnphic  obsen'ations  and 
•^W  the  lower  animals  by  direct  kymographic  experiments, 
Lsng  very  young  dogs,  Tarchanofff  has  been  able  to  measure 
lieir  blood-pressure  while  sleeping.  He  finds  that  the  pressure 
io  the  aorta  falls  by  an  amount  equal  to  twenty  to  fifty  millimeters 
of  meiturj*  during  sleep,  and  that  the  same  general  fact  is  true 
ferman  is  shown  by  the  sphygmomanometrir  observ^ations  reported 
ky  Brush  and  Fayenveathcr.J  Making  use  of  patients  with  a 
tfepbine  hole  in  the  skxill,  MossoS  found  tlnit  <luring  sleep  the 
vohune  of  the  brain  thminishes,  whik*  tluit  of  the  arm  or  foot 
iiirrea-ses.  The  apparent  explanation  of  this  fact  is  that  the 
Wood-veasels  in  the  body  dilate,  and  receive,  therefore,  more 

*Ho«9n.  "Journal  of  Experimental  Medicine,"  2,  3)3,  1.S97.     Michel- 
le "IKnerUtioii/'  Dorpat,  1H01. 
tTardianoff,  "Archives  ituliennes  de  biologie/*  21,  318,  1894. 
tBruah  and  Fayerweather,  "American  Journal  of  Physiology/'  n,  199, 

Ueber  den  Kreislauf  dea  Blutes  irri  iiienschlichen  Gehim,"  1881, 
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Fig.  114. — Curra  of  intenmty  of  sleep  according  to  MQnnini^pCr  mnd  Hesberna.  It 
figurea  along  the  abscissa  represent  time  m  hours  from  the  beginninK  of  sleep;  those  alqo 
the  ordinate  the  relative  intensity  of  sleep  measured  in  milUgram'millimetera.  \ 
the  intensity  of  aound  of  a  falling  body  necessary  to  awaken  the  aleeper. 
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Fig.  115. — Curve  of  intensity  of  sleep  in  a  child  of  three  years  and  eight  months,  aa  dati 
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Uotx!,  while  a  smaller  amount  flows  to  the  brain.    Thr  volume  of 
the  foot  or  hand  was  measured  in  these  expt^riments  l\v  inra.^^inp 
H  in  &   plefhysmograph    (see   section 
oarucubition).    Unfortunately,  this  re- 
«ult  hM   been   contradktetl    by   other 
ofaMnrnSy^  who  claim  that  during  sleep 
tbere  is  a  vascular  dilatation  in  the  brain 
tfiveU  lis  in  the  limbs.     In  view  of  this 
iction  in  results  between  experi- 
tuaking  use  of  similar  methotls 
odrork.  it  is  evident  that  theories,  such 
ai  are  described  l>elow,  which  are  ba.se<i 
upon  a  diminution  in  blood-flow  through 
the  brain,  are  brought  into  question. 
More  extensive  observations  upon  iu- 
(iividualfl  with  an  opening  in  the  skull- 
••all  are  greatly  nee<le<l  to  determine  this 
point.    The  author  f  hjis  exten<led  Mos- 
id's  observations  so  as  to  obtain  a  pleth- 
5>D0gniphic  record  of  the  volume  of  the 
baod  and  part  of  the  forearm  during 
•  period  of  normal  sleep.     (,)ne  of  the 
raeords  thus  obtained  is  given  in  Fig. 
116.      The    amount    of    dilatation    is 
pvcn  by  the  ordinates  below  the  base 
fee.    Granting    that    the    increase    in 
voioBie  of  the  hand  and  arm  is  caused 
lyin  increase  in  the  volume  of  blood 
fltatained    in    their    blood-vessels,    the 
fonre   shows    that    during    and    after 
the  onset  of  sleep  the  blood-vt^sels  in 
tbe  arm    slowly    dilate    until    between 
one   and    two    hours    after    the    begin- 
ning   of    sleep.     After    this    maximum 
is  reshched  the  arm  remaias  more  or 
lesi  of  the  same  volimie  for  a  certain 
pcriofl    or    else    diminishes*    in    volume 
vwy  gratlually,     Shortly  before  waking, 
bofpever,  the  arm  begins  to  diminish 
rapidly  in  size,  owing,  doubtless, 
the  contraction  of  its  blood-vessels; 
90  that  at  the  time  of  awaking  it  has  practically  the  same  vohime  as 
lU  ih4*  l>e^nning  of  sleep.     If.  on  the  basis  of  Mosso's  experiments, 

f        •  ShcMrd.  "AiDHican  Jounuil  of  Physiology."  23,  1909  ("Proc.  Amcr. 
Phync4.  Soc'');  Brodtiuimi,  "Journal  f.  t'sypholopip  u.  Neurologie/'  I,  10, 
I  ltNX2.  t  HowpU,  loc.  cit. 
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we  assume  that  the  blood-flow  in  the  brain  stands  in  a  reciprocal  rp- 
latiou  to  that  in  tlio  ann,  tJiits  curve  may  be  taken  to  indicate  that 
before  and  after  the  onset  of  sleep  the  lilood-ilow  through  ibe 
brain  diminishes  rapidly  to  a  certain  point  and  that  before 
awaking  the  l)h>(>d-flo\v  begins  to  increase  again  until  it  reaches 
normal  proporliotis. 

Effect  of  Sensory  Stimulation. — Tliat  sensory  stimuli  of  vari- 
ous kinds  alTcct  a  sleeping  imiividual  without  entirely  awaking 
him  is  shown  by  the  movements  that  may  l>e  caused  in  this 
way,  and  lUso  by  the  nature  of  the  dreams  whirh  may  l>e  pro- 
voked. It  is  very  interest ing  to  finci  from  pletliysmograpluc 
observations  that  all  kinds  of  sensory  stimulations  from  without 
and  from  within  are  liable  to  affect  the  circulation  uf  the  blood 
during  sleep.     As  shown  by  the  plethysmograph.  the  volume  of 


Fig.  117. — Sleep:  A.  offppt  nf  external  imprtuwion  (mumc  box),  insufficient  to  awaken 
sleeper,— tt  inurked  diniinution  in  volume  of  the  arm;  B,  effect  of  external  tnipre*«oD 
[inuiiir  boxj  HufHcioxit  tr>  awaken  iil(^p|>er:  &  ctronger  diminution  in  Vi>luui<f  followed  l^ 
oilatatioo  &»  ttio  subject  Kg^in  f^H  aviec-p. 


the  arm  diminishes  more  or  less  in  proportion  to  tlie  intensity 
of  the  stimulus,  and  the  probable  interpretation  of  this  fact  is 
that  the  sensory  stimulus  acts  refiexly  upon  the  vasomotor  ■ 
center  in  tlie  meilulhi  and  causes  through  it  a  contraction  of 
the  blnod-vessels.  In  the  rurve  shown  in  Fig,  116  most  of 
the  irregulaiities  were  traceable  to  causes  of  this  kind, — noises 
in  the  building  or  street  or  other  sensory  stimuli.  The  same 
fact  is  exhibited  in  a  striking  way  by  the  curves  given  in  Fig. 
117.     In  these  experiments  the  recorder  attachetl  to  the  plethys- 
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pst«r  the  changes  in  volume  waa  of  a  diflFerent 
'(tambour)  and  the  ret'ord  reads  in  a  reverse  way  to  that 

Era  m  Fig.  1 16, — that  is,  a  dilatation  Ls  recorded  by  a  rise  la 
conre  and  a  constriction  by  a  fall.  The  recorder  being  more 
itiw,  the  volume  changes  in  the  arm  due  to  the  heart  beat  are 
Iriariy  indicated.  The  legends  attached  to  the  illustration  explain 
khtrcBultfl  of  the  experiments. 

I  Aeories  of  Sleep. — Many  hypotheses  have  l^een  advanced 
lloexplain  the  nature  and  causation  of  sleep.*  Confining  ourselves 
[totlM*  more  re<M'nt  hj7X)theses  that  attempt  to  explain  the  inimedi- 
ilp cause  ol  the  pro<Iuction  of  the  condition,  the  following  lirief  de- 
loiptioQ  Hill  suffice  to  show  the  nature  of  the  theories  proposed: 
J.  The  Accumulali^n  of  Acid  Watile  Produdii. — Prcyerf  and 
|d  Oberetriner  have  suggested  that  the  accumulation  of  acid 
We  products  in  the  blood  brings  on  a  gradually  increasing  loss  of 
lilabtljty  or  fatigue  in  the  brain  cells  which  results  finally  in  a 
of  their  acti\ity  sufficient  to  cause  unconsciousness.  It 
that  functional  activity  in  the  muscle  is  accompanied  by 
ition  of  acid  waste  products,  especially  sarcolactic  acid, 
not  reraovetl  as  quickly  as  formed  these  products  c^use 
>n  and  finally  a  loss  of  irritability.  The  central  nerve 
activity  show  also  an  acid  reaction.  Moreover,  if  lactic 
i  sodium  salt  is  injected  into  the  blood  it  brings  on  a  con- 
I  of  fatigue  and  finally  a  state  of  unconsciousness.  The  theory, 
suppost-s  that  during  the  waking  hours  the  constant 
_pf  the  muscles  and  nervous  system  results  in  a  gradual 
of  these  waste  products,  since  their  oxidation  and 
not  keep  pace  with  their  production.  The  end- 
is  a  diminishing  irritability  of  the  central  nervous  system, 
ly  perhaps  of  the  cortex,  which  results  finally  in  invol- 
sicrp,  although  normally  the  accumulation  is  not  carried 
extreme,  since  it  is  our  habit  to  induce  sleep,  when  the 
I  of  sleepiness  become  apparent,  by  withdrawing  ourselves 
Din  eocfttations,  mental  or  sensory.  No  exjx?rimental  confirma- 
M  of  this  theor>-  has  \ycen  funiished. 

2.  Consumption  of  0w  Intramokcular  Oxygen. — PfliigerJ  suggests 
lai  the  cauao  of  sleep  lies  essentially  in  the  fact  tliat  the  brain  cells 
prh^  the  waking  hours  use  up  their  store  of  oxygen  more  rapidly 
han  H  can  be  replaced  by  the  absorption  of  oxygen  from  the  blood. 
\m  remit  is  a  gradual  reduction  in  irritability;  so  that  when 
atimuli  are   mthdrawn   the  oxidations  in  the  cells  sink 


•  very  complete  statement  of  i\w  thecirios  of  Blc<cp  and  for  the 
ia  amcntl.  sw  thr  excellent  book  by  Pi^ron,  "Le  probl^me  physio- 
^^  da  ■otnmeil,    Paris,  UHa. 

r^^MTw,  "Centralblatt  f.  c|.  tnoa.  Wiss,"  13,  577,  1875;  and  Oberateiner, 
yhBIMaM>  Zcil.^hrift  f.  Psychiatric," 


I  PflQxiet.  "Archiv  f.  d 


20.  224.  1872-73. 
Ri^j»ainmie  Physiologie,'*  10,  46S,  1875. 
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below  the  level  necessary  to  arouse  consciousness.  During  sleep 
the  store  of  intramolecular  oxygen — ^that  is,  the  oxygen  synth^ 
ically  combined  by  anabolic  processes  to  form  the  irritable  living 
matter — is  again  replenished.  The  fundamental  conception  qb 
which  this  theory  rests,  the  idea,  namely,  of  a  storage  of  int* 
molecular  oxygen,  has  been  practically  abandoned, 

3.  Toxin  Theories. — Quite  a  number  of  writers  have  assumed 
that  some  special  toxin,  which  might  be  called  a  hypnotonn, 
is  formed  during  the  waking  hours,  and  finally  accimiulates  in 
suflBcient  quantity  to  inhibit  the  activity  of  the  cortical  cells.  A 
specific  view  of  this  kind  has  been  proposed  by  Pi^ron,  and  to  i 
certain  extent  has  been  supported  by  experiments.     It  has  been 
shown  that  very  young  dogs,  when  deprived  completely  of  sleep, 
will  die  within  four  to  six  days.     Pidron,  making  use  of  the  method 
of  experimental  insomnia,  states  that  dogs  kept  awake  for  periods 
of  thirty  to  three  hundred  hours  show  evidence  of  an  intoxicatktt, 
not  only  in  the  extreme  sonmolence  manifested,  but,  microeoc^ 
cally,  in  that  the  cortical  cells  in  the  frontal  r^on  are  distinctly 
altered.    When  the  blood  or  cerebrospinal  liquid  of  such  animak 
is  injected  into  the  brain-ventricles  (fourth  ventricle)  of  another 
animal,-  the  latter  is  thrown  into  a  condition  of  somnolence,  and 
exhibits  changes  in  his  cerebral  cortex  similar  to  those  in  the  dog 
suffering  from  insomnia.    This  assumed  hypnotoxin  is  precipitated 
by  alcohol  and  is  destroyed  by  a  temperature  of  65°  C.    In  his 
complete  theory  the  author  supposes  that  the  toxin  acts  directly 
to  arouse  somnolence,  but  that  the  sudden  advent  of  deep  sleq) 
is  due  to  the  fact  that  the  toxin  sets  into  action  some  unknown 
nervous  inhibitory  mechanism. 

4.  The  Neuron  Theory, — Duval,*  Cajal,  and  others  have  applied 
the  neuron  doctrine  to  explain  the  occurrence  of  sleep.  According 
to  the  neuron  conception,  the  connection  between  the  cells  in  the 
cortex  and  the  incoming  impulses  along  the  afferent  paths  is  made  by 
the  contact  of  the  terminal  arborizations  of  the  afferent  fibers  witii 
the  dendrites  of  the  cell.  Assuming  that  these  latter  processes  are 
contractile,  Duval  supposes  that  sleep  is  caused  mechanically  by 
their  retraction,  which  results  in  breaking  the  connections  and 
thus  withdrawing  the  brain  cells  from  the  possibility  of  external 
stimulation.  Conductivity  is  re-established  upon  awaking  by  the 
elongation  and  intermingling  of  the  processes  again  re-establishing 
physiological  connections.  The  numerous  efforts  made  to  demon- 
strate the  fact  of  a  retraction  of  the  dendritic  processes  by  histo- 
logical examinations  of  brains  during  sleep  or  narcosis  have,  how- 
ever, not  been  successful. 

*  Duval.  "Comptes  rendua  de  la  soc.  de  biol,"  February,  1895;  and  Cajal, 
"Archiv  f.  Anal.  (u.  Physiol.),"  375,  1895. 
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Theories. — Some  authors  regard  the  condition 
M  eaSised  by  a  process  of  inhibition  (Pawlnw),  although 
neduuiJSin  by  which  thi.s  inliibition  is  cxertc^d  and  tlie  ciiuse 
ffai  periodic  nM*um.'n<*e  arc  not  exphiiruHJ.  Shepard*  defines 
dffp  8S  a  ilominance  in  attention  of  a  group  of  fatigue  sensa- 
tiaiu  which  inhibit  the  motor  processes  and  the  sensations  aroused 
IkRMgh  the  usual  avenues  of  sense. 

L  Anemia  Tha/ries  of  Sleep. — It  is  known  Ihal  experimental 
islerfatnce  with  the  supply  of  blood  to  the  brain  bring;*  on  uncon- 
ipQBWMW  practically  inmiediately.  Quite  naturally,  therefore, 
Im  been  suf^gested  that  the  ahernation  U*tween  sleeping  and 
m:»y  be  connected  with  a  rhythmical  variation  in  the 
through  the  cortex.  Numerous  facts  in  piiysiology 
ft  lUftdr  it  probable  that  during  sleep  there  is  a  diminished  flow 
through  the  brain,  a  condition  of  cerel>ral  anemia.  In 
with  the  l)rain  exposed  or  with  a  glass  wiiidmv  in  the 
it  hskn  Ijetni  observed  directly  thiit  th(*  How  of  blood  to  the 
ifl  diminisheii  during  sleep.  Mosso's  plethysniographic 
K'nt**  mentioned  al>ove  have  been  given  a  similar  inter- 
and  Tarchanoff's  obstTvations  ujjon  shn^ping  dogs,  as 
lirect  detenninations  upon  man  by  Brush  an4l  Fayer- 
Ather,  show  that  the  arterial  pressure  fulls  during  sleep. 
Kikrrt  has  shown  that  the  venous  pressure  also  falls  during 
,  and  that  the  cutanetms  veins  of  the  hand  may  exhibit  a 
',  indicating  a  dilatation  of  the  cutaneous  artxTies.  Inas- 
as  I  he  le^senetl  pressure  in  the  arteries  is  accompanied  by  a 
.tation  of  the  vessels  of  the  skin,  as  shown  by  the  plethysmo- 
,  it  U  probable,  when  the  facts  previously  mentioned  arc 
;en  into  consideration,  that  the  diminished  pn'ssure  in  the 
forces  less  bloo<l  througli  the  l>rain  and  more  through  the 
vessels  of  the  skin.  In  fad,  as  is  explained  in  the  s4vtion 
I  circulation,  it  is  probable  that  the  blood-flow  through  the 
ta  normally  regiilated  indirectly  by  the  circulation  in  other 
of  the  IkkIv.  Constriction  of  bloo(i-vessels  elsewhere  in- 
arterial  pressure  and  shunts  more  bIo<xl  through  the 
aitt,  and  ncv  ver^a.  This  genend  view  is  in  accord  witli  the  fact 
aensofy  stimuli  and  increased  mental  activity  are  accom- 
by  a  constriction  of  the  blootl-vessels  (of  the  skin)  and  a 
of  arterial  pressure,  whik%  on  the  other  hand,  mental  inac- 
rily  and  especially  sleep  are  accomi)anieil  by  a  dilatation  of  the 
t>od-vesaeb  of  the  body  (skin  vessels]  and  a  fall  of  arterial 
Many   facts,   therefore,   point   to  an   anemic  condi- 

*Sb«l»nrl.  *The  Circulution  and  Slee|>"  ("Univ.  of  Micliigan  Studies," 

ftUfieScrW.  vol.  i.  1914). 

t  Booker,  "Axncricao  Journal  of  Physiology/'  35,  73,  19U. 
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tion  of  the  brain  durinp;  sleep,  and  some  physiologists  have  l)^ 
lieved  that  thiH  condition  pre(H'des  and  causes  the  stat**  of  sleep, 
while  others  take  the  opposite  view  that  it  follows  and  is  merely 
one  result  of  slet*p.  On  the  bai^is  of  the  plethysmo^rraphio  ex- 
p<^riinents  mentioned  al>ove  the  authi>r*  has  proposed  a  theory 
of  sleep  in  which  the  diminished  flow  of  blood  to  the  brain  is  ex- 
plained and  is  assunieil  to  be  the  chief  factor  in  bringing  on  sleep, 
The  theory  assumes  that  the  periodicity  of  sleep  is  dependent 
mainly  uiKin  a  rhythmical  loss  of  tone  in  the  vasomotor  center i 
the  medulla  in  consetjuenee  of  fatigue  from  continued  acli\itj 
during  the  waking  hours.  That  is,  the  vasomotor  center  is 
constant  action  during  this  period;  the  continued  flow  of  sensory 
stimuli  and  the  constant  activity  of  the  brain  act  reflexly  on  thif 
center  and  through  it  cause  a  constriction  of  tlie  blood-vessels  J 
the  bodVf  particularly  of  the  skin,  by  means  of  which  the  blood 
flow  through  the  brain  is  maintained  with  an  adequate  velodlj 
In  consequence  of  this  van'ing  but  constant  activity  the  centei 
undergoes  fatigue;  stronger  and  stronger  stimulation  is  neces 
to  maintain  its  normal  tone,  and  eventually  its  effect  on  tiie  blood 
pressure  becomes  insufficient  to  maintain  an  adequat<;  flow  througk 
the  brain  and  unconsciousness  or  sleep  results,  even  against  our 
desires,  as  is  shown  by  the  experience  of  those  who  have  altemptoJ 
to  keep  awake  much  beyoncl  the  habitual  perioil.  OrdiiiiuilyJ 
however,  this  fatigue  of  the  vasomotor  center  and  its  resultiad 
tendency  to  a  cessation  of  activity  is  favored  by  our  voluntAT 
withdrawal  of  stimulation.  Our  preparations  for  sleep,  closure  o 
eyes,  darkenetl  and  if  possible  quiet  room,  cessation  from  disturbin 
thoughts,  result  in  a  diminution  of  the  sensory  and  mental  stimul 
that  normally  play  upon  the  v;isomotor  center.  The  cessalid 
of  such  stimuli  may,  indeed,  at  any  time  be  all  that  is  neceasa^ 
to  bring  about  a  partial  loss  of  activity  in  this  center,  a  Id 
Kencil  flow  of  blood  through  the  brain,  and  a  period  of  sleep  whicl^ 
however,  is  usually  short.  If,  however,  the  vasomotor  center  hi 
l>een  previously  fatigued,  as  may  be  supposed  to  be  the  case  attfc 
end  of  the  day,  the  withdrawal  of  these  stimuli  j>ermits  it  to  fi 
into  a  more  complete  state  of  inactivity,  and  the  diminution  « 
bloo<l-flow  to  the  brain  and  the  state  of  unconsciousness  is  longfl 
lasting, — lasts  indeed ^  acco riling  to  the  cur\^es  of  which  an  exampl 
is  given  in  Fig.  116,  until  the  gradual  resumption  of  activity  in  th 
vasomotor  center  brings  about  a  constriction  of  the  bloo<l-veflsel 
of  the  body  and  thus  drives  enough  blood  through  the  brain  t 
cause  spontaneous  awakening.  A  third  factor  which  must  aid  il 
the  production  of  unconsciousness  as  a  result  of  the  lessened  flo* 
of  blood,  and  in  the  n^turn  of  consciousness  in  connection  wit 
•  Huwell,  "Journal  of  Experimental  Medicine."  2,  313,  18d7. 


HlLual  conditions  this  is  the  factor  that  stands  in  most 
ate  relation  to  that  appearance  and  disapix?arance  of  full 
isness  which  mark  for  us  the  limits  of  sleep.  A  similar 
advocate  by  Hill,*  who  believes,  however,  that  the  regU' 
rf  the  blood-flow  throiigii  the  brain  is  effected  through  the 
tor  control  of  the  splanchnic  area,  whereas  the  author's 
that  the  regulation  is  effected  mainly  through  variations 
cutaneous  circulation, — that  is,  for  the  normal  occurrence 
.  The  drowsiness  that  follows  a  heavy  meal  is  probably  due 
to  the  mechanical  effect  of  a  dilatation  of  the  blood-vessels  of 
cera  and  the  consequent  diminution  in  the  blood-flow 
I  the  brain;  but  the  sleep  that  occurs  at  the  end  of  the  day 
iatod  with  a  dilatation  of  the  blood-vessels  of  the  skin  of 
Ilk  and  extremities.  What  the  condition  in  the  visceral 
W^y  Ix'  at  such  times  we  have  at  present  no  nieAns  of 
P  It  should  be  stated  that  in  opp<jNition  to  these  Vetm* 
Dg  an  anemic  condition  of  the  brain  during  sleep,  Shepardf 
,  as  the  retfult  of  an  ext<»nsive  scries  of  piethysmographic 
itions  made  upon  two  individuals  with  defects  in  the  skull, 
uring  sleep  the  volume  of  the  brain  is  increiised.  He 
J,  therefore,  that  durinjr  this  perioil  there  is  a  vascular 
on  in  the  brain  ami  an  increased  circulation,  that  the  brain, 
Mves  its  greatest  supply  of  blood  during  its  period  of 
ity.  This  conclusion  is  at  variance  with  what  we 
ct  from  observations  on  the  blootl-flow  in  other  organs 
'  peri*xls  of  maximum  and  minimum  functional  activity. 
concludes  also  from  his  ohs<'rvatious  that  the  bnuu 
I  an  efficient  supply  of  vasomotor  nerves,  which  during 
:  hours  are  in  tonic  activity,  but  in  sleep  suffer  a  dim- 
tone  that  leads  to  a  local  dilatation.     Evidence  from 
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suggestion,  the  sleep  of  hypnotism,  has  been  studied  by  meao! 
of  the  plethysmographic  method.*  The  result,  so  far  as  tb 
volume  of  the  arm  and  hand  is  concerned,  shows  that  in  this  con 
dition,  unlike  normal  sleep,  there  is  a  marked  diminution  ii 
volume,  and,  therefore,  we  may  believe,  an  increased  constrictio! 
of  the  blood-vessels  of  the  skin.  This  observation  accords  wit; 
the  blanched  appearance  of  the  skin  of  the  extremities,  and  mi 
the  statement  that  in  deep  hypnotic  sleep  the  skin  does  not  blee 
readily  when  pricked  with  a  needle.  In  view  of  our  limited  knowl 
edge,  however,  it  would  be  hazardous  to  base  any  compariso 
between  normal  and  hypnotic  sleep  upon  this  single  fact.  Som 
authors,!  in  fact,  doubt  whether  there  is  a  true  hypnotic  sleei 
They  incline  to  the  view  that  the  immobiUzation  or  diminishe 
excitabiUty  produced  by  hypnotic  suggestion  or  manipulatio 
simply  passes  into  a  condition  of  natural  sleep. 

•  Walden,  "American  Journal  of  Physiology,"  4,  124,  1900-01. 
t  Pi£ron,  loc,  cit. 


CLASSIFICATION  OF  THE  SENSES  AND  GENERAL 

STATEMENTS. 

Under  the  general  term  sense  organ  we  may  include  not  only 

ibe peripheral  organ  on  whirh  the  stimulus  act«,  but  also  the  sensory 

pitii  through  which   the   impulses  are  conveyed  to  the  central 

nenous  system  and  the  cortical  center  by  meant?  of  which  the 

resciiiin  in  consciousness  it>  mediated. 

I      Classification   of    the   Senses.-    In   general,   we   attempt    to 

I  distinguish  the  various  sense  organs  by  the  difTerences  in  their 

wd  reaction  in  consciousness.     Kach  sense  organ  gives  a  different 

Itind  of  response,  the  nature  and  distinctive  features  of  which 

w  recognized  subjectively.    The  conscious  sensations  arc  said 

Jo  differ  in  quality  or  modality.     The  qualitative  difference  in 

WDe  cases  is  ver}'  distinct,  —the  difference  between  sensations  of 

Aundand  of  vision,  for  instance, — and  on  this  subjective  difference 

tebase  our  efforts  to  give  specific  names  to  the  sense  organs  ron- 

wncd.    This  means  of  classification  is  not,  howe\Tr,  applicable 

in  ail  c-ases.    While  many  of  our  sensations  are  so  distinct  in  quality 

that  we  can  recognize  them  and  name  them  without  difficulty, 

rtiersare  of  a  more  obscure  character.     In  addition  to  our  sensa- 

tioos  of  vision,  hearing,  smell,  txste,  pressure,  temperature,  and 

f*in,  there  are  doubtless  many  other  sensations  whose  conscious 

Jtwrtion  is  less  distinct  in  quality  and  for  which  our  subjective 

0«*iifi  of  recognition   and   clas.sification   are   less  satisfactor>'  or 

tttirely  inadequate,     Such,  for  instance,  arc  the  sensations  from 

^  muscles,  from  the  semicircular  canals  and  the  vestibular  sacjs 

of  the  ear,  and  from  many  of  the  visceral  organs.     For  the  recogni- 

ttoD  and  classification  of  the.se  senses  and  sense  organs  it  is  neces- 

■wy  to  fall  back  ujxui  the  methods  of  anatomical  and  physiological 

tailyaiB,  methods  which  in  many  respects  are  uncertain.     So  also 

Rthin  the  limits  of  any  sensation  of  a  given  quality  or  modaUty, 

ie  distinguish  certain  subqunlities.     In  vision  we  have  many  dif- 
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si^gestion,  the  sleep  of  hypnotism,  has  been  studied  by  mefti 
of  the  plethysmographic  method.*  The  result,  bo  far  as  tl 
volume  of  the  arm  and  hand  is  concerned,  shows  that  in  this  coi 
dition,  unlike  normal  sleep,  there  is  a  marked  diminution 
volume,  and,  therefore,  we  may  believe,  an  increased  constrictic 
of  the  blood-vessels  of  the  skin.  This  observation  accords  wii 
the  blanched  appearance  of  the  skin  of  the  extremities,  and  wi 
the  statement  that  in  deep  hypnotic  sleep  the  skin  does  not  blei 
readily  when  pricked  with  a  needle.  In  view  of  our  limited  knon 
edge,  however,  it  would  be  hazardous  to  base  any  compariai 
between  normal  and  hypnotic  sleep  upon  this  single  fact.  Son 
authors,!  in  fact,  doubt  whether  there  is  a  true  hypnotic  alee 
They  incline  to  the  view  that  the  immobiUzation  or  diminisbi 
excitabiUty  produced  by  hypnotic  suggestion  or  manipulati* 
simply  passes  into  a  condition  of  natural  sleep. 

•  Walden,  ''American  Journal  of  Physiology,"  4,  124,  1900-01. 
t  Pidron,  loc.  cU, 
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CLASSIFICATION  OF  THE  SENSES  AND  GENERAL 
STATEBENTS. 

Under  the  general  term  sense  organ  we  may  include  not  only 

tlicperipheral  organ  on  which  the  stimulus  acts,  but  also  the  scnaoiy 

pitb  through  which   the   impulses  are  conveyefl   to  the  rentral 

ttn'oua  system  and  the   cortical  center  l»y  iiicau.'^  of  which  the 

'  rwctiun  in  coniiciousness  is  nietiiuteil. 

teCiassification  of  the  Senses.—  In  general,  we  attempt  to 
bguifih  the  various  sense  organs  by  the  differences  in  their 
reaction  in  consciousness.  Each  sense  organ  gives  a  <lifTorent 
kind  of  response,  the  nature  and  distinctive  features  of  which 
w  recognized  subjectively.  The  conscious  sensations  are  said 
t«  liiffer  in  quality  or  modality.  The  qualitative  difference  in 
WDf  cases  is  ver\'  distinct,  —the  differonce  l3etween  sensations  of 
nuDdand  of  vision,  for  instance, — and  on  this  subjective  difference 
•ebase  our  efforts  to  give  specific  names  to  the  sense  organs  con- 
«ni«3.  This  means  of  classification  is  not,  liowevcr,  applicable 
bill  cases.  While  many  of  our  sensations  are  so  distinct  in  quality 
ftit  we  can  recognize  them  and  name  them  ■without  difBculty, 
others  are  of  a  more  obscure  character.  In  addition  to  our  sensa- 
tioM  of  vision,  hearing,  smell,  taste,  pressure,  temperature,  and 
|«in,  ihere  are  doubtless  many  other  sensations  whose  conscious 
fttctioQ  is  less  distinct  Ln  quality  and  for  which  our  subjective 
Bieans  of  recognition  and  classification  are  less  satisfactory'  or 
witirely  inadequate.  Such,  for  instance,  arc  the  sensations  from 
liie  muscles,  from  the  semicircular  canals  and  the  vestibular  sacs 
rf  the  ear,  and  from  many  of  the  visceral  organs.  For  the  recogni- 
ion  and  classification  of  these  senses  and  sense  organs  it  is  neces- 
in-  to  fall  back  upon  the  methods  of  anatomical  ami  physiological 
aalysis,  methods  which  in  many  respects  arc  uncertain.  So  also 
ithin  the  limits  of  any  sensation  of  a  given  quality  or  modality, 
p  dktinguish  certain  subqualities.     In  vision  we  have  many  dif- 
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suggestion,  the  sleep  of  hypnotism,  has  been  studied  by  meao 
of  the  plethysmographic  method.*  The  result,  so  far  as  th 
volume  of  the  arm  and  hand  is  concerned,  shows  that  in  tMs  coi 
dition,  unlike  normal  sleep,  there  is  a  marked  diminution  i 
volume,  and,  therefore,  we  may  beheve,  an  increased  constrictio 
of  the  blood-vessels  of  the  skin.  This  observation  accords  wit 
the  blanched  appearance  of  the  skin  of  the  extremities,  and  wit 
the  statement  that  in  deep  hypnotic  sleep  the  skin  does  not  bl« 
readily  when  pricked  with  a  needle.  In  view  of  our  limited  know 
edge,  however,  it  would  be  hazardous  to  base  any  comparisc 
between  normal  and  hypnotic  sleep  upon  this  single  fact.  Son 
authors,  f  in  fact,  doubt  whether  there  is  a  true  hypnotic  dee; 
They  incline  to  the  view  that  the  immobilization  or  diminiaht 
excitability  produced  by  hypnotic  suggestion  or  manipulatic 
simply  passes  into  a  condition  of  natural  sleep. 

*  Walden,  "American  Journal  of  Physiology,"  4,  124,  1900-01. 
t  Pi6ron,  loc.  cit. 
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CLASSIFICATION  OF  THE  SENSES  AND  GENERAL 

STATEMENTS. 

Under  the  general  term  sense  organ  we  may  include  not  only 

.4e peripheral  organ  on  which  the  stimuhis  acts,  but  also  the  scnsoiy 

through   which   the   impulses   are  rnnveyed   to   the   central 

«n*«us  svtiteni  and  the  cortical  center  i)y  means  of  which  the 

ftsctiuQ  in  consciousness  i.s  mediated. 

Classification   of   the    Senses.-  In   general,   we   attempt    to 
distinguish  the  various  sense  organs  by  the  differences  in  their 
ttd  reaction  in  consciousness,     f^ach  sense  organ  gives  a  different 
raid  of  response,   the  nature  and  distinctive  features  of  which 
^  recognized  suljjectively.     The  conscious  sensations  are  said 
to  differ  in  quality  or  DKHiahty.     The  qualitative  difTerence  in 
•ome  cases  is  ver>'  distinct,  ^thc  difTerence  between  sensations  of 
mod  and  of  \Tsion,  for  instance, — and  on  this  subjective  difTerence 
vtbase  our  efforts  to  give  specific  names  to  the  sense  organs  con- 
wroed.    This  means  of  classification  ia  not,  however,  applicable 
fflaD  cases.     WTiile  many  of  our  sensations  are  so  distinct  in  (juality 
tfcat  we  can  recognize  them  and  name  them  without  difficulty, 
others  are  of  a  more  obscure  character.     In  addition  to  our  sensa- 
tions of  xision,  hearing,  smell,  taste,  pressure,  temperature,  and 
pun,  there  are  doubtless  many  other  sensations  whose  conscious 
Wction  is  less  distinct  in  quality  and  for  which  our  subjective 
BKans  of  recognition   and   classification   are  less  satisfactory^  or 
entirely  inadequate.     Suchj  for  instance,  are  the  sensations  from 
^  muscles,  from  the  semicircular  canals  and  the  vestibular  sacs 
of  the  ear,  and  from  many  of  the  visceral  organs.     For  the  recogni- 
\&m  and  classification  of  these  senses  and  sense  organs  it  is  neces- 
|lK>'  to  fall  back  upon  the  methofls  of  anat-omical  and  physiological 
taalysis,  methods  which  in  many  respects  are  imcertain.     So  also 
^thin  the  limits  of  any  sensation  of  a  given  quality  or  modality, 
^€  distinguish  certain  subqualities.     In  vision  we  have  many  dif- 
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suggestion,  the  sleep  of  h3rpnotism,  has  been  studied  by  me 
of  the  plethysmographic  method.*  The  result,  so  far  as 
volume  of  the  arm  and  hand  is  concerned,  shows  that  \n  this  ( 
dition,  unlike  normal  sleep,  there  is  a  marked  diminution 
volume,  and,  therefore,  we  may  believe,  an  increased  constrid 
of  the  blood-vessels  of  the  skin.  This  observation  accords  \ 
the  blanched  appearance  of  the  skin  of  the  extremities,  and  i 
the  statement  that  in  deep  hypnotic  sleep  the  skin  does  not  h 
readily  when  pricked  with  a  needle.  In  view  of  our  limited  knt 
edge,  however,  it  would  be  hazardous  to  base  any  compar 
between  normal  and  hypnotic  sleep  upon  this  single  fact.  S( 
authors,  t  in  fact,  doubt  whether  there  is  a  true  hypnotic  si* 
They  incline  to  the  view  that  the  immobilization  or  diminis 
excitability  produced  by  hypnotic  suggestion  or  manipula 
simply  passes  into  a  condition  of  natural  sleep. 

•  Walden,  "American  Journal  of  Physiology,"  4,  124,  1900-01. 
t  Pi6ron,  he.  cU, 


rnder  the  general  term  sense  organ  we  may  include  not  only 

lie  peripheral  organ  on  which  the  stimulus  acts,  but  also  the  sensoiy 

pith  through  which   the   impulses  are   conveyed  to  the  central 

aervoua  system  and  tlie  cortical  center  by  means  of  which  the 

^feehim  in  consciou8net<s  isi  metliated. 

^Classification  of  the  Senses.— In  peneral,  wc  attempt  to 
tUsimguish  the  various  sense  organs  by  the  differences  in  their 
enii  reartion  in  consciousness.  Each  sense  organ  ^ves  a  different 
^d  of  response,  the  nature  and  distinctive  features  of  which 
»re  recognized  subjectively.  The  conscious  sensations  are  said 
to  differ  in  quality  or  modality.  The  quahtative  difference  in 
lome  cases  is  ver\'  distinct,  —the  difTcrenoe  between  sensations  of 
l«ttnd  and  of  ■xdsion,  for  instance ,^ — and  on  this  subjective  difference 
Itebafle  our  efforts  to  give  specific  names  to  the  sense  organs  con- 
'wnwd.  This  me^ns  of  classification  is  not,  however,  applicable 
"Ball  cases.  While  many  of  our  sensations  arc  so  distinct  in  quality 
ftit  we  can  recognize  them  and  name  them  without  difficulty, 
otbera  are  of  a  more  obscure  character.  In  addition  to  our  sensa- 
ifaffl  of  ATsion,  hearing,  smell,  taste,  pressure,  temperature,  and 
pun,  there  are  doubtless  many  ot!ier  sensations  whose  conscious 
ftactioQ  is  less  distinct  in  quality  and  for  which  our  subjective 
Boeing  of  recognition  and  classification  are  less  satisfactory  or 
Wtireiy  inadequate.  Such,  for  instance,  are  the  sensations  from 
tie  muscles,  from  the  semicircular  canals  and  the  vestibular  saca 
of  the  ear,  and  from  many  of  the  \naceral  organs.  For  the  recogni- 
Son  and  classificatinn  of  these  senses  and  sense  organs  it  is  neces- 
Uj  to  fall  back  upon  the  methods  of  anat-omical  and  physiological 
baJysis,  methods  which  in  many  respects  are  uncertain.  So  also 
itldn  the  limits  of  any  sensation  of  a  given  quality  or  modality, 
t  distinguish  certain  subqualities.     In  vision  we  have  many  dif- 
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tion  of  the  brain  during  sleep,  and  some  physiologists  have  l» 
lieved  that  this  condition  precedes  and  causes  the  state  of  sleqi, 
while  others  take  the  opposite  view  that  it  follows  and  is  msaij  * 
one  result  of  sleep.    On  the  basis  of  the  plethysmc^raphic  e^ 
periments  mentioned  above  the  author*  has  proposed  a  theory 
of  sleep  in  which  the  diminished  flow  of  blood  to  the  brain  is  ex- 
plained and  is  assumed  to  be  the  chief  factor  in  bringing  on  de^. 
The  theory  assumes  that  the  periodicity  of  sleep  is  dependeot 
mainly  upon  a  rhythmical  loss  of  tone  in  the  vasomotor  center  k 
the  medulla  in  consequence  of  fatigue  from  continued  activity 
during  the  waking  hours.    That  is,  the  vasomotor  center  is  in 
constant  action  during  this  period ;  the  continued  flow  of  senoay 
stimuli  and  the  constant  activity  of  the  brain  act  reflexly  on  tltt 
center  and  through  it  cause  a  constriction  of  the  blood-vesaeb  d 
the  body,  particularly  of  the  skin,  by  means  of  which  the  blood- 
flow  through  the  brain  is  maintained  ^^ith  an  adequate  velodty. 
In  consequence  of  this  varying  but  constant  activity  the  ccnttf 
undergoes  fatigue;  stronger  and  stronger  stimulation  is  necessaiy 
to  maintain  its  normal  tone,  and  eventually  its  effect  on  the  bk>od- 
pressure  becomes  insufficient  to  maintain  an  adequate  flow  throu^ 
the  brain  and  unconsciousness  or  sleep  results,  even  against  one's 
desires,  as  is  shown  by  the  experience  of  those  who  have  attempted 
to  keep  awake  much  beyond  the  habitual  period.    Ordinarily, 
however,  this  fatigue  of  the  vasomotor  center  and  its  resulting 
tendency  to  a  cessation  of  activity  is  favored  by  our  voluntary 
withdrawal  of  stimulation.    Our  preparations  for  sleep,  closure  of 
eyes,  darkened  and  if  possible  quiet  room,  cessation  from  disturbing 
thoughts,  result  in  a  diminution  of  the  sensory  and  mental  stimuli 
that  normally  play  upon  the  vasomotor  center.     The  cessation 
of  such  stimuli  may,  indeed,  at  any  time  be  all  that  is  necessary 
to  bring  about  a  partial  loss  of  activity  in  this  center,  a  les- 
sened flow  of  blood  through  the  brain,  and  a  period  of  sleep  which, 
however,  is  usually  short.     If,  however,  the  vasomotor  center  has 
been  previously  fatigued,  as  may  be  supposed  to  be  the  case  at  the 
end  of  the  day,  the  withdrawal  of  these  stimuli  permits  it  to  fall 
into  a  more  complete  state  of  inactivity,  and  the  diminution  of 
blood-flow  to  the  brain  and  the  state  of  unconsciousness  is  longer 
lasting, — lasts  indeed,  according  to  the  curves  of  which  an  example 
is  given  in  Fig.  116,  until  the  gradual  resumption  of  activity  in  the 
vasomotor  center  brings  about  a  constriction  of  the  blood-vessels 
of  the  body  and  thus  drives  enough  blood  through  the  brain  to 
cause  spontaneous  awakening.    A  third  factor  which  must  aid  in 
the  production  of  unconsciousness  as  a  result  of  the  lessened  flow 
of  blood,  and  in  the  return  of  consciousness  in  connection  with 
*  Howell,  "Journal  of  Experimental  Medicine/'  2,  313,  1897. 
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iBcmuied  flow  of  blood,  is  the  greater  or  less  fatigue  of  the 
ical  cella  themselves  after  a  day's  activity,  and  their  greater 
taUbUity  after  a  night's  rest.  Many  factors,  therefore,  co-oper- 
IB  the  development  of  the  normal  state  of  sleep  lasting  for 
lo  aght  hours  out  of  twenty-four,  but  the  central  factor  which 
\tB  rapid  onset,  invoking  nearly  simultaneously  all  the 
areas  of  the  brain,  whether  previously  fatigued  or  not, 
Iftd  the  equally  sudden  restoration  to  consciousness  of  the  entire 
«rt«,  is  to  be  found  in  the  amount  of  blood-flow  to  the  brain. 
Uadcr  normal  conditions  this  is  the  factor  thut  stands  in  most 
mnedlAte  relation  to  thftt  appearance  and  disapi^earance  of  full 
(Doseiouaneas  which  mark  for  us  the  limits  of  sleep.  A  similar 
WW  is  advocated  by  Hill,*  who  believes,  however,  that  the  regw 
ktkn  of  the  blood-flow  through  the  brain  is  effected  through  the 
TMomotor  control  of  the  splanchnic  area,  whereas  the  author's 
w  is  that  the  regulation  is  effected  mainly  through  variations 
htbe  cutaneous  circidation, — that  is.  for  the  nonnal  occurrence 
tfrfeep.  The  drowsiness  that  follows  a  hea%'y  meal  is  probably  due 
nunly  to  the  mechanical  effect  of  a  dilatation  of  the  bloo<l-vessel8  of 
tk  risccru  and  the  consequent  diminution  in  the  blood-flow 
tbiMigh  the  brain;  but  the  sleep  that  occurs  iit  the  end  of  the  day 
liiaodaUHl  with  a  tlilatatiou  of  the  blood-vessels  of  the  skin  of 
tkf  trunk  and  extremities.  What  the  condition  m  the  visceral 
ocpuw  may  be  at  such  times  we  have  at  present  no  means  of 
btmiig.  It  should  l)e  stated  that  in  opposition  to  these  \5»t«« 
Mpuding  an  anemic  condition  of  the  bniin  during  sleep,  Shepardt 
nport^.  as  the  result  of  an  extensive  series  of  plethysniogruphie 
ohcn'ations  made  upon  two  individuals  with  defects  iu  the  skull, 
that  during  sleep  the  volume  of  the  brain  is  increased.  He 
ffs.  therefore,  that  during  this  pcrio<i  there  is  a  vascular 
tion  in  the  brain  and  an  increased  circulation,  that  the  brain, 
fact,  receivi^  it-s  great^*st  supply  of  blood  liuring  its  |>eriod  of 
af1i\ily.  This  conclusion  is  at  variance  with  what  we 
••Xpert  from  ol>servations  on  the  bk>uil-flow  iu  other  organs 
their  periods  of  maximum  and  minimum  functional  activity. 
autlior  conrlu<l»'s  also  from  his  observations  that  the  brain 
ess  an  efficient  supply  of  vasomotor  nerves,  which  during 
waking  hours  are  in  tonic  activity,  but  in  sleep  suffer  a  dim- 
in  tone  that  leiwls  to  a  local  dilatation.  Evidence  from 
sources  (p.  632),  on  the  contrar>*,  makes  it  rather  improbable 
.1  ihft  brain  |)osso3S4\s  an  efficient  vust)motor  system. 
Hypnotic  Sleep. — The  sleep  that  can  be  produced  by  so-<'alied 

•DiD.  Tb#   "PhywolofO'  and   Pathology   of  the  Cerebral  Cireulatioo," 

■kiii.ldM. 

1 8bB|HfO,  loc.  eU. 
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suggestion,  the  sleep  of  h3rpnotism,  has  been  studied  by  me&u 
of  the  piethysmographic  method.*     The  result,  so  far  as  the 

volume  of  the  arm  and  hand  is  concerned,  shows  that  in  this  con- 
dition, unlike  normal  sleep,  there  is  a  marked  diminution  in 
volume,  and,  therefore,  we  may  believe,  an  increased  constrictioQ 
of  the  blood-vessels  of  the  skin.  This  observation  accords  with 
the  blanched  appearance  of  the  skin  of  the  extremities,  and  with 
the  statement  that  in  deep  hypnotic  sleep  the  skin  does  not  bleed 
readily  when  pricked  with  a  needle.  In  view  of  our  limited  knowl- 
edge, however,  it  would  be  hazardous  to  base  any  compaiisoa 
between  normal  and  hypnotic  sleep  upon  this  single  fact.  Some 
authors,  t  in  fact,  doubt  whether  there  is  a  true  hypnotic  sleep. 
They  incline  to  the  view  that  the  inamobilization  or  diminished 
excitability  produced  by  hypnotic  suggestion  or  manipulatioD 
simply  passes  into  a  condition  of  natural  sleep. 

•  Walden,  "American  Journal  of  Physiology,"  4,  124,  1900-01. 
t  Pidron,  he.  cU. 
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CHAPTER  XIV. 


CLASSIFICATION  OF  THE  SENSES  AND  GENERAI 
STATEHENTS. 

Cnder  the  general  term  sense  organ  we  may  inrlude  not  only 
thf  peripheral  organ  on  which  the  stimulus  acts,  but  also  the  sensory 
pith  through  which  the  impulses  are  conveyed  to  the  central 
Kmxtf  system  and  the  cortical  center  by  means  of  which  the 
nrtioo  in  consciousnesj?  is  mediated. 

Classification    of   the   Senses.-  In   general,   we   attempt    to 

disdiiguish  the  various  sense  organs  by  the  differences  in  their 

«Dcl  reaction  in  consciousness.     Each  sense  organ  gives  a  different 

4»d  of  responjse^   the  nature  and   distinctive  features  of  which 

>••  (vcognised   subjectively.     The   conptious  sensations  are  said 

to  'iiffer  in  quahty  or   modality.     The  qualitative  difference  in 

ioine  ctaes  is  ver\'  distinct,  —the  difference  between  sensations  of 

touadand  of  vision,  for  instance, — and  on  this  subjective  difference 

Vebaae  our  efforts  to  give  specific  names  to  the  sense  organs  con- 

^tnti.    This  means  of  classification  is  not,  however,  applicable 

Jo  iD  cases.    While  many  of  our  sensations  are  so  distinct  in  f  juality 

tittt  we  ean  recognize  them  and  name  them  without  difficulty, 

fllben  are  of  a  more  obscure  character.    In  addition  to  our  sensa- 

tnoa  of  \Tsion,  hearing,  smell,  taste,  pressure,  temperature,  and 

pda,  there  are  doubtless  many  other  sensations  whose  conscious 

nartion  is  less  distinct  in  quality  and  for  which  our  subjective 

OMsana  of  recognition  and   classification  are  less  satisfactor}'  or 

otirely  inadequate.    Such,  for  instance,  are  the  sensations  from 

the  tmiacles,  from  the  semicircular  canals  and  the  vestibidar  sacs 

of  the  ear,  and  from  many  of  the  visceral  organs.     For  the  recogni- 

tioD  and  claasification  of  the^  senses  and  sense  organs  it  is  neces- 

Mry  to  fall  back  upon  the  methods  of  anatomical  and  physiological 

analysia,  methods  which  in  many  respects  are  uncertain.     So  also 

witliin  the  limits  of  any  sensation  of  a  given  quality  or  modality, 

we  distinguish  certain  subqualities.     In  vision  we  have  many  dif- 
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ferent  qualities  which  we  designate  by  special  names, — the  Beam 
of  different  colors,  for  example.  In  soimd  sensations  we  HiaHngiiiA 
different  tones  and  different  qualities  of  tones.  But  here,  again, 
the  subjective  mark  is  often  so  indistinct  in  consciousDeas 
that  it  cannot  be  used  satisfactorily  for  purposes  of  clasn&i- 
tion.  In  the  odor  sensations  we  distinguish  many  different  quaS- 
ties,  each  recognizable  at  the  time  that  it  is  experienced,  but  thdr 
characteristics  are  so  fugitive  that  so  far  it  has  not  been  poeat^ 
to  name  them  or  group  them  in  any  satisfactory  way.  In  studying 
the  qualities  of  the  various  sensations,  so  far  as  they  are  recognii- 
able,  the  effort  of  physiology  has  been  to  connect  them  with  some 
definite  anatomical  or  physiological  peculiarity  in  the  sense  organs 
concerned.  The  final  explanation  of  the  differences  in  quafity 
involves  a  study  of  the  nature  and  properties  of  consciousnew 
itself, — a  subject  which  as  yet  has  not  been  undertaken  by  physi- 
ology. At  present  we  accept  the  fact  of  consciousness  and  the 
fact  that  there  are  different  kinds  or  qualities  of  consciousness, 
and  our  investigations  are  directed  only  toward  ascertaining 
the  anatomical,  physical,  and  chemical  properties  of  the  organs 
involved  in  the  production  of  these  subjective  changes. 

In  former  times  it  was  customary  to  divide  the  sensations  into 
two  different  groups, — the  special  and  the  common  senses,— ti»e 
former  including  the  so-called  five  senses  of  man, — namely,  sight, 
hearing,  touch,  taste,  and  smell, — while  under  the  lattwr  were 
grouped  all  other  sensations  of  less  distinctive  qualities.    In  physi- 
ology the  belief  that  man  has  only  five  special  senses  has,  however, 
long  been  abandoned.    The  sense  of  touch  as  ordinarily  understood 
has  been  shown  to  consist  of  three  or  more  distinct  senses,  namely, 
pressure  (in  its  several  varieties),  heat  and  cold;  and  the  sense 
of  pain  exhibited  by  the  skin  is  in  all  essential  respects  as  special 
and  characteristic  as  those  just  named.     There  is,  however,  no 
certain  standard  as  to  what  shall  constitute  a  special  in  con- 
tradistinction to  a  common  sense;  so  that  a  classification  based 
on  this  nomenclature  is  unsatisfactory.     In  one  respect,  hpv- 
rn-py^  (iur  sp|^f<f^s  show  a  difference  which  may  be  used  as  a  basis 
for_djyi(Hng   them    into   two    general    groups.     This   difference 
lies  in  the  manner  of  projection.     We  may  assume  that  all  of 
our  sensations  are  aroused  directly  in  the  brain.     In  that  organ 
take  place  the  final  changes  which  react  in  consciousness.     But 
in   no  case  are  we  conscious   that  this  is  the  case.      On  the 
contrary,   we  project  our  sensations   either  to  the  exterior  of 
the  body  or  to  some  peripheral  organ  in  the  body,  the  effort 
being  apparently  to  project  them  to  the  place  where  experi- 
ence has  taught  us  that  the  acting  stimulus  arises.     We  may 
divide  the  senses,  therefore,  into  two  great  groups:    (1)  The 
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or  rather  the  exterior  senses,  or  those  in  which  the  sensa- 
jre  prQlected  to  the  exterior  of  the  body,  and  which  form, 
efore,  the  means  through  which  we  l>ecoine  acquainted  witji  llie 
3e  Tt'orkLlThe  exterior  senses  inchuie  sight,  hearing,  taste, 
re,  and  temperature  (heut  and  cold).     (2)  The  internal 

,  or  those  in  wliich  the  sensations  are  projectea  to 

of  the  1kk!\\  It  IS  througli  these  senses  that  we  acciuire 
edge  of  the  condition  of  our  body  and  perha|5s  also  a  knowl- 
ourselves  as  an  existence  or  organism  distinct  from  the  ea- 
world.  Among  the  intprinr  seqges  we  must  include  pain, 
sense,  the  sensations  from  the  semicircular  canals  and  ves- 
i  the  internaTear,  hunger,  thirst,  sexual  sense,  fatigue,  and 
perhaps  other  less  definite  sensations  from  the  ^^8ce^al 
»  This  line  of  demarcation,  although  it  holds  so  well  in 
ia  not  absolutely  distinctive.  The  temperature  sense, 
ance^  is,  so  to  speak,  on  the  borfler  line  between  the  two 
we  may  project  this  sensation  either  ixi  the  exterior  or 
tenor  according  to  circumstances.  When  the  temperature 
are  excited  simultaneously  with  the  pressure  nerves,  we 
the  sensation  to  the  exterior,  to  the  stimulating  body.  If 
I  is  touched  by  a  hot  or  cokl  solid  object  we  speak  of  the 
as  being  hot  or  cold.  If,  however,  the  same  ner\'es  are 
Aed  by  warm  gases  or  even  liquids  imder  conditions  that 
volve  the  pressure  sense  we  refer  the  change  to  ourselves, — 
hot  or  cold,  as  the  case  may  be.  So  also  when  the  skin  ia 
by  the  blood  the  resulting  sensation  is  projecte<l  to  the 
[t  would  seem  that  the  habit  of  projection  is  acquired  by 
ice,  and  that  those  senses  whose  organs  are  habitually 
I  by  objects  from  without  we  learn  to  project  to  the  object 

to  the  stimulus. 
Doctrine  of  Specific  Nerve  Energies. — The  term  specific 
we  ovve  to  Johannes  Muller  (1801-1858).    The  term 
respects  unfortunate,  as  at  present  in  the  physical  sci- 
vrord  energy  U  used  to  designate  certain  specific  properties 
.    Tlie  phrase  siM^cific  nen'o  energv  in  physiolog>',  however, 
idetl  to  designate  the  fact  tliat  each  sen8<)r\'  unit  arouses  or 
ita  own  s|xv"ific  o unlit V  of  scnsutinn.  the  sy>ccific  energ>*  of 
IHcspparatus  l>eing  visual  sensations, of  the  auditory  apparatus 


tions,  etc.,  and  each  Pcnsor\^  nor\'e  or  apparatus  can 
other  than  its  own  quality  of  sensation.  \Vliether  this 
y  in  the  reaction  of  each  sensorv'  nerve  is  due  to  some  pecu- 

the  nerve  itself  or  it«  peripheral  end-organ,  or  to  a  peru- 
f  the  part  of  the  brain  in  which  it  terminates  Miiller  left 

quoation,  although  he  called  attention  to  the  fact  that 
ml  ending  is  capable  of  gi\'ing  its  specific  effect  in  con- 
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sciousness  independently  of  the  conducting  nerve  fibers.    Wiih 
regard  to  this  latter  question  the  opinions  of  physiologists  still 
differ.    Most  physiologists,   perhaps,   adopt  the   view  that  tbe 
specific  reaction  in  consciousness  is  due  to  the  central  ending,— 
that,  in  other  words,  the  different  sensory  parts  of  the  cOTtex 
give  different  kinds  or  qualities  of  consciousness,  while  the  sensory 
nerve  fibers   are  simply   conductors  of  nerve   impulses,   which, 
however  much  they  may  differ  in  intensity,  are  qualitatively 
the  same  in  all  nerve  fibers.     According  to  this  view,  it  would 
result,  as  du  Bois-Reymond  expressed  it,  that,  if  the  auditory 
nerve  fibers  were  attached  to  the  visual  center  and  the  optic 
fibers  to  the  auditory  center,  we  would  see  the  thunder  and  hetf 
the  lightning.    Each  typical  sense-organ  fmm  thia   stfljidpoint 
consists  of  three  essential  parts:   the  central  ending,  which  detq* 
mmes  the  quality   of^the  sensation;    the  peripheral   end-oigan, 
reSnaT  cochlea^  etc.,  ^uch  determines  whether  or  noT'ffijr'givett 
form  of  stimulus  shall  be  ettecuve  and  which  in  most  casefl  to  UOa^ 
structed  so  as  to  be  respgnsive  to  a  special  form  of  stimuhia  dceig' 
nated  as  its-adequatg-stimulus:  and  of  connecting  neurons  whose 
only  function  is  to  conduct  the  nerve  impulses  ongmaimg  In  the 
end-organ.    The  fact,  therefore,  that  the  light  waves  can  stimulate 
th^Tods  and  cones  of  the  retina,  but  are  an  inadequate  stimulus 
probably  to  the  hair  cells  of  the  cochlea  or  the  taste  buds  of  the 
tongue,  is  due  to  a  peculiarity  in  structure  of  the  rods  and  cones; 
but  the  fact  that  the  impulses  conducted  by  the  optic  fibers  arouse 
a  peculiar  modality  of  sensation  is  not  due  to  any  peculiarity  in 
structure  in  these  fibers  or  in  the  rods  and  cones,  but  to  a  charac- 
teristic structure  of  the  optic  centers.    The  positive  experimental 
evidence  for  the  correctness  of  this  \dew  is  not  conclusive,  but,  on 
the  whole,  is  impressive.    Such  facts  as  the  following  may  be  noted: 
X'  1.  When  sensor}"  ner\'e  fibers  are  stimulated  otherwise  than 
^through  their  end-organs  each  reacts,  if  it  reacts  at  all,  according 
to  its  specific  energy, — that  is,  it  produces  its  own  quality  of  sensa- 
tion.   When  the  optic  ner\'e  is  cut,  for  instance,  the  mechanical 
stimulus  causes  a  flash  of  light;  when  the  chorda  tympani  is  stimu- 
lated in  the  tympanic  cavity  by  mechanical,  electrical,  or  chemical 
stimuli  sensations  of  taste  are  aroused. 

2.  Mechanical  pressure  upon  the  peripheral  nerves  distributed  to 
the  skin  may  cause  a  loss  of  some  of  the  cutaneous  senses  in  certain 
areas  of  the  skin  \\'ith  a  retention  of  others.  Thus  the  senses  of 
pressure  and  temperature  may  be  lost  and  that  of  pain  retained, 
or  pain  may  be  lost  and  pressure  retained.  A  similar  dissocia- 
tion of  the  sensations  of  the  skin  in  definite  regions  may  be 
observed  after  localized  lesions  of  the  spinal  cord,  or  during  the 
process  of  regeneration  that  follows  suture  of  a  severed  nerve. 
Such  facts  agree  with  the  view  that  each  sense  has  its  own  set 
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j;  those  that  mediate  pain  cannot  by  a  mere  modi- 

ation  of  the  stimulus  pive  also  a  s<>nse  f>f  pressure. 

'l.  The  only  objoftive  manifestation  uf  a  nerve  impulse  that 

eta  study  in  the  nerve  itself  is  the  electrical  change  that 

apOLoies  it  or  perhaps  constitutes  its  essence.     This  electrical 

fis qualitatively  the  same  in  all  kinds  of  nerve  fillers, and  this 

I  ipees  with  the  view  that  the  nerve  impulse  is  qualitatively  the 

must  in  nil  fibers. 

f  So  fir  as  tlie  sensory  nerve  fibers  are  concerned,  the  chief  ob- 
JtetioQ  to  this  \iew  of  the  doctrine  of  specific  ner\'e  energies  is 
imd  perhaps  in  the  difficulty  or  impossibility  of  applying  it  to 
^explanation  of  color  \Tsion.  According  to  the  strict  interpreta- 
1  of  the  view,  each  fundamental  color  sense,  being  distinct  in 
iBtT,  should  be  mediated  by  its  own  set  of  ner\'e  fibers.  When 
olta  first  formulateti  his  theory  of  color  vision  he  spoke, 
rfore.  of  three  kimls  of  nerve  filx^rs, — the  red,  the  green,  and 
th«  violet.^^ach  when  stimulateil  alone  giving  its  own  specific 
MMtion  and  not  capable  of  giN^ng  any  other.  The  facts  accumu- 
iitod  regarding  color  vision,  however,  seem  to  show  that  this  view 
»iD  not  hold,  t)ne  and  the  same  cone,  with  its  connecting  fil)er, 
My  give  rise  to  any  or  all  of  the  i)riinary  color  s<^nsations,  and, 
mlaBwe  choose  to  further  sub<livide  the  nerve  unit  and  assume 
thitthe  separate  nerve  fibrils  of  which  the  axis  cylinder  is  composed 
flOiititute  the  separate  conductors  for  the  priman'  sense  quahties, 
k  touU  seem  to  be  impossible  to  apply  the  doctrine  of  specific 
ocrjpes  to  this  case.  Not  too  much  weight  shoidd  be  given  per- 
k»pi  to  this  objection.  For  it  must  be  remembered  that  all  of  our 
pntmi  theories  of  color  vision  are  imsatisfactorv*.  and  fx^ssibly 
tktt  we  attiiin  to  the  right  point  of  view  the  farts  may  not  he 
80  difficult  to  interpret  in  terms  of  this  thef)r>'  of  qx^cific  energies. 

The  alternative  view  proposed    in    place   of   the  doctrine   of 

jpirific   nerve   energies   assumes   that   the  ner\'e   impulses    may 

*liy  in  quality  as  well  as  in  intensity,  ami  that  therefore  one  and 

tteMme  nen'e  fiber  may  arouse  different  ([ualitiesof  sensation  and 

htve  different  end  effects  acconling  to  the  character  of  the  impulse 

oonTC>'fd.    This  point  of  view  is  not  capable  of  much  discussion, 

tbxe  there  are  no  positive  facts  that  support  it.     It  is  logically 

factory  in  meeting  the  cases  in  which  the  former  view  seems 

unaatisfactor)'.     It  is  difficult,  however,  in  our  ignorance  of 

fht  nature  of  the  nen'e  impulse  to  imagine  in  what  respects  it  may 

ponibly  differ  in  character. 

The  Wcber-Fechner  (Psychophysical)  Law. — One  difficulty 

[  tbat  has  been  encount-ered  in  the  physiological  study  of  sensory 

■ervcs  is  that  the  end  reaction  cannot  be  measured  with  exactness. 

With  efferent  nen-es  the  end  reaction  is  a  contraction  or  secretion 
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that  can  be  estimated  quantitatively  in  terms  of  our  physical  and 
chemical  units  of  measurement.  But  the  end  reaction  of  a  sensoiy 
nerve  is  a  state  of  consciousness  for  which  we  have  no  standard  d 
measurement.  Weber,  in  studjdng  the  relation  between  tk 
strength  of  the  stimulus  and  the  amount  of  the  resulting  sensatioo, 
availed  himself  of  the  method  of  the  least  detectible  change  in  seoh 
sation;  that  is,  he  determined  the  increase  in  stimulus  at  different 
levels  necessary  to  cause  a  just  perceptible  increase  in  the  sensation. 
By  means  of  this  method  he  arrived  at  the  significant  result  thai 
the  increase  in  stimulus  necessary  to  cause  this  change  is,  within 
physiological  limits,  a  definite  fractional  increment  of  the  adang 
stimulus.  If,  for  instance,  with  a  weight  of  30  gms.  upon 
the  finger  it  requires  an  increment  of  -^ — ^that  is,  one  addition*! 
gram — to  make  a  just  perceptible  difference  in  the  pressure  senaa- 
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Fig.  118. — Cun-e  to  indicate  the  Weber-Fechner  law  of  a  logarithmical  relation  be- 
tween excitation  and  sensation. — (From  Waller.)  The  excitations  are  indicated  along  the 
abecissan,  the  senfiations  alone  the  ordinaten.  The  increase  in  sensation  is  repreaented  a*  tak- 
ing place  in  equal  steps,  "the  minimal  perceptible  difference,"  while  the  corre3tx>nding 
excitations  require  an  increasing  increment  of  ^  at  each  step,  namely  1,  1.33,  1.77,  2J3n. 
etc.  That  is,  for  equal  incren?<!nt8  of  sensation  increasing  increments  of  stimulation  an 
necessary. 


tion,  then,  with  a  weight  of  60  gms.  upon  the  finger  the  addition 
of  another  gram  would  not  be  perceived;  it  would  require  again  an 
increment  of  -j^— that  is,  2  gms.— to  make  a  just  perceptible  dif- 
ference in  sensation.  This  relationship  is  known  as  Weber's  law. 
While  its  exactness  has  often  been  disputed,  it  seems  to  be  generally 
admitted  that  for  a  median  range  of  stimulation  the  law  expresses 
the  approximate  relation  between  the  two  variables  considered. 
Fechner  attempted  to  give  this  law  a  more  quantitative  and  ex- 
tensive application  by  assuming  that  just  perceptible  difTerences 
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turn  iTprf^^^nt  jint]i""y"qMMl  ,'imi'uiit8  of  sensation.     Ac- 

ffplinetlUS  ABSumption,  we  can  express  the  rohiti^jnship  between 
lUtuutus  and  seosution  as  determined  by  \Vel)er*.s  experiments  by 
that  for  the  sensation  to  increase  by  equal  amounts, — that  is, 
Ibf  withinetical  progression. — the  stimuhis  must  vary  according 
|9  i  oertain  factor, — that  is,  by  geometrical  progression.  The 
gmotkm    nui\   Ije    regarded  as  a  geometrical    function    of  TRe 


Btimn|ii&>  If  the  rehitiou  between  stimuUis  and  sensation  is  repre- 
rciinl  as  a  curve  in  which  the  ordinates  express  the  sensation  in- 
eofling  by  equal  amounts,  and  the  abscissas  the  corresponding 
llainfi  increasing  at  each  interval  by  i,  a  result  Ls  obtained  such  as 
krepi«M3ted  in  the  accompan^-ing  figure  (Tig.  118).  A  curve  of 
Aasldiul  is  a  logarithmical  curve,  and  Fechner  expressed  the  rela- 
tioabip  lietween  stimulus  and  sensation  in  what  has  lx»en  called  the 
■jtbophysieal  law, — namely,  that  the  sensation  varies  as  the 
■pathm  of  the  stimulus!     " 


CHAPTER  XV. 
CUTANEOUS  AND  INTERNAL  SENSATIONS 

General  Classification. — According  to  the  older  views,  th 
sensory  nerves  of  the  skin  give  sensations  of  touch.  Moder 
physiology  has  shown,  however,  that  these  nerves  mediate  i 
least  fo.ur  different  qualities  of  sensation — namely,  pressor 
warmth,  cold,  and  pain.  Our  so-called  touch  sensations  & 
usually  compound,  consisting  of  a  pressure  and  a  temperatu 
component  and  also  very  frequently  an  element  of  muscle  sen 
when  muscular  efforts  are  involved,  as,  for  instance,  in  measuri 
Weights  or  resistances.  The  four  sensory  qualities  enumerat 
constitute  the  cutaneous  senses,  and  they  are  present,  or, 
speak  more  accurately,  the  nerves  through  which  these  sen 
are  mediated  are  present  not  only  over  the  general  cutanec 
surface  but  also  in  those  membranes — such  as  the  muc< 
membrane  of  the  mouth  and  the  rectum  (stomodeum  a 
proctodeum) — which  embryologically  are  formed  from  i 
epiblast.  The  surfaces  in  the  interior  of  the  body,  on  i 
contrary — such  as  the  membranes  of  the  alimentary  car 
muscles,  fascise,  etc. — have  only  nerves  of  pain,  but  no  sei 
of  touch  or  temperature.  Of  these  cutaneous  senses,  thrw 
pressure,  warmth,  and  cold — may  be  grouped  with  the  extei 
senses,  the  sensations  being  projected  to  the  exterior  of  1 
body,  into  the  substance  causing  the  stimulation;  although, 
was  mentioned  above,  the  temperature  sensations  under  ci 
ditions — fever,  vascular  dilatation,  etc. — may  be  projected 
parts  of  the  skin  itself  and  be  felt  as  changes  in  ourselves.  1 
temperature  sensations  are,  in  fact,  projected  to  the  extei 
whenever  they  are  combined  with  pressure  sensations,  the  lat 
serving,  as  it  were,  as  the  dominant  sense.  The  pain  sense, 
the  other  hand,  belongs  to  the  group  of  interior  senses,  ' 
sensations  being  always  projected  into  our  own  body  and  be 
felt  as  changes  in  ourselves. 

Protopathic,  Epicritic,  and  Deep  Sensibility. — In  the  mattei 
the  classification  of  the  cutaneous  senses  and,  indeed,  the  body  sen 
in  general,  a  new  pK)int  of  view  has  been  suggested  by  Head  t 
Rivers.*  These  authors  made  a  careful  study  of  the  loss  of  sen 
tions  after  division  of  the  cutaneous  nerves,  and  of  the  subsequ 
gradual  and  separate  return  of  these  sensations  following  upon  sut 
of  the  divided  ends.  They  find  that  in  skin  areas  made  complet 
•  Head  and  Rivera,  "  Bmn,"  1905,  99,  and  1908,  323. 
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;5c  there  is  present  a  deep  or  subcutaneous  sensibility  to 
prowre  and  movements,  a  seasibility  which  must  be  ineiliated 
through  aenaory  fibers  contained  in  the  nerves  to  the  muscles     la 
the  dun  itaelf  there  are  present  two  systems  of  sensory  fil>en4  which 
ngcoerfttc  at  different  times  in  a  nerve  that  has  been  gevered, 
And  may  be  studiefi   separately   by   this   means.     One  system 
cDfiv^ys  sensations  of  pain  and  of  extreme  changes  in  tem|>era- 
loif.  bui  the  sensations  are  imperfectly  localized  and  the  sensi- 
bililT  ia  low.  or,  to  express  the  same  idea  in  another  way,  the 
ikmbold  is  high.     This  kind  of  sensation  is  found  in  the  viscera 
tbo,  and  it  may  be  considered  from  the  functional  standpoint 
•*»  defensive  agency  toward  pathological  changes  in  the  tissues; 
it  k  designated  as  protopathic  sensibility.     It  is  stated  that  the 
ifna  penis  possesses  only  this  kind  of  sensibility.     Trotopathic 
Mobility  comprises  three  qualities  of  sensation  and  presum- 
ably three  seta  of  nerve-fibers,  namely— for  pain,  for  heat  (not 
*vr'ii:late<i  below  .17*^  C),  and  for  cold  (not  stimulated  above 
-'    '  ).    The  second  system  of  fibers  responds  to  stimulations 
b)  U)|;ht  pressures  and  small  differences  in  temperature  between 
36"  and  37*^  C,  the  range  of  tetnperature  to  which  the  tem- 
perature nerves  of  the  protopathic  system  are  insensitive.     These 
fibew  regenerate  after  lesions  much  more  slowly  than  the  pro- 
loptthic  variety,   and  since  the  sensations   rnetliated   by  them 
wlocalizeii  ver>"  exactly,  they  furnish  us  the  means  for  making 
fiae  discriminations  of  touch  and  temperature.     For  this  reason 
^y  Are  described  as  an  epicrilic  system,  and  the  corresponding 
NMations  are  ilesignated  as  epicritic  sensibility.    This  system 
of  fibers  is  not  found  in  the  other  organs,  and  it  constitutes, 
lierefore,  the  special  characteristic  of  the  skin  area.     In  this 
^ftein  there  are  included  separate  fibers  for  heat,  for  cold,  for 
%hl  pressures,   and   for   tactile   discrimination.     It   is    through 
the  aensations   metliatcd  by  these  fibers  that  we  recognize  the 
ibape  and  size  of  objects.     Actrorfling  to  this  classification  we  may 
aiffimr  that  the  posterior  roots  of  the  spina!  nerves  carry  into  the 
cord  the  following  varieties  of  afferent  fibers: 

I  Heat  (amiill  (iiflferencesj. 
J  Cold  iHrimll  (lifTorencosI, 
1  Touch  (light  t)n«.surc8l. 
1  Tactile  iliscrmiiimtiou. 

{Heat  (extremes). 
Cold  (extremes). 
Pain. 

Suhrutaneoufl  or  deep  sensoty  fibers  j  Pain . 

\  MuBcul&r  (position). 

V IT «  «k*_  •  From  muscles,  joints,  etc. 

Non^wnsory  affert-nt  fibers  ^  (Kndingin  ceXllum). 

paths  taken  by  these  fibers  after  entering  the  cord  are  de- 
on  p.  174. 


Epicritic 


CutaaeouB  aenaory  fibere 


Htt>«d 
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The  Punctifonn  Distribution  of  tiie  Cutaneous  Senses.— 

A  most  interesting  fact  in  regard  to  the  cutaneous  senses  is  that 
they  are  not  distributed  uniformly  over  the  whole  skin,  but  are 
present  in  discrete  points  or  spots.  This  fact  was  first  cleariy 
established  by  Blix,*  although  it  was  discovered  independent^ 
by  Goldscheider  and  in  this  country  by  Donaldson.  These  olv- 
servers  paid  attention  chiefly  to  the  warm  and  cold  spots.  The 
existence  of  these  spots  may  be  demonstrated  easily  by  anyone 
upon  himself  by  moving  a  metallic  point  gently  over  the  skiiL 
If  the  point  has  a  temperature  below  that  of  the  skin  it  will  be 
noticed  that  at  certain  spots  it  arouses  simply  a  feeling  of  contact 
or  pressure,  while  at  other  spots  it  gives  a  distinct  sensation  of 
coldness.  If,  on  the  other  hand,  the  point  is  warmer  than  tk 
skin  it  will  at  certain  spots  give  a  sensation  of  warmth.  On  maik- 
ing  the  cold  and  warm  spots  thus  obtained  it  is  found  that  they 


•   * 


• 


r 


Fig.  119. — Reprenentafion  of  the  distribution  of  cold  and  warm  spots  on  the  voUr 
surface  of  forearm  in  a  space  2  cms.  by  4  cms.  The  red  dots  represent  the  cold  spota  at 
te-^ted  Rt  a  temperature  of  lO**  C.  The  black  dots  represent  the  warm  spots  as  tested  at  ft 
'.^mperature  of  41"  to  48"  C. 


occupy  different  positions  on  the  skin.    Elaborate  charts  have 

been   made   of  the    warm   and    cold   spot«  on   different   regions 

of  the  skin,   the    apparatus   usually    employed    being   a  metal 

tube  through  which   water  of  any  desired  temperature  may  be 

circulated.      The   temperature  of  the  skin,  whatever  it  may  be, 

*Blix,  "Zeitschrift  f.  Biologic,"  20,  141.  1884;  Donaldson,  "Mind,"  39, 
1,  1885.    See  also  Goldscheider,  "Archiv  f.  Physiologic,"  1885,  suppl.  volume. 
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the  zero  line;  any  object  of  a  higher  temperature  stimulates 
the  worm  spots,  while  one  of  a  lower  t^^mperature  act«  upon 
tbecold  spota.  The  pressure  or  tactile  sense  ami  the  pain  sen.se 
in  ibo  distrihut^sl  In  a  punetifomi  manner;  they  have  been 
most  carefully  by  von  Frey.*  To  determine  the  loca- 
of  the  pressure  points  he  used  fine  hairs  of  different  diam- 
fa0(ene>d  to  a  wooden  handle.  The  cross-ureas  of  these 
determined  by  measurements  under  the  micro- 
and  the  pressure  exerted  by  each  is  measured 
ing  it  upon  the  scale  pan  of  a  balance.  The  quotient 
preasure  exerteii  divided  by  the  cross-area  of  the  hair 
iqoare  millimeters,  ^^  reduces  the  pressure  to  a  uniform 
bof  ftira.  For  ihe  pain  jxiints  fme  needles  may  be  employed 
« stiff  haire  similar  to  those  used  for  the  pressure  pfnnts.  From 
y|lt\penments  made  there  seems  to  be  no  doubt  that  each  of 
^■four  cutaneous  senses  has  its  own  spots  of  rlistribution  in  the 
^^  those  for  pain  being  most  numerous  and  those  for  warmth 
pVlnst  numemus.  There  is  some  reason  for  believing  also  that 
I  tie  nerve  ending  mediating  the  pain  sense  lie  most,  superficially 
I  b  the  skin  and  those  for  the  warm  sense  the  deepest. 

Specific  Nerve  Energies  of  the  Cutaneous  Nerves. — Many 
have  been  made  to  detennine  whether  the  doctrine  of 
nene  energies  appUes  to  these  cutaneous  senses;  that  is, 
each  sense  has  its  own  nerve  fibers  capable  of  gi>'ing  only  its 
quality  of  sensation.  The  evidence,  on  the  whole,  is  favorable 
to  this  new.  Acconiing  to  some  obser\ers,  elertrical  or  mechanical 
<inHj}||^yH^  of  the  different  y)ointfl  calls  f<>rth  fjir  t^m-h  if 5^  fharsr*''''' 
^  neftction.  Donaklson  has  found  that  cocain  applied  to  the 
gyt  or  throat  degtroys  the  senses  of  pain  and  pressure,  bu^t  leaves 

Sof  heat  and  cold,  which  again  supports  the  view  of  separate 
for  each  sense.  In  addition  there  are  a  number  of  interesting 
flthologicAl  cases  which  point  in  the  same  direction.  Jn  some 
happg  of  the  cord — syringomyelia^  for  instiuace — the  senses  in  the 
loo  of  the  parts  below  are  (lissoeiated. — that  is.  there  ma\'  be  loss 
fjjun  and  temperature  in  a  certain  area  ^'ith  j  retention  of  the 
ffwnire  sense, — a  fact  which  indicates  that  these  senses  have 
fiarate  P&lhs  and  therefore  separate  nerve-fibers. f  Still  more 
(araaUng  cases  of  dissociation  are  re]K>rte<l  as  the  result  of  the 
ttPPT— ion  of  peripheral  nervq  trunks.  Thus,  Barker  J  describes 
I  own  caae,  in  which,  as  the  result  of  the  pressure  of  a  cen'ical 
^  upon  fiome  of  the  chords  of  the  brachial  i)lexus,  there  was  a  rt*gion 
the  arm  lacking  in  the  pressure  and  temperature  senses,  but  retain- 
•  VoB  Fmv,  *'K6nigl.Sarhfll«wihpn  (iftSclLsrhflftder  WiMcnsrhflflcn,  Math.* 

ri  ITIaa    '^  is*M-aWH». 
t  For  many  intiTT^tmi;  comv  of   disMJciulioii   due  to  Hpinul  loeioa^  ace 
Wl,  •*  Brain."   WHWi,  :^i7. 

••Joiiniiil  of  Experimental  Medicine,"  1,  348,  1896. 
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ing  the  sense  of  pain.     He  quotes  other  cases  in  which  the  reverae 
dissociation  occurred,  pressure  sense  alone  remaining.  The  simplest 
explanation  of  these  facts  is  the  view  that  each  pressure,  paiikf 
warm,  and  cold  spot  is  supplied  by  its  own  nerve  fiber,  and  thtb 
each,  when  stimulated,  reacts,  if  it  reacts  at  all,  only  with  its  own 
peculiar  quality  of  sensation.     According  to  this  view,  artifidal 
stimulation,  if  properly  controlled,  of  the  trunks  of  the  nervei 
supplying  the  sldn  should  be  capable  of  bringing  out  these  difereot 
sense  qualities.     Experiments  made  with  this  point  in  view  have 
not,  however,  been  very  successful.    Mechanical  or  electrical  stimu- 
lation of  the  ulnar  nerve,  for  instance,  gives  usually  only  pain  senafr- 
tions,  although  if  the  stimulus  is  feeble  contact  sensations  are 
aroused.    The  method,  however,  is  probably  at  fault.     In  the  case 
of  amputated  fingers  or  limbs  a  more  decisive  result  is  obtained. 
As  is  well  known,  individuals  after  such  operations  may  for  many 
years  have  sensations  of  their  lost  fingers  or  limbs.    In  such  cases 
the  pressure  in  the  stump  of  the  wound  acting  upon  the  central  ends 
of  the  sensory  fibers  arouses  sensations  which  are  projected  in  the 
usual  way,  and  give  the  feeling  that  would  be  experienced  if  the 
lost  parts  were  still  there  and  were  stimulated  in  the  normal  mann^. 
The  Temperature  Senses. — The   main  facts  regarding  the 
distribution  of  heat  and  cold  spots  have  been  determined,  but 
in  most  of  the  experiments  on  record  no  distinction  was  made 
between  protopathic  temperature  sensations  and  those  mediated 
by  the  epicritic  temperature  nerves.     It  is  difficult  to  adapt 
the  older  descriptions  to  this  newer  terminology,  but  when  not 
otherwise  specifically  stated  it  may  be  assumed  that  the  epicritic 
system   is  referred   to.     In   general,   the   cold   spots   are   more 
numerous  than  the  warm  spots,  and  react  more  promptly  to 
thgir    adequate    stimulus.     The    threshold    stimulus    vanes   in 
different  parts  of  the  skin,  the  tip  of  the  tongue  requiring  the 
smallest  stimulus  to  arouse  a  sensation,  and  the  eyelids,  fore- 
head,   cheeks,    lips,   limbs,    and   trunk   following   in   the   order 
named.     According  to  Goldscheider,  the  spots  on  most  portions 
of  the  skin  form  chains  that  have  a  somewhat  radiate  arrange- 
ment  with   reference   to   the    hair   follicles.     The   temperature 
points    possess    each    its    adequate    stimulus,    that    for    the 
cold  spot  being  temperatures  lower  than  the  skin  or  of  the  terminal 
organ  of  the  cold  nerves,  that  for  the  heat  spots  temperatures  higher 
than  their  own.     From  the  standpoint  of  specific  nerve  ener- 
gies it  is  most  interesting  to  find  that  these  points,  particularly 
the  cold  spots,  may  be  stimulated  by  other  than  their  adequate 
stimuli.    Mechanical  and  electrical  stimulation  has,  in  the  hands  of 
several  observers,  been  efficient  in  causing  a  sensation  of  cold  upon 
a  cold  spot  and  of  heat  upon  a  warm  spot.     Some  chemical  stimuli 
are  also  effective.    Menthol  applied  to  the  skin  gives  a  cold  sensa- 
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L  the  other  hand,  if  the  arm  be  plunged  into  a  jar  of 
rrtttwoHlioxid  g,ns  a  distinct  warm  sensation  will  be  experienced. 
lAcuni^s  effect  of  this  kind  is  what  is  known  as  tlie  paradoxical 
[aoWreaction.  It  is  pn^Iuced  by  applying  a  very  warm  ubject,  with 
,  trmp^raturt*  of  40°  to  60°  C,  ti»  a  cold  spot.  According  to 
|B«iil  A&d  Rivers  this  reaction  is  rather  characteristic  of  the 
vpatbic  temperature  fibers.  It  can  be  obtained,  for  example, 
'  f  -  s^anB  penis,  which  possesses  only  protopitthic  sensibility. 
■j:  the  course  of  regeneration  of  a  severed  cutaneous 
Laene.  In  this  latter  condition  hot  objects  applied  to  a  cold 
t»pot  give  a  vivid  sensation  of  cold.  The  same  result  may  be 
Ifcit  sometimes  at  the  instant  of  entering  a  hot  bath.  Many 
■ffortfl  have  been  made  tc»  determine  whether  there  is  a  specific 
IddJ  of  end-4irgan  for  each  of  these  senses.  Numerous  observers 
■weut  out  the  skin  from  cold  or  hot  spots  and  exaniinetl  the 
red  part  carefully  by  histological  methods.  The  general 
wait  hfts  lieen  that  no  distinctive  end-organs  have  been  found, 
Fon  Prey,  however,  believes  that,  although  the  heat  spots  are 
IQppliod  simply  by  a  terminal  end  plexus,  tiie  cold  spots  in  some 
plaeee  at  least  have  as  a  specitU  end-organ  the  end-bulbs  of 
Kmose.  This  conclusion  is  based  upon  the  fact  that  these 
•od-huHis  are  found  in  places,  such  as  the  glans  penis  and  con- 
junctiva, where  the  cold  sense  is  especiaily  prominent  or  exclu- 
•ively  preiient. 

llie  (Epicritic)  Sense  of  Pressure  or  Touch. — The  cutaneoua 
[>oints  are  smaller  and  more  numerous  than  the  cold 

spots.     Von   Frey  has  shown  that  in  those  portions 

of  the  bo<ly  that  are  supplied  with  liairs  the  pressure  points 
Kg  ovrr  f.hff»  hftir^inirlps  The  pressure  nerve-fibers,  m  fact, 
terminate  in  a  ring  surrounding  the  hair  follicle,  this  form 
termination  serving  as  an  end-organ.  On  account  of  their 
ntion  they  are  stimulatetl  by  any  pressure  exerted  upon 
the  hair.  The  hair,  indeed, acts  like  a  lever  and  transmits  any  pre»- 
applied  to  it  with  increased  intensity,  acting,  therefore,  as  re- 
tbe  preesure  organ  somewhat  like  the  ear-bones  in  the  case 
the  endings  of  the  auditor^'  nenx.  In  parts  of  the  body  not 
faniabed  with  hairs  the  tactile  or  Meissner  corpuscles  are  found 
ftDd  theae  structures  doubtless  function  as  pressure  end-organs. 
Thr>'  are  particularly  abundant  in  the  parts  of  the  hand  and  feet  in 
which  a  delicate  sense  of  pressure  is  present  in  spite  of  a  much  thick- 
ened epidermis.  It  has  been  estimated  that  for  the  entire  surface 
of  the  body,  excluding  the  head  region,  there  are  about  500,000 
of  theee  preesure  points.  These  points  are  close  together  on  those 
perte.  such  as  the  tongue  and  fingers,  which  have  a  delicate  tactile 
eenae  and  more  widely  scatt«re<l  where  the  sense  is  less  developed. 
The  Threshold  Stimulus  and  the  Localizing  Power.— The 
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delicacy  of  the  sense  of  pressure  may  be  measured  by  detenniiuog 
the  minimal  pressure  necessary  to  arouse  a  sensation, — that  ii|  1 
the  threshold  stimulus, — or  it  may  be  estimated  in  terms  of  the 
power  of  discriminating  two  contiguous  stimuli, — that  is,  the  mini- 
mal distance  that  two  points  must  be  apart  in  order  for  the  sen 
tions  to  be  recognized  as  distinct.    The  two  methods  of  measuie- 
ment  do  not  coincide.    As  determined  by  the  threshold  stimuhs, 
the  greatest  delicacy  is  exhibited  by  the  skin  of  the  face,  the  fore- 
head, and  temples.    According  to  the  older  methods  of  measure- 
ment, the  forehead  ^vill  perceive  a  pressure  of  2  mgs.,  while  the  skin 
of  the  tips  of  the  fingers  needs  a  pressure  of  from  5  to  15  mgs.  to 
arouse  a  perceptible  sensation.    The  back  of  the  hand  or  the  ann 
is  more  sensitive  from  this  standpoint  than  the  tips  of  the  fingess. 
When  measured    by  the   power  of   discriminating  two   points— 
that  is,  the  locahzing  sense — the  tips  of  the  fingers  are  far  more 
sensitive  than  the  skin  of  the  face  or  of  the  arm.    This  latter  prop- 
erty, in  fact,  stands  in  relation  to  the  closeness  of  the  pressure 
points  to  one  another.    The  localizing  sense  may  be  determined 
by  Weber's  method  of  using  a  pair  of  compasses  with  blimt  points. 
For  any  given  area  of  the  skin  the  power  of  discrimination  or  local- 
ization is  expressed  in  terms  of  the  number  of  millimeters  between 
the  two  points  at  which  they  are  just  distinguished  as  two  separate 
sensations  when  applied  simultaneously  to  the  skin.    Instruments 
made  for  this  purpose  are  designated  as  esthesiometers.    Tliey 
carry  two  points  the  distance  of  which  apart  can  be  readily  adjusted 
and  read  off  on  a  scale.    The  most  satisfactory'  form  of  esthesiom- 
eter  is  that  devised  by  von  Frey.     The  two  points  in  this  case  are 
made  by  long,  rather  stiff  hairs  whose  pressure  can  be  made  quite 
uniform.     According  to  the  older  measurements,  the  discriminat- 
ing sense  of  different  parts  of  the  skin  varies  greatly,  as  is  shown  by 
the  accompanying  tabic*; 

Tip  of  the  tongue 1.1  mms. 

Tip  of  finger,  palmar  surface 2.3  " 

Second  phalanx  finger,  palmar  surface 4.5  *' 

First  phalanx  finger,  palmar  surface 5.5  " 

Third  phalanx  finger,  dorsal  surface 6.8  " 

Middle  of  p:ihn S  to  9     " 

Second  phalanx  finger,  dorsal  surface 11.3  " 

Foreheail 22.6  " 

Back  of  the  hand 31.6  " 

Forearm 40.6  " 

Sternum 45  " 

Along  the  spine 54  " 

Middle  of  ntvk  or  back 67.7  " 

The  tips  of  the  tonsrue  and  the  fingers  are,  therefore,  the  most 
delicate  surfaivs.  and  that  the  tongue  surpasses  the  fingers  in  this 
respect  is  easily  within  the  experience  of  ever>'one  who  will  recall 
the  ease  with  which  small  objects  between  the  teeth  are  detected  by 
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•tongue  as  compare*!  with  the  fingers.    From  the  above  data  it 

^erident  also  that  the  whole  skin  may  be  imagined  as  composed 

IfifDOBUe  of  areas  of  different  sizes,  the  senson*  circles  of  Weber, 

kttch  of  which  two  or  more  simultaneous  stimulations  of  the  pres- 

ncrrcs  pve  only  one  pressure  sensation.    The  size  of  these 

,  particularly  where  they  are  large,  may  be  reduced  by  practice, 

(ieflbown  by  the  increaaetl  tactile  sensibility  of  the  blind.     The 

tthflt  we  can  recognize  two  simultaneous  pressure  stimuli  of  the 

lutwo  distinct  sensations  implies  that  the  two  sensations  have 

I  ncognizable  difference  in  consciousness.    This  difference  is 

of  as  the  local  sign.    We  may  believe  that  ever>*  sensitive 

t  upon  the  skin  has  its  own  distinctive  local  sign  or  quality,  and 

\hy  experience  we  have  learned  to  project  each  local  sign  more 

flfloB accurately  to  its  proper  place  on  the  skin  surface.     Two  pciints 

00  this  surface  that  are  a  great  tlislance  apart  are  easily  recognized 

•  different ;  but  as  we  bring  the  point^n  closer  together  the  difference 

%ft"^**  lesB  marked  and  finally  disappears  when   the  distance 

MWp<Micb  to  the  area  of  the  sensory  circle  for  the  part  of  the  skin 

imaligated.  for  instance.  1  mm.  for  the  tongue,  22  mms.  for  the 

ienhemd,  etc.     The  ultimate  limit  of  the  power  of  discrimination 

wm  aaBumed  by  Weber  to  dejx^nd  iir>on  the  area  of  distribution  of 

[ s angle  nerve  fiber.    Assuming  that  each  ncne  filxr  at  its  termi- 

ioo  spreads  over  a  certain  skia  area,  it  was  suggested  that  the 

of  this  area   forms  a  limit  to  the  power  of  discrimination, 

■Dee  two  stimuli  within  it  would  affect  a  single  fiber  and  therefore 

,innldgivca  single  sensation. 

^This  view,  however,  has  not  been  supposed  to  accord  with  the 
keren  when  the  additional  suppo:?ition  was  made  that  the  local 
of  two  adjacent  fibers  may  not  be  distinct  enough  for  us  to 
them  as  separate  and  that  practically  there  must  be  a 
of  intenening  unstimulated  areas,  the  numl^er  varj^ing 
aeeording  to  the  sensitiveness  of  the  area.  A'on  Frey  has,  however» 
prvn  a  new  method  of  testing  the  localizing  sense  of  the  skin,  the 
rewlta  of  which  seem  to  accord  with  this  anatomical  explanation. 
If  instead  of  applying  the  two  ix)ints  simidtaneously  they  are 
■Pitied  in  succession,  at  an  intenal  of  one  second,  the  individual  can 

(dMnguish  the  difference  when  two  neighboring  pressure  points  are 
■tmmlatcd.  Each  pressure  point  in  the  skin,  therefore,  has  a  local 
wifgn^  which  enables  us  to  distinguish  it  from  all  others,  and  by  this 
melliod  the  ultimate  senson.-  circles  on  the  skin  become  much 
flBudler  than  when  measure<l  by  the  usual  method  of  Weber.     The 

Ieentcr  of  each  is  a  pressure  point  and  the  area  is  determined  by  the 
distance  from  this  center  at  which  an  isolated  stimulation  of  this 
point  ran  be  obtainetl.  It  seems  probable,  moreover,  that  each  of 
tbese  pressure  points  is  connecte<l  to  the  brain  by  a  separate  ner\'e 
psth,  poBsibly  a  Fincle  fiber,  and  that  this  anatomical  arrangement 


286  THE    SPECIAL    SENSES. 

determines  the  limitation  of   the  localizing  sense  for  diffo^it 

regions  of  the  skin. 

In  the  newer  work  of  Head  and  Rivers,  which  has  been  referred  to  aevenl 
times,  it  will  be  recalled  that  they  distinguish  first  of  all  between  cutaneov 
sensibility  to  pressure  and  a  deep  sense  of  pressure.  When  the  cutaoeov 
fibers  of  a  given  area  are  all  destroyed  by  d^eneration,  'the  area  is  still  a»> 
sitive  to  pressure  applied  so  as  to  deform  the  skin  inward.  The  spot  n 
stimulatea  can  be  localized  accurately.  This  deep  sense  of  pressure  is  moiitted 
by  the  deep  ner\'e  fibers  which  supply  the  muscles.  According  to  then 
authors  the  cutaneous  pressure  sensioility  is  mediated  by  two  sets  of  fibm, 
those  which  give  us  the  power  of  tactile  discrimination  when  the  compui 
points  are  applied  simultaneously  to  the  skin,  and  those  which  give  us  the 
power  of  reco^izing  simply  light  pressures.  In  lesions  of  the  spinal  cord  ooeaf 
these  sensibihties  may  be  lost  and  the  other  retained  over  a  given  akin  am 
(Head  and  Thompson,  "  Brain/'  1906).  In  fact,  the  fibers  of  tactile  <^scrim>- 
nation  are  stated  to  pass  up  the  cord  (uncrossed)  in  the  postmor  funicuB. 
while  those  of  light  pressures  ascend  in  the  latezul  or  anterolateral  funicun 
and  cross  before  reaching  the  medulla. 

The  Pain  Sense. — Pain  is  probably  the  sense  that  is  most  widdy 

distributed  in  the  body.  It  is  present  throughout  the  skin,  ai^ 
under  certain  conditions  may  be  aroused  by  stimulation  of  sensory 
nerves  in  the  various  visceral  organs,  and  indeed  in  all  of  the  mem- 
branes of  the  body.  Our  knowledge  of  the  physiological  properties 
of  the  end-organs  and  nerves  mediating  this  sense  is  chiefly  limited 
to  the  skin,  and  for  cutaneous  pain  at  least  the  evidence,  as  stated 
above,  is  verj^  strongly  in  favor  of  the  view  that  there  exists  a  special 
set  of  fibers  which  have  a  specific  energy  for  pain.  All  recent  ob- 
servers agree  that  the  pain  sense  ha^i  a  punctiform  distribiition_in 
theskin.  the  pain  points  being  even  Tnn]-^  nnmpronH  tbnn  |,[iffjrpa- 
sure  points.  The  threshold  stimulus  of  these  points  in  various 
regions  may  be  determined  by  von  Frey's  stimulating  hairs,  and 
experiments  of  this  kind  show,  as  we  should  expect,  that  it  varies 
greatly.  The  cornea,  for  instance,  gives  sensations  of  pain  with 
much  weaker  stimuli  than  in  the  case  of  the  finger  tips.  In  general, 
however,  the  threshold  stimulus  is  much  higher  for  the  pain  than 
for  the  pressure  ix)ints.  Histological  examination  of  the  pain  points 
indicates  that  there  is  no  special  end-organ,  the  stimulus  taking 
effect  upon  the  free  endings  of  the  nerve  fibers.  Any  of  the  usual 
forms  of  artificial  nerve  stimuli  may  affect  these  endings  if  of  suf- 
ficient intensity,  and,  as  is  well  knowTi,  stimuU  applied  to  senson^ 
nerve  trunks  affect  these  fibers  with  especial  ease.  A  temperature 
of  50°  to  70°  C.  applied  to  an  afferent  ner\'e  will  cause  ^'iolent  pain 
sensations,  but  has  no  effect  upon  the  motor  nerve  fibers  in  the  same 
tnmk.  Mechanical  stimulation  gives  usually  only  pain  sensations, 
and  the  results  of  inflammatory  changes,  as  in  neuritis  or  neuralgia, 
are  equall}^  marked. 

Localization  or  Projection  of  Pain  Sensations, — Under  normal 
conditions  cutaneous  pains  are  projected  with  accuracy  to  the  point 
stimulated,  and  it  is  possible  that  this  result  is  due  in  part  at  least 
to  the  training  acquired  in  connection  with  concomitant  (epicritic) 
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notations,  the  latter  acting  as  a  guide  or  aid  in  the  pro- 
Ktioo.  Thus  in  the  cases  referred  to  above,  in  which  a  portion 
d  the  akin  had  lost  the  sense  of  pressure  and  temperature,  but 
th^t  of  pain,  it  waa  found  that  the  locahzation  was  very 
■complete.  Pain  arising;  in  the  internal  organs,  on  the  contrary, 
iilocAted  very  inacr» irately.  The  pain  from  a  severe  toothache, 
ivttample,  may  1^  projected  quite  diflfusely  to  the  side  of  the  face. 
iveiy  intereeiting  fact  in  this  connection  is  that  such  pains  are 
pftto  referred  to  points  on  the  skin  and  may  be  accompanied  by 
ikio  areas  of  tenderness.  Pains  of  this  kind  that  are  misreferred 
tfttbewrface  of  the  body  are  designated  as  reflected  pains.  It  haa 
dunrn  by  Head  *  and  others  that  the  different  visceral  organs 
Imvb,  in  this  respect,  a  more  or  less  definite  relation  to  certain 
«fW8  of  the  skin.  Pains  arLsing  from  stimuli  nrtmp;  npnn  the 
are  located  in  the  skin  of  the  back«  loins,  and  abdomen 


I  tiie  area  supplied  by  the  ninth,   tenth,   and  eleventh  dorsal 
^'  -■  ;^ains  from  irritations  in  the  stomach  are  located 

-  aver  the  ensiform  cartilage;  those  from  the  heart  in  the 
reipon,  and  so  on.  The  explanation  offere<l  for  this 
ioe  b  that  the  pain  is  referred  to  the  skin  region  that  is 
from  the  spinal  segment  from  which  the  organ  in  question 
ves  its  sensory  fibers,  the  mlsreference  being  due  to  a  (lifTusion 
tierve  centers.  As  Head  expresses  it.  "when  a  painful 
lu8  is  applied  to  a  part  of  low  sensibility  in  close  central 
tion  with  a  part  of  much  greater  sensibility  the  pain  pro- 
is  felt  in  the  part  of  higher  sensibility  rather  than  in  the  part 
aensibiUty  to  which  the  stimulus  was  actually  applietl." 
intfiresting  that  affections  of  the  serous  cavities — e.  g.,  the 
m — do  not  cause  retJected  pains  or  cutaneous  tenderness 
in  the  caae  of  the  viscera.  Another  notable  fact  in  this  connec- 
ts the  occurrence  of  the  condition  known  as  allochiria:  When 
any  cauae  one  or  other  of  the  cutaneous  senses  is  depressed 
a  given  area  stimulation  in  this  region  may  give  sensations 
are  referred  to  the  symmetrical  area  on  the  other  side  of 
body,  or,  if  thL^  also  is  involved,  it  may  be  referred  to  the  area 
ixt  above  or  below  in  the  spinal  order.  The  above  law, 
rding  to  which  projection  is  made  to  the  area  of  high  sensi- 
niost  closely  connected  with  the  area  of  low  sensibility, 
%i  hold  in  this  case  also. 
Muscular  or  Deep  Scnsibility.^Tlie  existence  of  a  special  set 
aensory  nerve-fil>ers  distributed  to  the  muscles  was  clearly 
by  some  of  the  older  physiologists.  Charles  Bell,t 
pie,    says :    "  Between    the    brain    and    the    muscles 


-JHomI,  "Brain,"  10,1,  1893,  An<l  24,  :i45,  1901. 

t  BrH,  *'Tbr'  Nervous  SyBt«m  of  the  Human  Body,"  third  edition,  Lon- 
\hM,  p.  200. 
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there  is  a  circle  of  nerves;  one  nerve  conveys  the  influenoB- 
from  the  brain  to  the  muscle;  another  gives  the  sense  of  the 
condition  of  the  muscle  to  the  brain."    The  conclusive  prooi 
of  the  existence  of  such  fibers,  however,  has  only  been  fnr- 
nished  within  recent  years.     It  has  been  demonstrated  thafr 
there  are  special  sensory  endings  in  the  muscles,  the  so-callecS 
muscle  spindles,  and  in  the  attached  tendons,  the  tendon  spindkv 
or  tendon  organs  of  Golgi.    The  muscle  spindles  are  found  most 
frequently  in  the  neighborhood  of  the  tendons,  at  tendinous  inter- 
sections or  under  aponeuroses.    Sherrington*  has  shown  that  the 
nerve  fibers  in  them  do  not  degenerate  after  section  of  the  anterior 
roots  of  the  corresponding  spinal  nerves  and  are  therefore  derived 
from  the  posterior  roots.     In  the  muscles  of  the  limbs  he  estimattf 
that  from  one-half  to  one-third  of  the  fibers  in  the  muscular  nave 
branches  are  sensory,  and  that  most  of  these  sensory  fibers  end  in 
the  muscle  spindles.     On  the  physiological  and  clinical  side  facts  d 
various  kinds  have  accumulated  that  make  clear  the  existence  of 
this  group  of  sensoryfibers  and  emphasize  their  essential  importance 
in  the  co-ordination  of  our  muscular  movements.    It  has  been  shown 
that  stimulation  of  the  nerves  distributed  to  the  muscles  or  mechani* 
cal  stimulation  of  the  muscles  themselves  causes  a  depressor  effect 
upon  blood-pressure,  thus  demonstrating  the  presence  of  afferent 
fibers  in  the  muscles.    As  described  in  the  section  upon  the  central 
nervous  system,  the  numerous  experiments  upon  the  effect  of  seclicm 
of  the  posterior  and  lateral  funiculi  of  the  cord,  and  observations 
upon  the  results  of  pathological  lesions  of  the  posterior  funiculi 
(tabes  dorsalis)  give  results  which  are  interpreted  to  mean  that 
fibers  of  muscular  sensibility  form  the  most  important  group  in 
the  posterior  funiculi  and  constitute,  as  well,  perhaps,  the  long, 
ascending  fibers  in  the  cerebellospinal  fasciculus  in  the  lateral 
funiculi.     It  is  believed,  therefore,  that  our  so-called  voluntary 
muscles  are  richly  supplied  with  afferent  fibers  and  that  the  im- 
pulses carried  by  these  fibers  to  the  brain  are  necessary  for  the 
proper  contraction  of  the  muscles,  and  particularly  for  the  ade- 
quate combination  of  the  contractions  of  groups  of  muscles  in 
the  co-ordinated  movements  of  equilibrium.     Indeed,  section  of 
the  posterior  roots  of  the  spinal  nerves  supplying  a  given  region 
is  followed  by  a  loss  of  control  of  the  muscles  in  this  region 
hardly   less   complete   than   the   paralysis   produced   by   direct 
section  of  the  anterior  roots;  the  muscles  not  only  lose  their 
tonicity  in  consequence  of  the  dropping  out  of  the  reflex  sensorj' 
stimuli  from  the  skin  and  muscles  of  the  region,  but  they  are 
apparently  withdrawn  from  voluntary  control  in  spite  of  the 
maintenance  of  their  normal   motor   connections.     Within  the 
central  nervous  system  the  afferent  nerve-fibers  of  the  muscles  end 
•  Sherrington,  "Journal  of  Physiolog>',"  17,  237,  1894. 
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;  ID  the  cerebellum  and  in  part  pass  forward,  by  way  of  the 

dian  fillet,  to  end  in  the  c-erehrum.    In  the  cerohriini  they  end  in 

*  cortex  c>f  the  parietal  lobe  in  t  he  region  of  the  posterior  central 

Dvolution.     There  is  reason  to  believe  that  this  corti^'al  sense 

^of  the  muscle  sense  is  connected  by  assuciation  fibers  with 

I  motor  areas  lying  anterior  to  the  ceutml  fissure  of  Rolando, 

I  wc  have  thus  a  reflex  arc — or,  as  Bell  expressed  it,  a  circle 

'nerves  between  the  muscles  and  the  brain.     It  is  probable 

[ftfiinilar  arc  or  circle  in  formed  by  the  connections  tlirough 

cerebellum,  and  still  a  third  one  of  a  lower  order  by  the 

ctions   in    the   spinal    curd.     In    the   higher   animals   the 

impulses  received  in  the  cerebellum  through  the  fibers  of  muscle 

acDsr,  in  connection  with  those  received  from  the  semicircular 

ouuU.4  auid  vestibular  sacs  of  the  ear.  furnish  thr^  afTercnt  clement 

in  the  reflex  cerelx?ilar  control  of  muscular  muvcnients,  particularly 

of  tiic  synergetic  combinations  neces.sary  in  locomotion.    Through 

tbt  rirrJe  <>r  arc  in  the  cortex  of  the  cerebrum  it  may  be  supposed 

that  our  chanvcterislic  voluntary  mavcmcnts  are  affected    and 

h  may  \>€  doubted   whether  a  so-culled   voluntary  contraction 

eno  be  made  when   this  circle  is  broken  on  the  sensory  side. 

inMlher  or  not  this  latter  suggestion  is  true,  it  seems  to  be 

bqrood  doubt  that  adequately  controlled  voluntary  movements 

4f|?*T**^  for  their  a<iaptation  upon  the  inflow  of  afferent  impulses 

the  fil>ers  of  muscle  sense.     We  have  a  certfiin  conscious- 

ai  the  condition  of  our  muscles  at  all  times,  and  if  we  were 

•ii*©d  of  this  knowledge  we  sht.»uld  be  unalde  to  control  them 

properly,  perhaps  unable  to  use  them  voluntarily. 

Tbe  Quality  of  the  Muscular  Sensibility. — Under  the  term 
moicuLar  sensibility  in  its  wide  sense  we  must  understand  the 
I  MOlibflity  nie<liated  by  the  afferent  fibers  from  the  muscles, 
tendons,  ligaments,  and  joints.  The  quaHty  of  these  deep 
f«eBMtions  is  of  several  kinds — we  have  first  of  all  the  deep 
JIT  .sensibility  (see  p.  286),  which  gives  a  definite  ccmscious 
fCAction  that  is  well  localiised.  It  is  usually  projected  to  the 
e3cX«nor  and  is  not  consciously  separated  from  the  tactile  or 
preamire  senf^ations  of  the  skin.  We  probably  make  nmch  use 
of  thit  aensibijiiy  in  judging  the  weight  and  resistance  of  bodies. 
Muscular  sensibility  proper  is  that  ill-defined  consciousness 
rhich  we  possess  of  the  condition  and  position  of  our  muscles 
or  of  the  joints  or  limbs  moved  by  them.  It  includes  also  the 
passive  position,  and  the  sense  of  effort  and  of  tlie  spatial 
of  the  limbs  in  motion  or  at  rest.  When  the  afferent 
liben  from  the  muscles  and  joints  are  traceil  into  the  central 
Dcrroua  system,  some  of  them,  it  will  Ije  remembered,  enter  the 
tncta  of  Flechsig  and  Gower  and  end  in  the  cerebellum,  while 
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others  pass  up  the  cord  in  the  posterior  funiculi,  enter  the  lenuuBcitt^ 
and  terminate  eventually  in  the  cerebral  cortex  in  the  po8t- 
Rolandic  region.    Our  conscious  muscular  sensations  are  mecfiated 
presumably  by  this  latter  group.    The  untrained  person  scarcdy 
recognizes  the  existence  of  these  sensations,  but  they  are  evident 
enough  upon  analysis,  and  it  is  most  certain  that  they  take  % 
fundamental  part  in  regulating  our  movements.     In  our  estama- 
tions  of  the  extent  of  the  muscular  contractions  they  form  the 
chief  sensory  basis,  and  in  this  way  they  may  indirectly  fiimidi 
us  with  data  for  perceptions  and  judgments  of  various  kinds. 
Doubtless,  also,  this  sense  takes  an  essential  part  in  the  prinutive 
formation  of  our  conceptions  of  space,  since  it  may  be  assumed 
that  the  continual  movements  of  the  extremities  furnish  in  con- 
nection with  our  visual  and  tactile  impressions  essential  data 
upon  which  we  build  our  perceptions  of  distance  and  sijse,  our 
judgments  of  spatial  relations.    As  is  explained  in  the  chapter 
on  the  Physiology  of  the  Ear,  the  sensations  from  the  seim- 
circular  canals  and  vestibular  sacs  co-operate  in  giving  data  for 
these  fundamental  conceptions,  and  it  is  not  possible  for  us  to 
disentangle  the  parts  taken  by  these  senses  separately  in  building 
up  om*  knowledge  of  the  external  world. 

Sensations  of  Htmger  and  Thirst. — Hunger  and  thirst  are 
typical  interior  (or  common)  sensations.  We  feel  them  as  changes 
in  ourselves,  although  the  sensations  are  of  such  a  vague  character 
that  it  is  difficult  to  analyze  them  successfully  by  methods  of  intro- 
spection. The  feeling  that  we  designate  commonly  as  hunger  or 
appetite  occurs  normally  at  a  certain  time  after  meals,  and  it  is 
referred  or  projected  more  or  less  definitely  to  the  r^on  of  the 
stomach.  When  the  sensation  is  not  satisfied  by  the  ingestion  of 
food,  it  increases  in  intensity  and  the  individual  experiences  the 
pangs  of  hunger.  The  testimony  of  those  who  have  starved  for 
long  periods,  as  well  as  the  experience  of  professional  fasters,  indi- 
cates that  these  pangs  after  a  few  days  diminish  in  strength  and  may 
finally  disappear,  so  that  prolonged  starvation  is  not  accompanied 
necessarily  by  physical  suffering.  The  older  observers  made  a 
distinction  between  a  hunger  supposed  to  be  due  to  conditions  in 
the  stomach  and  a  hunger  due  to  insufficient  nutrition  in  the  body 
at  large.  A\Tiether  or  not  sensations  of  this  quality  can  arise  from 
impoverished  nutrition  of  the  tissues  in  general  has  been  a  matter 
of  some  dispute.  There  are  some  facts  which  indicate  that  a 
general  or  somatic  hunger  may  exist,  for  example,  the  continued 
hunger,  in  spite  of  ample  food,  which  may  be  present  in  a  condition 
such  as  diabetes,  or  such  a  case  as  thfit  described  by  Hertz,*  in 
which  a  patient  with  an  intestinal  fistula  through  which  most  of  the 
food  escaped  complained  of  constant  hunger,  although  his  stomach 

•  Hertz,  "The  Sensibility  of  the  Alimentary  Canal,"  Ijondon,  1911. 
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[filkd  with  footi.     It  is  possible,  of  course,  that  in  such  cases 
rwQMtions  of  hunger  are  not  produced  by  general  changes  in  the 
but  are  due  to  some  chetniral  change  in  tiie  blood  that 
i  the  hunger  apparatus  of  the  stomach.     What  we  usually 
I  by  hunger  ii*  a  sensation  that  is  referable  t<»  chanjies  in  the 
fh  and  disappears  nonnally  when  the  stoniacli  is  supplied 
fwith  food.    Cannon  and  Washburn*  have  shown  that  when  the 
fh  is  empty  the  hunger  s(*nsatioiis  iiuiy  apjH'ar  and  tlisnppear 
toertain  mtervals,  and  they  havt*  demonstniterl  rx|K'rimeiitally 
thftt  th^  appearance  of  a  hunger  pain  is  simultaneous  with  a  con- 
tnctioa  of  the  musculature  of  the  stonuich.     They  propose  the 
tteoy  that  hungi^r  sensations  or  hunger  pjiins  are  caused  by  con- 
tnctioDS  of  the  .stoituich,  the  contractions  affecting  pn'sumably 
nwaayet  unde»criU*d  scn^tory  apparatus.    Carlscmt  hiis  reported 
ohen'atiniLH  u|>on  u  uuin  with  a  pemiancnt  gastric  fi.stula,  which 
-'•^'fx)rale  the  n*sults  of  Cannon  an<l  Washburn.     As  soon  as 
fmach  Ls empty  tlit^e  htmger  eontrartions  tiuike  their  app(*ar- 
tttfSt   l^ut    merhani<*al   or   chemical   stimulation   of  the   mucous 
moiihrane  of  the  mouth,  esophagus,  or  stomach  cau.ses  them  to 
dHsppmr  through  a  reflex  inhibition.     The  efferent  fibers  con- 
in  this  inhibition  run  in  the  splanchnic  nerves.    Since  the 
contractions  occur  after  section  tif  both  vagi  and  splanch- 
nici.   It   is  evident   that    the  esst^ntial   nie<'hiuiism   concerned   is 
vbolly   intrinsic,   involving,   prol)ably,   the  local  nerve   plexuses 
ifi  tbc  walls  of  the  stomach.     The  vagi  exert  a  tonic  influence  on 
apparatus,  while,  as  ju.st   stated,  its  acti\nty  is  readily  in- 
Itinuigh  the  splanchnic  paths.     Since  the  hunger  pains 
and  the  hunger  contractioas  disappear  when  ffx>d  is  eaten,  and 
while  the  stomach  is  in  active  digestion,  it  seems  evident  that  the 
crdtOAry  movements  of  the  stomach  during  digestion  are  of  a 
different  order  fmm  those  contractions  that  cause  hunger  pains. 
It  t2«  suKg«'st<'d  ti»at  tlie  lattt'r  involve  mainly  the  fundus  or  Inwly 
of  the  stomach.     Some  confusion  has  existe<l  in  regjird  to  the  sig- 
aceof  the  terms  "hunger"  and  "appetite."    Most  writers  have 
incliuiMl  to  use  the.**<'  terms  to  imiicat^'  diff<*rcnt  degrees  of 
ity  of  the  same  sensory  apparat\is.  appetite  Innng  employed 
df»cn\M*  the  milder  forms  of  hunger  as  contra.*<ttHi  with  the 
stronger  and  more  <iis:igreeable  sen.sations  designat^l  as  hunger 
paiffei  or   hunger   pangs.    Other  authors  consider  that   hunger 
and  apptMiti"  constitute  two  different  sensations  mediated  pre- 
aly    by    two    different    physiological    mechanisms.     Thus, 
9&  and  Washburn  define  appetite  as  a  kind  of  pleasurable 

*  CaODoa  AD(1  Wuahburn.  "American  Journal  of  Physiolo^,"  20, 441,  1012. 
t  C«rti«in,  i2m/.,  31, 15b  19^2,  and  31,  175,  aad  212,  1913;  ab«o  vols.  32, 33, 
S4.aiMl36. 
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mental  state  connected  with  stimulation  of  the  nerves  of  taste  o 
odor  and  dependent  upon  past  associations  of  an  agreeable  chai 
acter.  Carlson*  also  separates  sharply  the  two  s^ksatiooE 
The  sensory  apparatus  for  hunger  lies  in  the  walls  of  the  stomadi 
probably  in  the  muscular  coats,  and  is  stimulated  by  the  contou 
tions  of  the  musculature.  The  sensations  aroused  are  more  or  lea 
disagreeable.  Appetite,  on  the  contrary,  is  an  entirely  pleassD 
sensation  aroused  in  part  through  the  sensory  nerves  of  tast 
and  smell,  but  also  by  sensory  fibers  in  the  gastric  mucosa.  TU 
gastric  component  of  the  appetite-sense  explains  the  increase 
appetite  observed  sometimes  at  the  beginning  of  a  meal  aftc 
partaking  of  some  palatable  food.  Under  ordinary  conditions  c 
hfe  the  regulation  of  the  amount  and  quality  of  the  food  necessar 
to  the  proper  nutrition  of  the  body  and  the  maintenance  of  bod 
equilibrium  is  effected  through  the  sense  of  hunger  or  of  hunger  a& 
appetite.  Its  striking  influence  upon  the  body  at  large  is  well  illuj 
trated  in  the  case  of  animals  (pigeons,  dogs)  deprived  of  their  cen 
brum.  During  the  period  of  fasting  these  animals  show  all  the  ei 
temal  signs  of  hunger,  and  keep  in  continual,  restless  moveme 
that  seems  to  imply  a  constantly  acting  sensory  stimulus.  Tl 
complexity  of  the  nervous  apparatus  that  controls  the  appetite 
shown  by  many  facts  from  the  experiences  of  life  and  from  tl 
results  of  laboratory  investigations.  For  example,  it  is  found  th 
large  amounts  of  gelatin  in  the  diet,  although  at  first  accepted  wi 
ingly,  soon  provoke  a  feeling  of  dislike  and  aversion  to  this  partic 
lar  foodstuff  which  cannot  be  overcome.  An  animal  will  star 
rather  than  use  the  gelatin,  although  all  of  our  direct  physiologic 
evidence  would  indicate  that  this  substance  is  an  efficient  foo 
playing  much  the  same  part  as  the  fats  or  carbohydrates.  A  fact 
this  kind  indicates  that  the  sensory  apparatus  of  the  appetite 
influenced  in  some  specific  way  by  the  metabolism  of  this  partic 
lar  material.  So  also  the  feeUng  of  satiety  and  aversion  f 
food  that  follows  overfeeding  indicates  something  more  than 
simple  removal  of  the  sensations  of  hunger;  it  implies  an  acti 
state,  due  possibly  to  the  excitation  of  sensory  fibers  of  a  differe 
character. 

The  Sense  of  Thirst. — Our  sensations  of  thirst  are  project 
more  or  less  accurately  to  the  pharynx,  and  the  facts  that  we  kn< 
would  seem  to  indicate  that  the  sonsor\*  ner\'es  of  this  region  ha 
the  important  function  of  mediating  this  sense.  The  water  co 
tents  of  the  body  are  subject  to  great  changes.  Through  the  lun| 
the  skin,  and  the  kidneys  water  is  lost  continually  in  amoimts  th 
var>^  with  the  conditions  of  life.  This  loss  affects  the  blood  direct] 
but  is  doubtless  made  good,  so  far  as  this  tissue  is  concerned,  by 
*  Carlson  and  Braiiflatlt,  "iVnierican  Journal  of  Physiology,**  36, 153,  1914. 


CDTANB0U8   AND   TNTERNAL   SENSATIONS. 


293 


call  upon  the  great  mass  of  water  contained  in  the  storehouse  of  the 
tivRS.  To  restore  the  b*xly  tissues  to  their  normal  e(|uihl)riuin 
VWlter  we  ingest  large  quantities,  and  t!ic  control  of  this  regula- 
lIoQ  \s  efFectei!  through  the  sense  of  thirst.  We  know  Utile  or 
Dp  about  the  nen'ous  apparatus  involved:  but  it  may  be 
1  that  when  the  water  content  falls  below  a  certain  amount 
) Dcrvc  fibers  in  the  phar>npeal  membrane  (fibers  of  the  glosso- 
pbryng^al  nerve)  are  stimulaletl  and  give  U8  the  sensation  of 
ttnnit.  That  we  have  in  this  membrane  a  special  end-organ  of 
Ihint  is  indicated,  moreover,  by  the  fact  that  local  drying  in  this 
npOD.  from  dr\'  or  salty  food,  or  dr>'  and  dusty  air,  produces  a 
flMUion  of  thirst  that  may  be  appea^ted  by  luoist^Miing  the  mem- 
Inoevith  a  small  amount  of  water  not  in  itself  sufficient  to  relieve 
»trnuine  water  need  of  the  body.  Our  normal  thirst  sensations 
mifht  be  designated,  therefore,  as  pharyngeal  thirst,  to  indicate 
thf  probable  origin  of  the  sensor>'  stimuli.  Prolonged  ileprlvation 
pf  water,  however,  must  affect  the  water  content  of  all  the  tissues, 
tod  under  these  conditions  sensations  are  experienced  whose  quality 
iiDot  that  of  simple  thirst  alone,  but  of  pain  or  suffering.  All  ac- 
«mi»  agree  that  complete  deprivation  of  water  for  long  periods 
imiucwt  intense  discomfort,  anguish,  and  possibly  mental  troubles, 
ind  wf  rnay  suppose  that  under  these  conditions  sensor^'  nerves 
wv.ttimuiat-ed  in  many  tissues,  and  that  the  metabolism  in  the  ner- 
v^tofn  in  addition  is  directly  affected  by  the  loss  of  water.*  It 
■■  lufcn-stting  to  note  that  while  in  diseases  due  to  a  general  infec- 
tion, loss  of  api>etit*».  anorexiji,  is  a  frequent  symptom,  there  is  no 
ttrrpsponiling  lo.ss  of  the  sense  of  thirst.  Even  in  hydritpholiia 
^^'-  fmtient  experiences  the  sensations  of  tliirst.  although  unable 
to  drink  water. 

".Vcrording  to  an  intrTcsting  arrount  of  dpath  from  voluntarj'  starvation, 
'  by  H«n>  doc.  rit.),  there  comes  a  time  at  which  neither  thirst  nor 
any  distres. 


CHAPTER  XVI.  I 

SENSAHONS  OF  TASTE  AND  SHELL 

The  sense  of  taste  is  mediated  by  nerve  fibers  distributed  to 
parts  of  the  buccal  cavity  and  particularly  to  parts  of  the  tongue. 
The  most  sensitive  regions  are  the  tip,  the  borders,  and  the  posterior 
portion  of  the  dorsum  of  the  tongue  in  the  region  of  the  circuia- 
vallate  papillae.  Taste  buds  and  a  sense  of  taste  are  described  also 
for  the  soft  palate,  the  epiglottis,  and  even  for  the  larj^nx.  The 
sense  is  not  present  uniformly  over  the  entire  dorsum  of  the  tongue. 
On  the  contrary,  it  has  an  irregular,  punctiform  distribution  over 
most  of  this  region  with  the  exception  of  the  parts  mentioned  above. 

The  Nerves  of  Taste. — The  anterior  two-thirds  of  the  tongue 
are  supplied  vrith  sensory  fibers  from  the  lingual  nerve,  a  branch 
of  the  inferior  maxillary  division  of  the  fifth  nerve,  and  the  posterior 
third  from  the  glossopharyngeal.     The  taste  fibers  for  these  regionSt 
therefore,  are  supplied  immediately  through  these  nerves.    It  ha* 
been  shown,  moreover,  that  the  taste  fibers  carried  in  the  lingual 
are  brought  to  it  through  the  chorda  tympani  nerve,  which  arisen 
from  the  seventh  cranial  nerve  and  joins  the  lingual  soon  after 
emerging  from  the  tympanic  cavity  of  the  ear.    There  has  been 
much  discussion  as  to  the  origin  of  these  taste  fibers  from  the  bnun. 
At  first  sight  it  would  seem  that  the  fibers  for  the  posterior  third 
of  the  tongue  must  have  their  origin  from  the  brain  in  the  glosso- 
pharyngeal and  those  for  the  anterior  two-thirds  in  the  sensory 
portion  of  the  facial.     Many  surgeons  have  reported,  however,  that 
complete  extirpation  of  the  semilunar  ganglion  of  the  fifth  nerve 
is  followed  by  complete  loss  of  taste  in  the  corresponding  side  of 
the  tongue,  and  others  have  described  a  loss  of  taste  for  the 
anterior  two-thirds  following  a  similar  operation.    Some  authors 
have    asserted,   therefore,   that    all    the    taste   fibers  originate 
or  rather  end  in  the  sensory  nucleus  of  the  fifth,  while  others 
believe  that  the  fibers  running  in  the  chorda  tympani,  at  least, 
take  their  origin  in  the  fifth  nerve.     It  is  supposed  by  these 
authors  that  the  fil)ers  reach  the  semilunar  ganglion  by  a  cir- 
cuitous route,  as  is  indicated  in  the  diagram  given  in  Fig.  120. 
Those  that  run  in  the  lingual  and  chorda  tympani  nerves  are 
assumed  to  pass  to  the  ganglion  by  way  of  the  great  superficial 
petrosal  and   Vidian   nerves  and  the  sphenopalatine  ganglion, 
while  those  that  are  contained  in  the  glossopharyngeal  reach 
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>  tame  ganglion  through  the  tympanic  nerve,  the  small  super- 
filial  petrosal,  and  the  otic  ganglion.  A  report  by  Cuiihing* 
[the  results  of  removal  of  the  Oasacrian  ganglion  in  thirteen 
I  throws  much  doubt  upon  these  views.  Tliis  author  made 
I  examinations  of  the  sense  o.^  taste,  not  only  iinmediately 
the  operation,  but  for  a  long  jx^riod  subsequently.  He 
IfUtes  that  in  no  ease  was  there  any  efTect  u^ion  the  »ense  of  taste 
tb  the  posterior  third  of  the  tongue.  We  may  believe,  therefore, 
I  Ihit  the  taste  fibers  of  this  part  arise  immediately  from  the  ganglion- 
e»lbiin  the  petrosal  ganglion  and  enter  the  brain  witli  the  roots  of 
ihf  m-rve  to  terminate  in  its  sen^sory  nucleus  in  the  metlulSa. 


IXX.—  ScboiDft  to  abow  tho  courw  of  th«  tA»ie  6ben  froiu  tonitue  to  bmin. — 
^.)  The  Uottod  lines  lepraaent  the  eourne  a«  indicatofi  bv  Cuahtng  0  obevrvatloaa. 
I  bWlt  lina«  intlicat*  1m  peth«  by  wtiiob  eome  autbon  D«v»  mpposed  that  tbia* 
ntvr  tbc  bnuu  in  ibe  tricemiiul  nen'e. 


Rcfardtng  the  anterior  two-thirds  of  the  tongue,  the  lingual  region, 
ft  WAS  found  that  in  some  cases  there  was  at  fimit  a  loss  of  acuity  of 
tavte  or  even  an  entire  disappearance  of  the  sense,  but  subsequently 
it  returned.  It  would  seem,  therefore,  that  the  loss  of  taste  de- 
scribed after  removnl  of  the  Gasserian  ganglion  is  an  incidental 
ramh  the  cause  of  which  is  not  entirely  clear.  Gushing  attributes 
U  io  a  postoperative  degeneration  and  swelling  in  the  fillers  of  the 
Engaal  nerve,  which  affect  the  conductivity  of  the  intermingled 
fibers  of  the  chorda  tympani.     Since,  however,  there  is  no  perma- 

•Ciabto^,  "  Bulletin  of  tlic  Johns  Hopkina  Hospital,"  14,  71,  1903.     Gives 
al>o  th*  Mtpctl  literature. 
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nent.  loss  of  taste  in  this  region,  it  follows  that  the  tik«te  fiWw 
tio  not  pass  through  the  Giisserian  ganglion.  We  may  assume, 
therefore,  that  they  orip;iriate  directly  in  the  nerve  cells  of  tl» 
p;eniculate  ^aiiKlion  and  enter  the  lirain  with  the  fibers  of  the 
intermediate  nerve  in.  intermedins  Wrisbergii). 

The  End-organ  of  the  Taste  Fibers. — In  the  circumvallate 
piipill:i\  in  some  of  the  fungiform  papillae,  and  in  certain  portioos 
of  the  fauces,  palate,  epiglottis,  or  even  the  vocal  cords  there  are 
found  the  organs  known  as  taiite  buds  which  are  believed  to  act 
as  perij)heral  organs  of  ta-ste.  These  curious  structures  are  repre- 
sented in  Fig.  121.  They  arc  oval  bodies  with  an  external  layer 
of  tegmental  or  cortical  cells,  and  they  contain  in  the  interior  a 

number  of  elongated  celk 
each  of  which  ends  in  a  \mx- 
like  process  which  projecte 
through  the  central  taste 
pore  of  the  organ.  Tb«e 
latter  cells  may  be  consid- 
ered as  the  true  sense  cells; 
the  hair-like  process  con- 
stitutes probably  the  part 
that  is  stimulated  directly 
by  sapid  substances.  The 
impulse  thus  aroused  is 
communicated  through  the 
body  of  the  cell  to  the 
endings  of  the  taste  fibers 
which  terminate  around 
these  cells  by  terminal 
arborizations  of  the  same 
general  type  as  in  the  case 
of  the  hair  cells  in  the 
cochlea. 

Classification  of  Taste  Sensations. — Our  taste  sensations 
are  wry  numerous,  but  it  has  been  sliown  that  there  are  four 
primar\'  or  fundamental  sensations. — namely,  sweet,  bitter,  acid, 
and  salty,  and  that  all  other  tastes  are  combinations  of  these 
primary  sensations,  or  combinations  of  one  or  more  of  them  \i-ith 
sensations  of  odor  or  with  sensations  derived  from  stimulation  of 
the  so-called  ner\'es  of  common  sensibility  in  the  tongue.  Thus, 
the  taste  of  pepper  may  be  rcvsolved  into  a  slight  odor  sensation 
and  a  sensation  due  to  stimulation  of  the  fibers  of  general  sensi- 
bility,— that  is,  it  gives  no  taste  sensation  proper.  The  taste  of 
alum  may  be  considered  as  a  combination  of  a  salty  taste  with 
common  sensibility.     Combinations  of  sweet  and  acid  tastes,  sweet 


Kig.  121. — Section  tbroush  one  of  tbe  taole 
budfl  of  the  papilla  fbliata.  of  tbe  rabbit  (rrotn 
Quain,  aft«r  rfanrirr),  bifchly  ma^iftcl:    p^  Gu: 


tatory  [Mire:  «,  RU^^lulory  cell:  r,  auslentacuUr 
cell;  m,  Icucocyle  ciinLaminK  RmnulvA;  c,  super- 
ficul  epitbelioJ  cella;   n,  nerve  fibem. 
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Ifaitlar  tasteflp  etc^  form  a  part  of  our  daily  experience,  and 
I  the  fused  or  compound  sensation  that  results  from  such  corn- 
one  may  usually  recognize  M'ithout  difficultj'  the  con- 
uent  parts.  The  seemingly  great  variety  of  our  taste  sensations 
111  l«^ly  due  to  the  fact  that  we  confuse  them  or  combine  them 
Jtilh  flimultaneous  odor  sensations.  Thus,  the  flavors  in  fniits  and 
Ifte  bouquet  of  wines  are  due  to  odor  sensations  which  wc  designate 
[•dinarily  as  tastes,  since  they  are  experienced  at  the  time  these 
bjecU  are  ingested.  If  care  is  taken  to  shut  ofif  the  nasal  cavities 
'doing  the  act  of  ingestion  even  imperfectly,  as  by  holding  the 
mm,  the  so-called  taste  disappears  in  large  measure.  Ver\'  dis- 
Ifnatble  tastes  are  usually,  as  a  matter  of  fact,  due  to  unpleasant 
0dbr  sensations.  On  the  other  hand,  some  volatile  substances 
vfaicb  enter  the  mouth  through  the  nostrils  and  stimulate  the 
tele  organs  are  interpretetl  by  us  as  odors.  The  odor  of  chloro- 
fivm,  for  instance,  b  largely  due  to  stimulation  of  the  sweet  taste 
m  Ihc  tongue. 

Distribution  and  Specific  Energy  of  the  Fundamental 
Ttste  Sensations. — Regarding  the  distribution  of  the  funda- 
oentat  taste  sensations  over  the  tongue  and  palate  there  seem 
Co  be  many  indivi(hial  differences.  In  general,  however,  it  may 
be  said  that  the  bitter  taste  is  more  developed  at  the  back  of 
\km  ioogue  and  the  adjacent  or  posterior  regions;  at  the  tip  of 
Ihs  tOD^e  the  bitter  sense  is  less  marked  or  in  causes  may  he  absent 
er.  On  the  contrar>^,  in  this  latter  rt^ion  the  sweet  taste 
.  developed.  On  this  account  it  niay  hapi^n  tiiat  substances 
which  wlicn  first  taken  into  the  mouth  give  a  not  unpleasant  sweet 
tosle  sul)eequently  when  swallowed  cause  disagreeably  bitter  sen- 
■tlnnHjlike  the  little  book  of  the  evangelist,  which  in  the  mouth 
wms  •'sweet  as  honey,  and  as  soon  as  I  had  eaten  it.  my  belly  was 
bitter.**  Oehrwall*  has  made  an  interesting  series  of  experiments 
la  which  he  stimulated  separately  a  number  of  fungiform  papiDae 
on  the  surface  of  the  tongue.  Plach  (mpilla  was  stimulated  sepa- 
latclj  for  its  fundamental  taste  soases  of  sweet,  bitter,  and  acid, 
musing  drops  of  solutions  of  sugar,  quinin,  and  tartaric  acid.  Of 
125  papilla;  thus  examined,  27  gave  no  reaction  at  all,  although 
aeoflttve  to  pressure  and  temperature.  In  the  98  papilla?  that 
meted  to  the  sapid  ptimulation  it  was  found  that  6()  gave  taste 
ittftons  of  all  three  qualities,  4  gave  only  sweet  and  bitter,  7  only 
and  acid,  12  only  sweet  and  acid,  12  only  acid,  and  3  only 
None  was  found  to  give  only  a  bitter  sensation.  These 
(ftda  bear  directly  upon  the  question  of  the  specific  energy  of  the 
tMl6  fibers.  It  is  possible  that  the  four  fundamental  taste  qualities 
be  iDediated  by  four  different  end-organs  and  four  separate 
•OehnnOl,  "SkAndinavi«ch«s  Archiv  f.  Physiologie/'  2.  1.  1800. 
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sets  of  nerve  fibers,  each  giving,  when  stimulated,  only  its  on 
quality  of  sensation.    On  the  other  hand,  it  is  possible  that  one  and 
tlie  same  nerve  fiber  might  give  different  qualities  of  sensatiGa 
according  to  the  nature  and  mode  of  action  of  the  sapid  substancei. 
The  fact,  as  shown  by  Oehrwall's  experiments,  that  there  are  sensoiy 
spots  upon  the  tongue  which  will  not  react  to  some  kinds  of  sapid 
substance,  but  do  react  to  others,  and  perhaps  only  to  one  particidai 
kind,  speaks  strongly  in  favor  of  the  view  that  there  are  diffeient 
end-oigans  and  nerve  fibers  for  each  fundamental  taste.    This  view 
is  still  further  supported  by  the  fact  that  certain  chemically  pine  sub- 
stance '  give  different  tastes  according  to  the  part  of  the  tongue 
upon  which  they  are  placed.    Thus,  sodium  sulphate  (Guyot)  may 
taste  salty  upon  the  tip  of  the  tongue  and  bitter  when  placed  upon 
the  posterior  part.    A  better  instance  still  is  given  by  solutions  of 
a  bromin  substitution  product  of  saccharin,  the  chemical  name 

for   which   is    parabrom-benzoic    sulphinid:   CjH,Br -j  rr '^Nfl, 

ISO,/ 

When  this  substance  is  placed  upon  the  tip  of  the  tongue  it  gives  a 
sweet  sensation,  while  upon  the  posterior  region  it  gives  only  a  bitter 
taste  together  with  a  sensation  of  astringency  (Howell  and  Kastle). 
Extracts  of  the  leaves  of  a  tropical  plant,  Gymnema  silvestre,  applied 
to  the  tongue,  destroy  the  sense  of  taste  for  sweet  and  bitter  sub- 
stances (Shore),  and  this  fact  may  be  explained  most  satisfactorily 
by  assuming  that  this  substance  exercises  a  selective  action  upon 
taste  terminals  in  the  tongue,  paralyzing  those  for  the  bitter 
and  the  sweet  substances.  Finally,  the  fact  that  electrical,  me- 
chanical, or  chemical  stimulation  of  the  chorda  tympani,  where  it 
passes  through  the  tympanic  cavity,  may  arouse  taste  sensations  is 
proof  that  the  taste  sensation  in  general  is  not  due  to  a  peculiar  kind 
of  impulse  that  can  be  aroused  only  by  the  action  of  sapid  bodies 
upon  the  terminals  in  the  tongue,  but,  on  the  contrary,  that  it  is  a 
specific  energy  of  these  fibers,  and  depends  for  its  quality,  there- 
fore, upon  the  specific  reaction  of  the  terminations  in  the  brain. 

Method  of  Sapid  Stimulation. — In  order  that  sapid  substances 
may  react  upon  the  taste  terminals  it  is  necessar}',  in  the  first  place, 
that  they  shall  be  in  solution.  It  is  impossible  to  taste  with  a  dry 
tongue.  We  may  assume,  therefore,  that  the  stimulation  consists 
essentially  in  a  chemical  reaction  between  the  sapid  substance  and 
the  terminal  of  the  taste  fiber, — for  instance,  the  hair  process  of 
the  sense  cells  in  the  taste  buds, — ^and  the  question  naturally  arises 
whether  the  distinctive  reactions  corresponding  to  the  separate 
taste  qualities  can  be  referred  to  a  definite  chemical  structure  in  the 
sapid  bodies.  Are  there  certain  chemical  groups  which  possess  the 
property  of  reacting  specifically  with  the  end-oigans?  Experience 
shows  that  substances  of  very  different  chemical  constitution  may 


ITIONS  OF  TA»TK   AND   HMELL. 


299 


same  taste.    Thus,  sugar,  sacoharin,  and  sugar  of  lead 

Plate)  all  give  a  sweet   taste,  while,  on  the  other  hand, 

iluble  starch),  which  sitands  so  close  in  siniciure  to  the 

no  effect  upon  the  taste  tenninals.     It  is  interesting 

'  that  the  taste  nen-es  niay  be  stimulated  by  sapid  sub- 

alved  in  tlie  blood  as  well  as  when  applied  to  the  ex- 

I  the  t4>ngue.     A  sweet  taste  niay  be  exjKTU'nrcd  in  di;ihetes 

» sugar  in  the  blood,  or  a  bitter  taste  in  jaundice  from  the 


Threshold  Stimulus. — ^The  detemiination  of  the  threshold 

tud  for  ilifFerent  sapid  hubstances  is  made  by  asctTtaining  the 

Bconrentrntion  of  the  sokition  which  is  capable  of  arousing 

ntn^tion.     The  delicacy  of  the  sense  of  taste  is  influenced, 

Mt  by  certain  accessor>*  comUlions  whicli  must  be  taken  into 

WL    II1U8,  the  temperature  of  the  solution  is  an  imix)rtant 

IJifm.     Ver>'  cold  or  ver>'  hot  solutions  do  not  react, — that  is, 

mes  of  temperature  seem  to  diminish  or  destroy  the  seiisl- 

of  the  end-organ.     A  tempemture  I>etween  10*^  and  '*ii\°  C. 

optimum  reaction.     So  also  the  deJicaey  of  the  sense  of 

increased  by  rubbing  the  sapid  solution  a^aiast  the  tongue. 

tliis  mechanical  action  facilitates  the  penetration  of  the 

kJv  into  the  mucous  membnmo,  but  it  seems  also  to  in- 

irritability  of  the  end-organ.     It  is  our  habit  in  tasting 

ll  the  tongue  to  rub  this  organ  against  the  haril  (lalate. 

to  the  threshold  stimulus  such  results  as  the  following 

rted: 

liiiin  chloriU).  0.25    gm.   in    100  c.c.  ii,U— detectible    on    tip    of 

tongue. 

r> 0.50  "  "       "       •'       detwtible    on    tip    of 

lonKuc. 
.  0.007         "  "       "       •"       detectible  on  border  of 


*a) 0.00005     " 


ton^e. 
detertible  on  root  of 
tongue. 


great  sensitiveness  of  the  tongue  to  bitter  substances  is 
'n»in  this  table. 

Olfactory  Organ. — The  end-organ  for  the  olfactory  sense 
le  upper  part  of  the  nose,  and  ronsists  of  elongated,  epithe- 
celis,  each  of  which  bears  on  its  free  end  a  tuft  of  six  to 
r-like  processes,  while  at  its  basal  end  it  is  continued  into 
bcr  that  passe«  through  the  cribriform  plate  of  the  ethmoid 
d  ends  in  the  olfacton-  bulb.  These  olfactorj'  sense  cells 
ig  supporting  epithelial  cells  of  a  columnar  shape  (Hg. 
t  the  free  edge  of  the  cells  there  is  a  limiting  membrane 
a'hich  the  olfactory  hairs  project.    The  olfactory  sense 
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cells  are  essontially  nerve  cells,  and  in  this  respect  resemble  the 
sense  cells  in  the  retina,  the  rods  and  cones,  rather  than  those  of  the 
ear  or  of  the  orfjans  of  taste.  The  distribution  of  the  olfactory 
cells,  according;  to  v.  Brunn,  is  confined  to  the  nasal  septum  andt 
portion  of  the  upper  turbinate  bone.  The  area  covered  in  cachnof 
tril  corresponds  to  about  250  square  milUmeters.  The  epitheliim 
of  the  lower  and  middle  turbinates  and  the  floor  of  the  nostrils  ii 
composed  of  the  usual  ciliated  cells  fouml  in  the  respirator}"  passage, 
while  the  so-called  vestibular  region  of  the  nose,  the  part  roofed  in 

by  the  cartilage,  is  covered 
f^       hM  ^^'   ^   stratified     pavement 

epithelium  corresponding  in 
structure  with  that  of  the 
skin.  These  latter  portiow 
of  the  nose  are  supplied 
with  sensor>-  fibers  derivwi 
from  the  fifth  or  trigGminal 
ner^'^e.  We  must  considtf 
the  500  sq.  mm.  of  olfao- 
tor\'  epithelium  as  tlie 
olfuctory  sense  organ  rom- 
j>arablc  physiologically  and 
perhaps  anatomically  to  the 
njd  and  cone  layer  of  the 
retina.  The  connections  of 
these  ceils  with  the  central 
nen'ous  system  have  al- 
ready been  described  (p. 
217).  It  will  be  remem- 
bered that  the  fine,  non- 
meduUated  fibers  springing 
from  the  ba^^al  end  of  the 
sense  cells  enter  the  olfao-fl 
tor>'  bulb  and  end  in  ter- 
minal arborizations  in  the  olfactor}'  glomenili,  where  they  make  con- 
nections by  contact  with  the  dendrites  of  the  mitral  cells  of  the 
bulb.  Through  the  axons  of  these  mitral  cells  the  impulses  are  con- 
ducted along  the  olfactory  tract  to  their  various  terminations  in  the 
olfactor\'  lobe  itself,  either  of  the  same  or  of  the  opposite  side,  and 
eventually  also  in  the  cortical  region,  the  uncinate  gyrus  of  the 
hipfxjcampal  lobe.  As  regards  the  olfactor>'  sense  cells,  the  ner\'e 
cells  in  the  olfactory  Vjulb  might  be  compared  with  the  nerve  gan- 
glion layer  of  the  retina,  and  the  nerve  fibers  of  the  olfactory-  tract 
with  the  fibers  of  the  optic  nerve. 

The    Mechanism   of    Smelling. — Odoriferous   substances   to 


Fig.  122. — CflU  of  Ihe  olfuclory  reirion  (aft«r 
V.  Brunn):  a,  a,  Olfuctory  ccllii;  b,  b,  epitlioluiJ 
oelU;  n,  n,  central  |>mceRA  pnilonfced  us  an  olfac- 
tory ner\-e  Bbhl;  (j  I,  nucleus;  e,  knob-liko  cl«>ar 
terniination  i^f  penpheraJ  process;  A,  A.  bunch  uf 
olfactory  hairs. 
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Kt  the  olfacton-  cells  must,  of  course,  penetrate  into  the  upper 
tof  the  nasal  chamber.  This  end  is  attaineti  during  inspiration, 
Kr  by  simple  diffusion  or  by  currents  produced  by  the  act  of 
Sng*  It  may  also  happen  by  way  of  the  |x>sterior  nares.  In 
|;(he  flavors  of  many  foods,  fniits,  wine, etc.,  are  olfactory  rather 
B  gustatory  sensations.  When  such  food  is  swallowed  the  poste- 
r nares  are  ^ut  off  from  the  phar>'nx  by  the  soft  palate^  but  in 
itscptration  succeeding  the  swallow  the  oilor  of  the  foo<l  is  con- 
lied  to  the  olfactor>'  end-organ.  Flavors  are  perceivetl,  therefore, 
;  the  act  of  swallowing,  but  subsetiuently ,  and  if  the  nostrils 
1,  as  in  coryza,  foods  lose  much  of  their  flavor.  Simply 
the  nooe  will  destroy  much  of  the  so-called  taste  of  fruits 
iquet  of  wines.* 

of  the  Olfactory  Stimulus. — The  fact  that  smells  are 
laoiitled  thmugh  spare  like  Itgfit  and  sotukI  has  suggci^ted  the 
libQit>'  t-hat  they  may  depend  upon  a  vibratory  movement  of 

•  medium.      This    view,   although   occasionally   defendcii   in 
lem  times,  is  apparently  entirely  incompatible  with  the  facts. 

I  usual  view  is  that  odoriferous  bodies  emit  particles  which,  as 
iJe  at  least,  arc  in  gaseous  form.  These  particles  are  con- 
ed to  the  olfactory  epithelium  by  currents  in  the  air  or  by 
ids  gaseous  diffusion,  and  after  solution  in  the  moisture  of 
amlMnane  act  chemically  upon  the  sensitive  hairs  of  the  sense 
U  Ail  ^•apors  or  gases  are,  however,  not  capable  of  acting  as 
laK  to  these  cells;  so  that  e\'idently  the  odoriferous  character 
Bods  upon  some  peculiarity  of  structure.  It  is  assumed  tliat 
e  are  certain  groups,  **odoriphore  groups,"  which  are  cliaracter- 
of  all  odoriferous  substances  antl  by  virtue  of  which  these 
itances  react  with  the  special  fonn  of  protoplasm  found  in 
hair  cells.  Hayeraftt  has  formulated  certain  fundamental 
sepiions  bearing  upon  the  relation  between  chemical  stnicture 
odoriferous  stimulation.  Pie  has  shown  that  the  power  to 
pU,  like  other  physical  properties,  is  a  periotlic  function  of 
ic  weight — that  in  the  periodic  system,  according  to  Men- 
ibo  elements  in  certain  groups  are  characterizetl  by  their 
properties;  for  instance,  the  second,  fourth,  and  sixth 
sulphur,  selenium,  and  tellurium — of  the  sL\th  group. 
r,  in  organic  compounds  belonging  to  an  homologous  series 
fiDtll  gradually  changes  and,  indeed,  increases  in  the  higher 
obcrs  of  the  series, — that  is,  in  those  ha\Tng  a  more  complex 
Benlar structure.  • 
rhe  Qualities  of  the  Olfactory  Sensations. — WTiile  we  dis- 

*  For  many  intcrratini;  incls  concemintr  smelVrnK  and  the  literature  to 
'— ^  Zmardemaker,  "  Die  Phytriologie  dea  Geruclis,"  Leipxig,  1895. 

KTcnJt,  "Brain/'  1888,  p.  166. 
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tinguish  a  great  many  different  kinds  of  odors,  it  has  be^  fouail 
difRcult,  indeed  impossible,  to  classify  them  very  satisfactoiitf) 
into  groups.  That  is,  it  is  not  possible  to  pick  out  what  mi^t  bt 
called  the  fundamental  odor  sensations.  Thia  sense  was  doubtioB 
used  by  primitive  man  chiefly  in  detecting  and  testing  food,  in  protect* 
ing  himself  from  noxious  surroimdings.  and  perhaps  also  in  eontnA- 
ing  his  social  relations.  The  olfactory  sensations,  in  accordance  irith 
this  use,  and  with  the  fact,  revealed  by  comparative  anatomj, 
that  this  sense  is  the  oldest  phylogenetically,  ^ve  either  pleasant 
or  unpleasant  sensations  in  a  more  marked  and  universal  way  thaa  _ 
in  the  case  of  vision  or  hearing,  approaching,  in  this  respect,  rather 
the  purely  sensual  characteristics  of  the  lower  senses,  the  bodily 
appetites.  Mankind  has  been  content  to  classify  odors  as  agree- 
able and  disagreeable,  and  to  designate  the  many  different  quali- 
ties of  odors  by  the  names  of  the  substances  which  in  his  individual 
experience  usually  give  rise  to  them.  A  number  of  observers  have 
proposed  classifications  more  or  less  complete  in  character.  One 
of  the  latest,  and  perhaps  the  best,  is  that  suggested  by  Zwaaide- 
maker  on  the  basis  of  the  nomenclatures  introduced  by  previous 
observers.  Adopting  first  the  general  grouping  into  pure  odora, 
odors  mixed  with  sensations  of  common  sensibihty  from  the  mucous 
membrane  of  the  nose,  and  odors  mixed  or  confused  with  tastes,  he 
separates  the  pure  odors  or  odors  proper  into  nine  classes,  as  follows: 

I.  Odores  setherei  or  ethereal  odors,  such  as  are  given  by  the  fruits,  whieh 
depend  upon  the  presence  of  ethereal  substances  or  esters. 
n.  Odores  aromatici  or  aromatic  odors,  which  are  typified  Sy  camphor 
and  citron,  bitter  almond  and  the  resinous  bodies.     This  cla«  ifl 
divided  into  five  subgroups. 
m.  Odores  fra^rantes,  the  fragrant  or  balsamic  odors,  comprising  the  vair 
ous  flower  odors  or  perfumes.     The  clajss  falls  into  three  subgroups. 
IV.  Odores  ambrosiaci,  the  ambrosial  odors,  typified  by  amber  and  musk. 
This  odor  is  present  in  the  flesh,  blood,  or  excrement  of  some  ani- 
mals, being  referable  in  the  last  instance  to  the  bile. 
V.  Odores  alliacei  or  garlic  odors,  such  as  are  found  in  the  oniony  gazfic, 
sulphur,  selenium  and  t«l)urium  compounds.    They  fall  into  three 
subgroups. 
VI.  Odores  empyrcumatici  or  the  burning  odors,  the  odors  given  by  roasted 
coffee,  baked  bread,  tobacco  smoke,  etc.   The  odors  of  benzol,  phenol, 
and  the  products  of  dr>'  distillation  of  wood  come  into  this  class. 
VII.  Odores  hiremi  or  goat  odors.     The  odor  of  this  animal  arises  from  the 
caproic  and  caprylic   acid  contained  in  the  sweat;  cheese,  sweat, 
spijrmatic  and  vaginal  secretions  give  odors  of  a  similar  quality. 
VIII.  Odores  tetri  or  repulsive  odors,  such  as  are  ^ven  by  many  of  the  nar- 
cotic plants  and  acanthus. 
IX.  Odores  nauseosi  or  nauseating  or  fetid  odors,  such  as  are  given  by  feces 
and  certain  plants  and  the  products  of  putrefaction. 

While  the  classification  serves  to  emphasize  a  number  of  marked 
resemblances  or  relations  that  exist  among  the  odors,  it  does  not 
rest  wholly  upon  a  subjective  kinship, — that  is,  the  different  odors 
brought  together  in  one  class  do  not  in  all  cases  arouse  in  us  sensa- 
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thftt  seem  to  Ix;  of  related  quality.    It  is  not  impossible,  how- 

that  further  analysis  may  succeed  in  showing  that  there  are 

'      '        'iial   qualities  in  our  numerous  odor  sc^nsations. 

.'Iii4;  ihe  odors  is  similar  to  that  whicli  fonnerly 

;ri  the  case  of  the  taste  i^nsations.     It  was  thought  to  be 

.^.,.i  to  classify  these  latter  satisfactorily  on  the  i>asis  of  a  few 

ta]  sensations,  but  it  is  now  universally  accepted  that  ail 

-  iator>'  sensations  show  one  or  more  of  four  ])rimary 

As  was  taiid  alx)ve,  our  odor  sensations  an'  dassi- 

tpA  in  oftiiuar>*   life  as  agreeable   or  disagreeable,  and,  indeed, 

HiUrr,  the  great  physiologist  of  the  eighteenth  centur>',  divided 

odun  along  this  line  into  three  classes:    (1)  the  agreeable  or  am- 

bnittl,  (2)  the  disagreeal)ie  or  felid,  and  (3)  the  mixed  odors.     In 

■ur  esses,  no  doubt,  the  agreeablencss  or  disagn^ealileness  of  an 

«d^  depends  solely  upon  the  associations  connected  with  it.     If 

Ik  tflKMuative  memories  aroused  are  unpleasant  the  odor  is  dis- 

ipufsble.    Thus,  the  o<ior  of  musk,  so  pleasant  to  most  j)ersons, 

jnduceB  mo«t  disagreeable  sensations  in  others,  on  account  of  past 

Modations.     it  is  possible,  however,  that  there  is  some  funda- 

diffcrencc  in  physiological  reaction  between  such  odors  as 

of  putrefaction  and  of  a  violet  which  may  be  considered  as  the 

of  the  diffoH'ncf^  in  [isychical  effect.     It  haslx*en  suggested,  for 

iniUDce.  that  they  may  affect  the  circulation  in  the  brain  in  opposite 

wiyn,  one   producing  an  increascfl,  the   other  a  decreased  flow, 

TTiig  improbable  supposition  has  l>een  shown  to  be  devoid  of  foun- 

dsiioo  by  theol>ser\'ations(if  Sliields.*    In  hisexporimeuts  the  vascu- 

kr  supply  to  the  skin  of  the  arm  was  determined  by  plethysmo- 

(pmphlc  methods,  and  it  was  found  that  both  pleasant  (heliotrope 

perfume)  and  unpleasant  (putrefactive)  odors  give  a  similar  vascu- 

kr  reftetion.     Each  class,  if  it  acts  at  all,  causes;,  as  a  nde,  a  con- 

joo  of  the  skin  vessels,  such  as  is  obtained  norma]l>'  fmm  in- 

tnental  activity, — a  reaction  usually  interpreted  to  mean  a 

§nmier  flow  of  blood  to  the  brain. 

Fatigue  of  the  Olfactory  Apparatus. — It  is  a  matter  of 
eomiimn  obser\atinn  that  many  odors,  such  as  the  perfumes  of 
tkimtn,  quickly  cease  to  give  a  noticeable  sensation  when  the  stimu- 
Utitm  is  continuefl.  Tliis  result  is  usually  attributed  to  fatigue 
of  the  sense  cells  in  the  end-organ  and  it  Ls  noticeable  chiefly  with 
faunt  odors.  One  who  s-its  in  an  ill-ventilate<i  room  occupied  by 
nany  peraoas  may  l>e  quite  tmconseious  of  the  unpleasant  odor 
from  the  xitiated  air»  while  to  a  newcomer  it  is  most  distinct. 
Tlireshold  Stimulus — Delicacy  of  the  Olfactory  Sense. — 
The  extraordinar>'  delicacy  of  the  sense  of  smell  in  some  of  the  lower 
B  seeoiingly  l>eyond  the  jwwer  of  objective  measurement  or 
*8bield«,  "  Jounud  of  ExperimonuJ  Medicine,"  1.  1896. 
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expression.  The  ability  of  a  dog,  for  instance,  to  follow  the  tmflof 
a  given  person  depends  undoubtedly  upon  the  recognition  of  tb 
individual  odor,  and  the  actual  amount  of  olfactory  mateml  left 
upon  the  ground  which  serves  as  the  stimulus  must  be  infinites 
mally  small.  Even  in  ourselves  the  actual  amoimt  of  olfactxHjr 
material  which  suffices  to  give  a  distinct  sensation  is  often  beyoDd 
our  means  of  determination  except  by  the  aid  of  calculation.  It 
is  recognized  in  chemical  work,  for  instance,  that  traces  of  knoia 
substances  too  small  to  give  the  ordinary  chemical  reactions  may  be 
detected  easily  by  the  sense  of  smell.    By  taking  known  anxmnti 


Fig.  123.— Zwaardemaker'a  olfactometer. 


of  odoriferous  substances  and  diluting  them  to  known  extents  it  ia 
possible  to  express  in  weights  the  minimal  amount  of  each  substance 
that  can  cause  a  sensation.  By  this  method  such  figures  as  the 
following  are  obtained :  Camphor  is  perceived  in  a  dilution  of  1  part 
to  400,000;  musk,  1  part  to  8,000,000;  vanillin,  1  part  to  10,000,000; 
while,  according  to  the  experiments  of  Fischer  and  Penzoldt, 
mercaptan  may  be  detected  in  a  dilution  of  yjTnjVinnr  ®^  ^  milli- 
gram in  1  liter  of  air  or  TBTTTrlnrTnnr  ^^  ^  milligram  in  50  c.c.  of  air. 
Various  methods  have  been  proposed  to  determine  the  relative 
delicacy  of  the  olfactor>^  sense  in  different  persons, and  these  methods 
have  some  application  in  the  clinical  diagnosis  of  certain  cases. 
Zwaardemakcr  has  dexdsed  a  simple  apparatus,  the  olfactometer, 
the  principle  of  which  is  illustrated  in  Fig.  123.  It  consists  of  an 
outside  c>'linder — the  olfactory  cylinder,  whose  inner  surface  is  of 
porous  material  which  can  be  filled  with  a  known  strength  of  olfao* 
torj'  solution — and  an  inside  tube,  smelling  tube.  This  latter  is 
applied  to  the  nose  and  where  it  runs  inside  the  cylinder  it  is  gradu- 
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I  in  centimeters.     It  is  evident  that  the  further  out  the  inner 
IS  pulled  the  greater  will  be  the  amount  of  olfactorA'  substance 

[  will  \ie  exposed  to  the  incoming  air  of  an  inspiration. 

Conflict  of  Olfactory  Sensations. — When  diffc^rcnt  odors  arc 

[  Mtnultaneously  through  the  two  nostrils  they  may  give  rise 

>  phenomenon  of  a  conflict  of  the  olfactor>'  fields  similar  to  that 

for  the  visiial  fields.    That  is,  we  j)erccive  first  one  then 

I  other  without  obtaining  a  fused  or  compound  sensation.    The 

[mult  depends  largely  on  the  odors  selected.     In  some  cases  one 

'  niay  prcsionunate  in  consciousness  to  the  entire  suppression 

I  other, — a  phenomenon  which  also  has  an  analogy  in  binocular 

It  is  well  known,  also,  that  certain  odors  antagonize  or 

!  others.     It  is  said,  for  instance,  that  the  odor  of  iodoform, 

ly  so  persistent  and  so  disagreeable,  may  be  neutralized  by  the 

on  of  Peru  balsam,  and  that  the  odor  of  carbolic  aciil  may 

!>•  that  of  putrefactive  processes.     Whether  the  neutralization 

ta  chemical  nature  or  is  physiological  does  not  seem  to  have 

I  definitely  ascertained. 

Olfactory  Associations. — Personal  experience  shows  cleariy 
olfacton'  sensations  arouse  numerous  associations — our 
Dry  memories  are  good.  On  the  anatomical  side  the  cortical 
'fttitfr  m  the  hippocanipal  lol>e  is  known  to  be  widely  connectet! 
»ith  other  parts  of  the  cerebrum,  and  we  have  in  this  fact  a  basis  for 
tbe  extensive  associations  connected  with  odors.     In  animals  like 

tdcig,  with  highly  developed  olfactor>*  organs,  it  is  evident  that 
ivnse  must  play  a  com'spondingly  large  part,  in  the  psychical 
Pl  In  such  animals  as  well  as  among  the  invertebrates  it  is  in- 
■tdy  connected  with  the  sexual  reflexes,  and  some  remnant  of 
idationahip  is  obvious  among  human  beings.  Among  the  so- 
flpecial  senses  that  of  smell  is  perhaps  the  one  most  closely 
with  the  bodily  appetites,  and  overgratification  or  over- 
ace  of  this  sense,  according  to  historical  evidence,  has  at  least 
ten  anodated  with  periods  of  marked  decadence  of  virtue  among 
iriBaed  nations. 


PHYSIOLOGY  OF  THE  EYE 

The  eye  is  the  peripheral  organ  of  vision.    By  means  of  h 
peculiar  physical  structure  rays  of  light  from  external  objects  an 
focused  upon  the  retina  and  there  set  up  nerve  impulses  that  an 
transmitted  by  the  fibers  of  the  optic  nerve  and  optic  tract  to  ti» 
visual  center  in  the  cortex  of  the  brain.     In  this  last  organ  ia 
aroused  that  reaction  in  consciousness  which  we  designate  as  ft 
visual  sensation.    In  studying  the  physiology  of  vision  we  may 
consider  the  eye,  first,  as  an  optical  instrument  physically  adapt^ 
to  form  an  image  on  the  retina  and  provided  with  certain  phm— 
ological  mechanisms  for  its  regulation;  secondly,  we  may  8tud3r 
the  properties  of  the  retina  in  relation  to  its  reactions  to  li^t^ 
and  lastly,  the  visual  sensations  themselves,  or  the  physiologj^ 
of  the  visual  center  in  the  brain. 


CHAPTER  XVII. 


THE  EYE  AS  AN  OPTICAL  INSTRUHENT— DIOPTRICS 
OF  THE  EYE* 

Formation  of  an  Image  by  a  Biconvex  Lens. — ^That  the  re- 
fractive surfaces  of  the  eye  form  an  image  of  external  objects  upon 
the  retinal  surface  is  a  necessary  conclusion  from  its  physical  struc- 
ture. The  fact  may  be  demonstrated  directly,  however,  by  ob- 
servation upon  the  excised  eye  of  an  albino  rabbit.  The  thin  coats 
of  such  an  eye  are  semitransparent,  and  if  the  eye  is  placed  in  a  tube 
of  blackened  paper  and  held  in  front  of  one's  own  eyes  it  can  be  seen 
readily  that  a  small,  inverted  image  of  external  objects  is  formed 
upon  the  retinal  surface,  just  as  an  inverted  image  of  the  exterior  is 
formed  upon  the  ground  glass  plate  of  a  photographic  camera.  This 
image  is  formed  in  the  eye  by  virtue  of  the  refractive  surfaces  of  the 
cornea  and  the  lens.  The  curved  surfaces  of  these  transparent  bodies 
act  substantially  like  a  convex  glass  lens,  and  the  physics  of  the 
formation  of  an  image  by  such  a  lens  may  be  used  to  explain  the 
refractive  processes  in  the  eye.  To  understand  the  formation 
of  an  image  by  a  biconvex  lens  the  following  physical  facts  must  be 
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» in  mind.     Parallel  rays  of  light  falling  upon  one  surface  of  the 

\  an*  brou^t  to  a  point  or  focus  (F)  behind  the  other  surface 

IM).    This  focus  for  parallel  rays  is  the  principal  focus  and 

tdiiUiiee  of  this  point  from  the  lens  is  the  principal  focal  diB- 

This  distance  depends  upon  the  curvature  of  the  Icn.s  and 

irefrwlivc  power,  as  measured  by  the  refractive  index  of  the 

of  which  it  is  composed.     Parallel  rays  are  given  theo- 

»ny  by  a  source  of  li^ht  at  an  infuiite  distance  in  front  of  the 

knit  practically  objects  not  nearer  than  about  twenty  feet 

!  f»y»  90  little  divergent  that  they  may  be  considered  as  par- 


VfC  U4.— Oiajcnuna  lo  illu^trmte  ()m  refmction  of  LiRht  hy  a  convpx  1ms :  a..  Refnu»* 
•iBi«lp»nlM  r«y<  .  b  .  r«^n»rtion  of  dlvrrmit  m^n  ;  £.,  refrai'tiuii  of  divercrnt  ra)*»  from 
•  li^wbii*  poittl  tiouer  tttau  the  prioeipAl  food  iiutiuic«. 

aOd,  so  far  as  the  optical  apparatus  of  the  rye  is  concerned.  On 
ibt  crthrr  hand,  if  a  luminous  object  is  placed  at  F  the  rays  from 
It  that  strike  upon  the  lens  will  emerge  from  the  other  surface 
a*  pimUlel  rays  of  light.  If  a  luminous  point  (/,  Fig.  124)  is 
placrd  in  front  of  such  a  lens  at  a  distance  grwitor  than  the  prin- 
cipal focal  distance,  but  not  so  far  as  to  give  practically  parallel 
rm>'9,  th«t  conr  of  diverging  rays  from  it  that  impinges  npitn  the 
wuxtace  of  the  len?^  will  be  brought  to  a  focus  (/')  further  away 
tbao  the  prinripal  focus.  Conversely,  the  rays  from  a  lumin- 
ous point  at  /'  will  be  brought  to  a  focus  at  /.  These  points, 
/and/',  are»  therefore,  spoken  of  as  conjugate  foci.    All  luminoas 
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points  within  the  Umits  specified  will  have  their  corresponding  | 
conjugate  foci,  at  which  their  images  will  be  formed  by  the  huL 
Lastly,  if  a  luminous  point  is  placed  at  v,  Fig.  124,  nearer  to  tbe 
lens  than  the  principal  focal  distance,  the  cone  of  strongly  di- 
vergent rays  that  falls  upon  the  lens,  although  refracted,  is  si 
divergent  after  leaving  the  lens  on  the  other  side  and  consequentlj 
is  not  focused  and  forms  no  real  image  of  the  point.  For  every  loi 
there  is  a  point  known  as  the  optical  center,  and  for  biconvex  lensn 
this  point  lies  within  the  lens,  o.  The  line  joining  this  center  and 
the  principal  focus  is  the  principal  axis  of  the  lens  (o-F,  Fig.  124). 
All  other  straight  lines  passing  through  the  optical  center  are  knovn 
as  secondary  axes.  Rays  of  light  that  are  coincident  with  any  of  tiuae 
secondary  axes  suffer  no  angular  deviation  in  passing  through  the 
lens;  they  emerge  parallel  to  their  line  of  entrance  and  practical^ 
unchanged  in  direction.    Moreover,  any  luminous  point  not  on  tlie 


Fig.  125.^ — Diagrams  to  illustrate  the  formation  of  an  ima^  by  a  biconvex  lens:   a.  For 
mation  of  the  image  of  a  point ;   b,  f ormatioD  of  the  images  of  a-  seriM  frf  points. 


principal  axis  will  have  its  image  (conjugate  focus)  formed  some- 
where upon  the  secondary  axis  drawn  from  this  point  through  the 
optical  center.  The  exact  position  of  the  image  of  such  a  point 
can  be  determined  by  the  following  construction  (Fig. -125):  Let  A 
represent  the  luminous  point  in  question.  It  will  throw  a  cone  of 
rays  upon  the  lens,  the  limiting  rays  of  which  may  be  represented  by 
A-h  and  A-c.  One  of  these  rays,  -4-p,  will  be  parallel  to  the  prin- 
cipal axis,  and  will  therefore  pass  through  the  principal  focus,  F. 
If  this  distance  is  determined  and  is  indicated  properly  in  the 
const  met  ion,  the  line  A-p  may  be  drawn,  as  indicated,  so  as  to 
pass  through  F  after  leaving  the  lens.  The  point  at  wnich  the 
prolongation  of  this  line  cuts  the  secondary  axis,  A-o,  marks  the 
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^HkkJQpte  forus  of  A  and  gives  the  position  at  which  all  of  the 
^B^  vill  be  foc'usc<l  to  form  the  imaj;e,  a.  In  calculating  the 
^HoRtion  of  the  image  of  any  object  in  front  of  the  lenii  the  same 
^Hpfthod  may  be  followed,  the  ronstniction  being  drawn  to  de- 
^Heni!'tnc  the  images  for  two  or  more  limiting  points,  as  shown 
^Bi  \\g>  12o.  I^t  A-B  be  an  arrow  in  fnuit  of  the  lens.  The  image 
^■(•^^11  be  forme<l  at  a  on  the  secondary  axis  /l-o,  and  the  image  of 
^^Bit  h  along  the  secondary  axis  B-o,  The  images  of  the  intervening 
^Boistfl  will,  of  course,  lie  between  a  and  b;  so  that  the  image  of  the 
^^htbr  object  will  be  that  of  an  inverted  arrow.  This  image  mav  be 
^^■n|ht  on  a  screen  at  the  distanre  indicated  by  the  construction  if 
^Hk  Utter  is  drawn  to  scale.  The  principal  focus  of  a  convex  lens 
^^■ly  be  determined  experimentally  or  it  may  be  calcidatcd  from  the 
^HnmlA  '  +  ^  -  y ,  in  which  /  represents  the  principal  focal  dis- 
^T  liDre  and  p  and  p\  the  conjugate  foci  for  an  object  farther  away 
H  Uttn  thu  principal  focal  distance.  That  is.  if  the  distance  of  the 
H  fibjfct  from  the  lens,  j)/ia  known,  and  the  ilistanceof  its  image,  p\ 
H  ildet«nnined  experimentally,  the  priini|)iLl  focal  distance  of  the 
^klcm,/,  may  be  determined  bj'  the  formula.  The  principal  focus 
^Hlf  i  IcDfl  may  he  calculated  also  from  the  radius  of  curvature, 

^BtiOrding  to  the  formula^  F  =  ^ZTy  '^  which  F  =  the  principal 

^^prtBirR  =  the  radius,  and  n  =  the  refractive  index  of  the  material. 
^Vhcf  ingla»4,  n  =  approximately  1.5,  the  formula  for  this  material 
I    twbout  F  -  2  R. 

I      Formation  of  an  Image  by  the  Eye. — As  stated  above,  the  re- 

I     fnctive  .surfaces  of  the  eye  act  essentially  like  a  convex  lens.     As  a 

I    matter  of  fact,  these  refractive  surfaces  are  more  complex  than 

I    in  Ujc  case  of  the  biconvex  lens.     In  the  latter  the  rays  of  light 

I    nSa  refrttctioQ  at  two  points  only.     Where  they  enter  the  len.s 

I    ikey  pttas  from  a  rarer  to  a  denser  medium  and  where  they  leave  the 

[   1(08  tliey  pass  from  a  denser  to  a  rarer  medium.     At  these  two 

I  pomis,  therefore,  they  are  refracted.     In  the  eye  there  is  a  larger 

'  meaof  refractive  surfaces.    The  light  is  refracted  at  the  anterior 

■ufAce  of  the  cornea,  where  it  passes  from  the  air  into  the  denser 

medhain  of  the  cornea;  at  the  anterior  surface  of  the  lens,  where  it 

i^ain  enters  a  denser  meiiium;  and  at  the  posterior  surface  of  the 

Iai0,  where  it  enters  the  less  dense  \'itreou8  humor.    The  relative 

frfnunive  powers  of  these  different  metiia  have  been  determined 

and  an?  expressed  in  terms  of  their  refractive  indices,  tliat  of  air 

being  taken  as  unity.* 


►  Th»  term  index  of  refraction  expresses  the  constant  ratio  between  the 
I  oC  iiBcidea«e  &nd  of  refraction,  or  iipccificany  l>etween  the  sine  of  the 

•  oi  incidsoce  and  the  sine  of  the  angle  of  refraction :   -: »  index  of 

Sine  r 
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-Diatn^m  tn  illustrate  the  surfaces 
in  the  eye  at  whici 


Fig.  128, 
_  _  the  ey< 
refracted. 


the  rays  of  light  are  chiefly 


Index  of  refraction  for  air. —1 

Index  of  refraction  for  cornea  and  aqueous  hu- 
mor   —  1.3365 

Index  of  refraction  for  crystalline  lens ^  1.4371 

Index  of  refraction  for  \atreous  humor «-  1.3366 

The  three  points  at  which  the  light  is  refracted  are  indicated 
in  the  accompanying  schema  (Fig.  126).  The  refractive  surfaw 
of  the  eye  may  be  considered  as  being  composed  of  a  concavo-conTcx 
lens,  the  cornea  and  aqueous  humor,  and  a  biconvex  lens,  the 
crystalline  lens.  In  a  system  of  this  kind,  composed  of  sevenl 
refractive  media,  it  has  been  shown  that  to  construct  geometrically 

the  p)ath  of  the  rays  it  is 
necessary  to  know  ax 
points;  these  are  the  ax  ca^ 
dinal  points  or  optical  coo- 
stants  of  Gauss, — namely, 
the  anterior  and  the  poste- 
rior focal  distance,  thetTO 
nodal  points,  and  the  two 
principal  points.  So  far 
as  the  eye  is  concerned,  it 
has  been  shown  that  ti» 
path  of  the  rays  of  light 
may  be  represented  with  sufficient  accuracy  by  employing  what  is 
known  as  the  reduced  schematic  eye  of  listing,  in  which  the 
refraction  is  supposed  to  take  place  at  a  single  convex  surface 
separating  two  media,  the  air  on  one  side  and  the  humor  of  the  eye 
on  the  other,  the  latter  having  a  refractive  index  of  1.33  (see  Fig. 
127).  In  this  reduced  eye  the  position  of  the  ideal  refracting 
surface  c'  lies  in  the  aqueous  himior,  at  a  distance  of  2.1  mms.  from 
the  anterior  surface  of  the 
cornea,  and  the  position  of 
the  nodal  point  or  optical 
center — that  is,  the  center 
of  curvature  of  the  ideal 
refracting  surface,  lies  in 
the  crystalline  Ions  at  n,  a 
distance  of  7.3  mms.  from 
the  anterior  surface  of  the 
cornea.  The  principal  fo- 
cal distance  for  this  refract- 
ing surface  lies  at  a  dis- 
tance of  20.7  mms.,  which 
would  he  equivalent  to 
22.8  mms.  (20.7  H-  2.1) 
from  the  actual  surface  of  the  cornea  and  15.5  mms.  (22.8  —  7.3) 
from  the  nodal  point.     In  the  eye  at  rest  this  principal  focal 


FiK.  127 
or  schematic  eye  witl 


to  illuBtrate  the  reduced 
a  sinfcle  refractinK  surface 


inpl  _   

separating  two  media  (if  different  densittea:  c'. 
the  idea]  refractinK  surface  situated  2.1  mma. 
behind  the  anterior  surface  of  real  romeft;  n. 
the  nodat  point,  or  center  of  curvature  of  ths 
surface  c',  and  15.5  mma.  in  front  of  retina. 
The  eyeball  la  supposed  to  be  filled  with  a  uni- 
form substance  having  a  refractive  index  of  1.33> 
equal  to  that  of  the  vitreous  humor. 
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coinridea  with  the  retina,  niiice  the  refracting  surfaces 
Dnnai  resting  eye  are  so  foi-med  that  parallel  rays  (rays 
tant  objet^t4i)  are  brought  to  a  focus  on  (he  retina.  To 
I  formation  of  the  image  of  an  external  object  on  the  retina 
1^  therefore,  to  use  a  coaslniction  such  us  is  represented  in 
t  Secondar>'  axes  are  drawn  from  the  limiting  points  of  the 
4  and  B — through  the  nodal  p>oint.  Where  these  axes 
jietinu  the  retinal  image  of  the  object  will  be  formed.  That 
I  rays  of  light  proceeding  from  .1  that  penetrate  the  eye  will 
bd  at  a,  and  all  proceeding  from  B  at  6.  The  image  on 
lA  will  therefore  be  inverted  and  will  Ix;  smaller  than  the 
[The  angle  formed  at  tlie  nodal  pt»int  by  the  lines  A-n  and 

wn  as  the  t^isiKil  angle;  it  Naries  inversely  with  the  <.Us- 
the  object  from  the  eye. 

'ersion  of  the  Image  on  the  Retina. — Although  the 

external  objects  on  the  retina  are  inverted,  we  see  them 
(act  is  easily  understootl  when  we  rememl>er  that  our 
feual  sensations  take  place  in  the  brain  and  that  the  pro- 
f  theee  sensations  to  the  exterior  is  a  secondary  act  that  has 
jpttd  from  experience,  iilxperience  has  taught  us  to  project 
kl sensation  arising  from  thestimulation  of  any  given  point 
ktina  totliat  part 
external  world 
ich  the  stimulus 
ftj^  is.  to  the 
^point  giving 
I  the  light  rays. 
\%  to  the  physi- 
ciplcs  describeil 
be  image  of  such 
must  be  formed 
retina  where  the 
ry  axis  from  that 

niiugh  the  nodal  point  touchesthe  retina.  In  projecting  this 
timulus  outward  to  its  source,  therefore,  we  have  learned 
cl  it  back,  as  it  were,  along  the  line  of  its  secondary  axis 
128  the  retinal  stimulus  at  a  is  projected  outward  along 
a-a-.4,  and  to  such  a  distance  as,  from  other  sources,  we 
the  object  .4  to  l>e.  This  law  of  projection  is  ftxed  by 
ce,  but  it  implies,  as  will  be  note<i,  that  we  are  conscious 
iffcrvnces  in  sensation  aroused  by  stimulation  of  different 
the  retina.  Considering  the  retina  as  a  sensorv  surface, 
«  akin,  for  instance,— ^ach  point,  speaking  in  general  tenns, 
■ommed  to  be  connected  with  a  definite  portion  of  the 
md  the  sensation  aroused  by  the  stimulation  of  these  dif- 
\\n\^  nmst  differ  to  some  extent  in  consciousness,  each  has 


Fir  12k.— DiMTmm   to  iDu-ftrat*  ihc  conai  ruc- 
tion necenary  to  determine  tb«  locatiuu  aud  nie  of 
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its  local  sign.    The  sensations  arising  from  each  of  these  points K 
have  learned  to  project  outward  into  the  external  world  along  tbfi 
line  from  it  to  the  nodal  point  of  the  eye,  because  under  the  nonni 
conditions  of  life  this  poiiit  is  stimulated  only  by  external  objecta 
situated  on  this  line.    This  law  of  projection  is  so  firmly  fixed  tiuik 
if  a  given  point  in  the  retina  is  stimulated  in  some  unusual  my 
we  still  project  the  resulting  sensation  outward  according  to  tte 
law,  and  thus  make  a  false  projection  and  interpretation.    For 
instance,  if  the  little  finger  is  inserted  into  the  inner  and  lower  ai^ 
of  the  eye  and  is  pressed  upon  the  eyeball  the  edge  of  the  retina  is 
stimulated    mechanically.    One   experiences,   in   consequence,  » 
visual  sensation,  known  as  a  phosphene,  consisting  of  a  dark-Uue 
spot  surrounded  by  a  light  halo.    This  sensation,  however,  is 
projected  out  toward  the  upper  and  outer  angle  of  the  eye,  accord- 
ing to  the  law  of  projection,  since  normally  this  part  of  the  letinfr 
is  only  stimiilated  by  light  coming  from  such  a  diredion.    A  edmil&r 
error  in  projection  is  obtained  by  holding  objects  so  close  to  the  eye 
that  a  physical  inverted  image  cannot  be  formed,  but  only  an  erect 
shadow  image.    This  experiment  may  be  performed  as  follows; 
Hold  the  head  of  a  pin  close  to  the  eye,  and,  in  order  that  a  sbaip 
shadow  may  be  thrown,  allow  the  light  to  fall  on  this  pin  through 
a  pinhole  in  a  card  held  somewhat  farther  from  the  eye.    By  tlus 
means  an  erect  shadow  of  the  pin,  lying  in  the  circle  of  light  from 
the  hole,  will  be  thrown  on  the  eye.    This  shadow  image  will  be 
projected  outward  according  to  tiie  usual  law,  and  consequently 
will  appear  inverted. 

The  Size  of  the  Retinal  Image. — ^The  size  of  the  image  of  an 
object  on  the  retina  may  be  reckoned  easily,  provided  the  size  of  the 
object  and  its  distance  from  the  eye  is  known.  As  will  be  seen  from 
the  construction  given  in  Fig.  128,  the  triangles  A-n^B  and  a-n-h  are 
symmetrical;  consequently  we  have  the  ratio: 

A-B   :  a-b     :  :    A-n   :  a-n      or 

A-B  A-n     ,.    ,  . 

— r-  ■■  1  that  IS 

a-b  a-n 

Size  of  object  Distance  of  object  from  nodal  point. 

Siae  of  image    ~    Distance  of  image  from  nodal  point. 

As  was  stated  above,  the  distance  of  the  image  from  the  nodal 
point — that  is,  the  distance  of  the  retina  from  the  nodal  point — 
may  be  placed  at  15.5  or  15  mms.  Consequently,  three  of  the  factors 
in  the  above  equation  being  kno^Ti,  it  is  easily  solved  for  the  un- 
known factor — namely,  the  size  of  the  image  on  the  retina.  To 
take  a  concrete  example ;  suppose  it  is  desired  to  know  the  size  on 
the  retina  of  the  image  made  by  an  object  120  feet  high  at  a  distance 
of  one  mile  (5280  feet).  If  we  designate  the  size  of  the  image  as  x 
and  substitute  the  known  values  for  the  other  terms  of  the  equation. 
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5280 
-i.  ,  ar  3?  =  0.341  mm.,  which  is  about  the  dium- 

V- l^J^^ 

rof  theloTea  cent  r  Alls.      The  retmal  image  of  the  object   iu 
'  tkis  ciee  would  be,  in  round  numbers,  about  nniVro  o^  ^^^  actual 
beiplit  of  the  object. 

Acccwnmodation  of  the  Eye  for  Objects  at  Different  Dis- 
tincei.— The  nonnal  or,  a.s  it  Is  sonietiincs  iianird,  the  emmetropic 
C5«,  is  arranged  to  focus  parallel  rays  more  i>r  le.'vs  accurately  upon 
tbeirtina.  That  is, the  refraetivc  media  have  such  cun-atures  and 
deaatieBthat  parallel,  or  substantially  parallel  rays  arc  brought  to 
ifoeusupon  the  retinal  surface.  When  objects  are  l>niuglit  closer 
to  tie  eye.  however,  the  rays  proceeding  (rom  them  become  more 
lid  more  divergent.  If  the  eye  remains  unchanged  the  refracted 
Wf%  cut  the  retina  before  coming  to  *a  focus — so  that  each 
hminoas  point  in  the  object,  iiL^tead  of  fonninp  a  point  upon  the 


fit  U*- — DUcTftm  expUininit  the  chftiun  in  tbe  pontion  of  the  im^mt  r«fle«t«d  from  th# 
ftnlcfior  surlace  of  tlie  cryHalline  Ibdo. — (tt'iUiamM,  aft«r  Uondera.) 


retina,  forms  a  circle,  known  as  a  diffusion  circle.  As  this 
0  true  for  each  point  of  the  object,  the  retinal  image  as  a  whole 
is  bluiTcd.  We  know,  however,  that  up  to  a  certain  point 
at  least  this  blurring  does  not  occiir  when  the  object  is  brought 
doaer  to  the  eyes.  The  eye,  in  fact,  accommodates  it-self  to  the 
object  so  as  to  obtain  a  clear  focus.  In  a  photographic 
this  accommodation  or  focusing  is  effected  by  moving  the 
fnNmd glass  plate  farther  away  as  the  object  is  brought  closer  to  the 
leD0.  In  the  eye  the  same  result  is  obtained  by  increasing  the  cur\'a- 
ture  and  therefore  the  refractive  power  of  the  lens.  That  a  change 
in  the  Jent^  U  the  essc^ntial  factor  in  accommodation  for  near  objects 
m  demonatratod  by  a  simple  and  conclusive  experiment  devised  by 
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Hf^lmholtz  with  the  aid  of  what  are  known  as  the  images  of  Pur 
kinje.  The  principle  of  this  experiment  is  represented  by  the  dia- 
gram given  in  Fig.  129.  The  eye  to  be  observed  is  relaxed; 
that  is,  gazes  into  the  distance,  A  lighted  candle  is  held  to  one 
side  as  representetl,  and  the  ohser\*er  places  his  eye  so  as  w 
catch  tliG  light  of  the  candle  when  reflected  from  the  observed  eye. 
With  a  little  practice  antl  under  the  right  conditions  of  illumina- 
tion the  observer  will  be  able  to  see  three  images  of  the  candle  re* 

A  B 


FifC.   13U. — R«flect«d  inumm  nf  r  c&ndlc  flame  &s  seen  in  ilie  pupU  of  an  eye  &t  nal  mud 
aoconiniodutod  for  neur  objecta. — {WiUtamt.) 

fleeted  from  the  ol>served  eye  ns  from  it  mirror:  one,  the  brightest, 
is  reflected  from  the  convex  surface  of  the  tMirnea  (o,  Fig.  130,  .4); 
one  much  dimmer  and  of  larger  size  is  reflected  from  the  convex 
surface  of  the  lens  (b.  Fig.  130,  -4).  This  image  is  larger  and 
fainter  because  the  reflecting  surface  is  less  curved.  The  third 
image  (c,  Fig.  130,  .4)  is  inverted  and  is  smaller  and  brighter 
than  the  second.  This  image  is  reflected  from  the  fK)sterior 
surface  of  the  lens,  which  acts,  in  this  instance,  like  a  concave 
mirror.  If  now  the  nhserved  eye  gazes  at  a  near  object,  it  will 
be  noted  (Fig.  130,  B)  that  the  first  image  does  not  change  at 
all  the  third  imnj^e  niso  remains  practically  the  same,  but  the 
mi<ldle  ima^e  ib)  becomes  smaller  and  approaches  nearer  to  the 
first  (a).  This  result  can  only  mean  that  in  the  act  of  accom- 
mofiation  the  anterior  surface  of  the  lens  becomes  more  convex. 
In  this  way  its  refractive  power  is  increased  and  the  more  diver- 
gent rays  from  the  near  object  are  focused  on  the  retina.  Helm- 
holtz  has  shown  that  the  curvature  of  the  posterior  sui-face  of  the 
lens  is  also  increased  slightly;  but  the  change  is  so  slight  that  the 
increased  refractive  power  is  referred  chiefly  to  the  <-hanf:e  in  the 
anterior  surface.  The  means  by  which  the  change  is  effected 
was  first  explained  satisfactorily  by  Helmholtz  *  He  attributed 
it  to  the  contraction  of  the  ciliary  muscle.  This  small  muscle, 
composed  of  plain  muscle  fibers,  is  fotuid  within  the  eyeball,  lying 
between  the  choroid  and  the  sclerotic  coat  at  the  jxiint  at  which  the 
sclerotic  passes  into  the  cornea  and  the  choroid  fiUls  into  the  ciliary 
•  Helmholt js,  ^'Handbuch  dcT  phyeiologischen  Optik,"  aocond  edition,  IS96. 
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Some  of  its  fibens  take  a  more  or  less  circular  direction 

I  the  eyeball,  resembling  thus  a  sphincter  muscle,  while  others 

Itib  a  radial  direction  in  tlie  planes  of  the  niori<liana  of  the  eye  and 

lk*^t  tbeir  insertion  in  the  choroid  coat  (Fi^.  131).     When  this 

( contracts  the  radial  fibers  esp)ecially  will  pull  forward  the 

1  coat.    The  effect  of  this  change  in  the  ciior(ji<l  Ls  to  loosen 

Ilk  pall  of  the  suspensor>'  ligament  (zonula  Zliinii)  on  tiie  leas  and 

UioigaQ  then  bulges  forward  by  its  own  elasticity,    The  theory 

that  in  a  condition  of  rest  the  suspenson*  ligament,  which 

nos  fmcn  the  ciliary  processes  to  the  capsule  of  the  lens,  exerts  a 


niiary    Bordsr 
procow.  of  irb. 


Ciliary  muscle. 


PlCTDWlft 

'  epiiDelium 


Choroid 

COftt. 


W^  tJI. — MwiiiWioal  aection  oi  eyvhalt  aft«r  renioral  of  actcrotic  coftt,  come*.  And   iris, 
to  show  the  poflitioti  of  the  ciliary  rnuncUs. —  {SchuUte.) 

teoAm  npon  the  lens  which  keeps  it  flattened,  partJciiIariy  along 
ha  anterior  surface,  since  the  fiKainpnt  is  attached  more  to  ihLs  side. 
When  this  tension  is  relieved  imlircctly  by  the  contraction  of  the 
csfiAfv  muscle  the  elasticity  of  the  lens,  or  rather  of  the  capsule  of 
|eaa«)ei^  it  to  assume  a  more  spherical  shaj)e  along  it**^  anterior 
and  the  amount  of  tliis  change  is  proportional  to  the 
tit  of  eontmction  of  the  muscle.  Other  theories  have  been 
spoee^i  to  explain  the  way  in  which  the  contraction  of  the  ciliary 
iM'lr  effet*ts  a  duin^e  in  the  curvature  of  the  lens,*  but  none  is 
To  frimpk'  nnd,  on  the  whole,  so  satisfactory  as  the  one  suggested 
bv  H«*hnholtz. 

It  k  mtt-rr^Uu^  to  note  that  in  fishes  accomniiMJation  i«  effected  in  n 
1  wny.  tutnu'ly.  hy  movements  of  the  lens  forwani  ami  backward. 
t  Animals  thr  rye  when  at  rt*«t  is  acoomtnodatetl  for  near  vision,  and 
\tmm  objodA  at  a  »ltstanco  the  refractive  power  of  the  eye  is  diniininhed  by 
ttm  ocmtrartioci  of  a  special  luuBcle,  reiracior  lertiU,  which  pulls  the  lens  toward 
tlMi«ciiia.t 

*  S««  Taeh^nung,  "Optique  phynologi(|\ie."   Parix,    1808;   and   Schoen, 
*' ArcliiT  f.  die  geoacniute  Phymologio,"  o9,  427.  1805. 

t£Sc«  beer,  "  Wiener  klinische  Wocbenschrift."  181*8,  No.  12. 
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Limit  of  the  Power   of    Accommodation — Near    Point  oi 
Distinct  Vision.- — When  an  objtcl  is  brought  closer  and  closerto 
the  eye  a  point  wiU  be  reached  at  which  it  is  impossible  by  the 
strongest  contraction  of  the  ciliary  muscle  to  obtain  a  clear  iniage 
of  the  object.     The  rays  from  it  are  so  divergent  that  the  refracti\T 
surfaces  are  unabJe  to  bring  them  to  a  focus  on  the  retina.    Each 
luminous  point   makes  a    diffusion   circle  on  the  retina,  and  tht 
whole  image  is  inilLstinct.     The  distance  at  which  the  eye  b  just 
able  to  accommodate  and  within  which    distinct  vision  is  iinpoe- 
siblc  is  called  the  near  poi/U.      Ob^t*rvation   ^^!lows  that  thi^^near 
point  varies  steadily  with  ugc  and  becomes  rapidly  greater  in  dis- 
tance between  the  fortieth  and  tlie  fiftieth  year.     In  the  case  of  tie 
normal  eye  the  recession  of  the  near  point  varies  so  regidariy  witk 
age  that  its  determination  may   be  used  to  estimate  the  aj?Pof  the 
individual.     Figures  of  this  kind    are  given  (see  also  p.  318): 

AoK.  Nbah  PoiKT. 

10 7  cm.  or    2.76  in. 

20 10     •'  "     3.94  " 

30 14     "  •*     5.61  ** 

40 22     "  "     8.66  " 

50 40     "  "    15.75  " 

60. 100     "  "   39.37  •' 

This  grad\ial  lengthening  of  the  near  point  is  explained 
by  the  supjwsition  that  the  lens  loses  its  elasticity,  so  that  con- 
traction of  the  rUiary  muscle  has  less  and  less  effect  in  causing  an 
increase  in  it^  curvature.  The  j.irocess  starts  xery  early  in  life, 
and  is  one  of  the  many  facts  which  show  that  senescence  begins 
practically  with  birth.  The  change  in  near  i>oint  in  early  life  if » 
slight  as  to  eiscapc  notice,  but  after  it  reaches  a  distance  of  about 
25  cm.  (al>out  10  inches)  the  fact  <il»tnulos  itself  upon  us  in  thcu« 
of  our  eyes  for  near  objects,— residing,  for  example.  The  condition 
is  then  designated  jis  old- sigh tedneas  or  prfSttyopta,  Most  nonnal 
eyes  become  so  distinctly  presbvnpir  between  the  fortieth  and  ibe^ 
fiftieth  year  as  to  require  the  use  of  glasses  ui  reading.  If  nootbw 
defect  exists  in  the  eye,  this  deficiency  of  the  len^  is  i-eadily  ovw- 
come  by  using  suitable  convex  glasses  to  aid  the  eye  in  focusing 
the  rays.  It  is  obvious  that  in  such  cases  the  glasses  need  not  be 
used  except  for  near  work. 

Far  Point  of  Distinct  Vision, — ^The  normal  eye  is  so  adjuslfJ 
that  parallel  rays  are  brought  to  a  focus  on  the  retina.  The  far 
point  is  therefore  theoretically  at  infinity.  Objects  at  a  gn*^ 
distance  are  seen  distinctly »  as  far  as  their  size  permits,  without 
accommodation, — tliat  i.*?,  with  the  eye  at  rest.  Fractically  it  i» 
found  that  objects  at  a  distance  of  6  to  10  meters  (20  to  30  feet)  send 
rays  that  are  sufficiently  puraHel  to  focus  on  the  retina  wilhoutj 
muscular  effort  on  the  part  of  the  eyes, and  this  distance,  therefore, 
measures  the  practical  far  point,  punclum  remolum,  of  the  nonnal 
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eye.  The  rays  at  tliis  distance  aro.  in  reality,  somewhat  (Uvergent, 
utd  that  they  produce  a  distinct  image  without  an  act  of  accom- 
modation naay  be  due  to  the  fact  that  the  rods  and  cones,  the  really 
jeasitive  part  of  the  retina,  do  Jiot  fonn  a  mathematical  plane,  but 
have  a  certain  thickness  or  depth.  In  the  fo^ea  centralis,  for  in- 
fUDce,  the  cones  have  a  length  estimated  [Greeflf)  at  cS5  fi  (0.085 
mm.),  and  since  the  displacement  of  the  focus  of  an  object  moved 
from  an  infinite  distance  (parallel  rays)  to  6  or  10  meters  from  the 
eye  is  less  than  tliLs  amount,  the  focused  hnagc  would  continue  to 
fall  on  some  part  of  the  cones  without  the  aid  of  the  mechanism  of 
leeommodation. 

The  Refractive  Power  of  the  Eye  and  the  Range  of  Accom- 
modation. ^The   refi'in'tivu   power  of  louses  is  expressed  usuully 
b terms  of  their  principal  focal  distance.      .A  lens  with  a  distance 
of  one  meter  is  taken  iis  the  unit  and  is  tlesignated  jks  havin;^  a 
refrapiive  power  of  one  diopter,  1  D.     C'ompared  with  this  unit, 
tie  refractive  power  of  lenses  is  expressed  in  terms  of  the  recipro- 
f»l  of  iheir  principal   focal   distance   raea.sured  in  meters:    thus, 
ileos  with  a  principal  fociil  distant^e  of  -^^  meter  is  a  lens  of  10 
diopters,  10  U.,  and  one  with  a  focal  distance  of  10  meters  is 
^diopter  (0.1  D.).     In  expressions  of  this  kind  it  is  assumed  that 
•  is  surrounded  by  iiir  on  both  sides.     In  the  case  of  the  eye, 
h  there  is  lur  ou  one  side  ami  liquid  (htimor)  on  the  other, 
It  B  necessary  to  distinguish  between  an  anterior  and  a  posterior 
distance,  according  iis  the  rays  of  li^ht  are  conceived  as 
from  the  air  into  the  eye  and  forming  their  focus  in  the 
lus  humor  (posterior  prineipu!  focus),  or  as  passing  in  the 
te  direction  and  forming  their  focus  in  the  air   (anterior 
principal  focus).     The  posterior  principal  focal  distance  (reduced 
«yp)  may  be  given  iis  20  +  mm.,  while  the  anterior  focal  distance 
.teequal  to  15  mm.  (13  mm.  in  front  of  cornea).     Compared  with  a 
lens  in  air,  the  equivalent  refractive  power  of  the  eye  is  equal 
D  ('^),  reckoned  for  the  posterior  focal  distance,  or  66  D 
,  reckoned  for  the  anterior  focal  distance.     In  the  combined 
of  cornea  and  lens  the  uction  of  the  cornea  is  more  im- 
t  than  that  of  the  lens.     Removal  of  the  lens,  as  in  cataract 
itions,  does  not  lessen  the  refractive  powTr  of  the  eye  so 
as  when  the  action  of  tlie  cornea  is  destroyed,  as  hapjK»ns 
le  ntost  part  when  the  heatl  is  immersed  in  water.     The 
refractive  power  of  the  eye  is  increased  by  the  act  of  accom- 
tJon,  on  account  of  the  greater  curvature  of  the  lens.     As 
rtfttwi  in  a  preceding  paragraph^  the  extent  of  accommotlatioa 
Sirica  with  age.     At  ten  years  the  range  is  from  infinity,  when  the 
5ei«at  rest,  to  7ctm.  when  the  maximum  accommodation  is  used. 
her  words,  the  increitse*!  curvature  of  the  front  of  the  crystal- 
leos  in  maximal  accommodation  adds  to  the  refractive  power 
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^  of  the  eye  an  amount  which  may  be  expressed  as  equivalent  to 

M4  +  D  ('^).     It  is  as  though  the  eye  were  left  at  rest  and  ft 

*  glass  lens  of  14  +  D  were  placed  against  the  cornea.    The  dfr 

creasing  range  of  accommodation  as  age  increases  is  expresswl 

conveniently  in  the  number  of  diopters  which  may  l)e  added  to  the 

refractive  power  of  the  eye  by  the  action  of  the  ciliary  muscle. 
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Fig.  131a. — Curvesflhowiiis  the  vftrintionin  thtini.nscof  accommodatioD  vithun. 
alone  the  abaciBsa  repment  yp&ni;  figun>H  alonff  the  ordinate  represent  diopt«r«  of  ■ 
daiion:  C  C,  RepirwnU  the  mean  or  average  ofover  1000  oases,  while  A  A  and  fl  B  _ 
ejttremea  noted  in  (heir  cams.     It  should  be  ttated  that  the  DiaxiDiain  accomniodatkHi 
point  wai  reokoned  from  the  anterior  principal  focua  (13  nun.  in  front  of  Ibe  eornaa) 
of  from  the  anterior  Rurfaoe  of  thr  cornea  iDuant). 

The  following  table  illustrates  the  usual  range  of  accom- 
modation for  different  ages.  (Somewhat  dififerent  resulta  arc  ex- 
pressed in  the  curve*  represented  in  Fig.  131a): 

Range  of  aceommodattoo 
VeAra.  in  diontera. 

10      14 

15      12 

20      10 

25    as 

30  7 

35  5.5 

40  4.5 

45  3.5 

50  2.6 

55  1,75 

60  ! 

66 0.75 

70  :    .        0.25 

•  Duanc,  "The  Ophthftlmoacope,"  Sept..  1912. 
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Optical  Defects  of  the  Nonnal  Eye.— The  refractive  surfaces 
tbe  eye  exhibit  some  of  the  optical  defects  commonly  noticed 
leweft,  particularly  those  defects  known  as  chromatic  and  spherical 
tion.    White  light  is  composed  of  ether  waves  of  different 
and  different  rapidities  of  \nbration.  the  shortest  waves  being 
at  the  ^nolet  end  of  the  spectrum  and  the  longest  those  at  the 
ikI  end.     In  passing  thmugh  a  prism  or  lens  these  waves  are  re- 
acted imequally  and  are  therefore  more  or  less  dispersed  accord- 
iig  to  the  character  of  the  refracting  medium.    The  short,  rapid 
^'m  at  the  violet  end  are  refracted  the  most  and  are  brought  to 
(kus  before  the  longer,  red  waves,  so  that  the  image  showa 
of  color  instead  of  being  pure  wliitc.    Tliis  phenomenon 
known  as  chromatic    aberration.     lenses    used  for  scientific 
are  corrected  for  this  defect  or  made  achromatic  by  a 
.tion  of  lenses  of  crown  and  flint  glass  so  placed  that  the 
AfMnive  power  of  one  neutralizes  that  of  tbe  other.     The  eye 
ohiUtd  this  defect,  but  not  to  such  an  extent  as  to  be  noticeablt 
oitiinan'  \iaion.     If,  however,  an  object  is  in  focus  when  viewed 
red  light  it  can  be  shown  that  the  focus  must  be  chongetl  if  the 
object  is  IHuiiiinated  by  violet  light.    Helmholtz  estimates 
if  the  media  of  the  eye  possess  the  same  dispersive  ix)wer  as 
T  the  rays  of  violet  light  must  be  brought  to  a  focus  at  about 
tl.434inm.  in  front  of  that  of  the  red  rays, 

fiphrxcal  aberration  depends  upon  the  fact  that  the  rays  near  the 

•mimference  of  a  lens  are  refracted  more  and  therefore  are  brought 

Id  a  focus  sooner  than  those  entering  nearest  the  center.    This 

defect  may  be  noticed  in  an  uncorrected  lens  by  the  fact  that 

•ben  the  center  of   the  image  is  in  exact  focus  its  matgins  are 

aiJSfctly  out  of  focus  and  tnce  ucrsti.    The  defect  is  usually  cor- 

Wrted,  as   in   photography,   by  use  of    a  diapliragm  to  cut  off 

the  mya  from  the  periphery  of  the  lens.    In  the  eye  both  spher- 

kil  and  chromatic  alx?rrations  are  remedied  to  a  laige  extent  by 

A  ttmilar  device.    The  iris  constitutes  an  adjustable  diai;)hragm, 

irtiich  reflexly  narrows  as  the   light  increases  in  intensity  and 

thiut  cuta  off  the  rays  that  would  go  through  the  periphery  of 

iJke  lens.    The  interesting  physiological  control  of  the  movements 

flf  the  iris  is  described  below.    In  the  eye  the  defect  of  spherical 

ibenation   is  counteracted  also  by  the  peculiar  structure  of  the 

oryBtalline   lens,    lliis    organ   is  composed  of   concentric   layers 

whose  density  increases  toward  the  center.    The  result  of  this 

anmngctuent  is  that  the  center  of  the  lens  is  more  refractive  than  the 

periphery,  and  the  tendency  of  the  latter  portion  to  refract  more 

■tniflgiy  h  more  or  less  neutralized. 

Abnormalities  in  the  Refraction  of  the  Eye— Ametropia. — 
The  eye  that  is  normal  and  in  which  parallel  rays  focus  on  the 
retina  when  the  eye  is  at  rest  is  designated  as  emmfln>pie.    Any 
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abnormality  in  the  refractive  surfaces  or  the  shape  of  the  eyebaD 
prevents  this  exact  focusing  of  parallel  rays  and  makes  the  e^ 
ametropic.  The  most  common  refractive  troubles  of  the  cya 
are  due  to  short-sightedness  or  myopia,  far-sightedness  or  hyp»i 
metropia,  astigmatism,  and  old-sightedness  or  presbyopia.  Some 
description  of  these  conditions  is  useful  to  emphasize  by  contntft 
the  mode  of  action  of  the  dioptric  mechanism  in  the  normal  ef% 
but  for  a  full  description  of  the  extent  and  complexity  of  then 
defects  reference  must  be  made  to  special  treatises  upon  tbe 
errors  of  refraction  in  the  eye. 

In  myopia  or  near-sightedness  parallel  rays  of  light  are  brought 
to  a  focus  before  reaching  the  retina.     Consequently  when  the  rays 
fall  upon  the  retina  each  point  forms  a  diffusion  circle  and  the  image 
is  indistinct.    This  defect  may  be  due  to  an  abnormally  great  cu> 
vature  of  the  refractive  surfaces,  the  cornea  or  the  lens,  or  to  an  ab- 
normal length  of  the  eyeball  in  its  anteroposterior  diameter.    The 
latter  cause  is  the  more  common.    The  defect  may  be  congenital, 
but  usually  it  is  acquired,  and  in  the  latter  case  its  cause  is  generally 
attributed  to  a  weakness  in  the  coats  of  the  eyeball.    The  interior 
of  the  eye  is  under  some  pressure,  intrsrocular  tension,  which  is 
estimated  to  be  equal  to  the  pressure  of  a  colimin  of  mercury  25  to  30 
mms.  in  height.    This  tension  is  increased  by  strong  convergence  of 
the  eyeballs  in  looking  at  near  objects.    If  the  coats  of  the  eye  are 
weak  or  become  so  from  disease  or  malnutrition  they  may  yield 
somewhat  to  this  pressure  and  the  eyeball  become  lengthened  in  the 
anteroposterior  diameter.    The  condition  as  regards  refraction  of 
parallel  rays  is  represented  then  by  the  diagram  B,  in  Fig.  132. 
The  retina  is  farther  away  than  the  principal  focal  distance  of  the 
refractive  surfaces,  and  if  the  defect  is  excessive  even  diverging 
rays  may  not  be  focused.    The  obvious  remedy  for  such  a  condition 
is  to  use  concave  lenses  before  the  eyes  for  distant  \'ision.     By  this 
means,  if  the  lenses  are  properly  chosen,  the  rays  will  be  given  such 
an  amount  of  divergence  that  the  focus  vdll  be  thrown  back  to  the 
retina.    As  compared  with  the  normal  or  emmetropic  eye,  the 
myopic  eye  has  its  far  point  of  distinct  \'ision — that  is,  the  farthest 
point  that  can  be  seen  distinctly  without  an  effort  of  acconmio- 
tion — less  than  twenty  feet  from  the  eye,  the  exact  distance  depend- 
ing upon  the  extent  of  the  myopia.    On  the  contrary,  the  near  point 
of  distinct  vision — that  is,  the  nearest  point  at  which  distinct  vision 
can  be  obtained  with  the  aid  of  the  muscles  of  accommodation — is 
closer  than  in  the  normal  eye.    Much  of  the  prevalent  myopia  in  the 
young  is  attributed  by  oculists  to  bad  methods  in  reading,  sucb  bm 
insufficient  lighting,  small  print,  and  a  faulty  position  of  the  book. 
Such  conditions  lead  to  an  excessive  muscular  effort  and  thua 
aggravate  any  tendency  that  exists  toward  the  development  of  a 
near-sighted  condition. 
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A 


■>pia  the  conditions  are  the  opposite  of  those  in 
Piarallel  rays  of  light  afU^r  refraction  in  the  eye  cut  the 
lefopp  they  come  to  a  focus.  The  principaJ  focal  distance,  in 
fords,  id  belund  the  retina.  In  this  ca.se.  also,  each  point 
tant  object  will  make  upon  the  retina,  when  the  eye  is  not 
|todjit4xi,  a  diffusion  circle,  and  the  image  consequently  is 
^  This  defect  may  be  caused  by  a  lessened  curvature  or 
ire  power  in  the  cornea  or  lens,  but  in  the  majority  of  cases 
jferable  to  a  diminution  in  the  anteroposterior  diameter  of 
iball.  This  condi- 
ilBually  congenital: 
jkhaU  from  birth  b 
Mmii  the  normal. 
jp  of  the  parallel 
|tlii5  case  is  repre- 
jb  the  diaje:ram  i\ 
I.  When  such  an 
b  at  a  distant  ob- 
iear  ima^  may  be 
B  only  by  using  the 
Biuscle.  and  to  pre- 
|ttB  constant  strain 
p  musck  of  accom- 

ri    convex    glasses 
worn.     Glasses  of 
^d    converge    the 
I  if  properly  chosen 
Bg  parallel  ray&  to 
without  the  con- 
cf  accommoda- 
ii  obvious  that 
rpermelropic  eye 
ino   far    point   of 
vision    wheJi  the 
^jest,  since  some 
Ition    must    be 
|l)rin>;  even  parallel  ra>^  to  a  focus.      The  near  point   of 
iriaicm  will  be  farther  away  than  in  the  normal  eye,  since 
fttion  begins  when  the  rays  are  parallel  and  it«   limits 
with  a  less  degree  of  divergence;  hence  the  name  of 


Fig.  132.— UiAgram  showinc  the  tliffcrence  be- 
tween Donnal  (.4),  myopic  {ti),  and  hypermeCropic 
(Q  eyea-  In  B  and  C  t^ia  dotted  lines  reprvaent  tike 
path  o(  ihe  rmys  after  corroction  by  gja^wea, — C/fov* 
auch.) 


or  old-«ighte<:lne.ss  has  been  referred  to  above  Tt 
p  a  gradual  failure  in  the  effectiveness  of  accommodation 
greasing  aRc,  and  is  attributed  usually  to  a  progressive  in- 
"  rigidity  in  the  lens.     The  near  point  of  distinct  vision 
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recedes  farther  and  farther  from  the  eye,  and  consequently  in  do«] 
work  convex  glasses  must  be  worn  to  aid  the  accommodatioiL  III 
is  obvious  that  this  effect  of  old  age  will  be  less  noticeable  in  tin  \ 
myopic  than  in  the  emmetropic  eye,  since  in  the  former  the  greater 
length  of  the  eyeball  requires  less  accommodation  in  near  vision  and 
the  failure  of  the  lens  to  refract  is  therefore  not  felt  so  soon    Whit 
is  knowni  as  second-sight  in  the  old  may  be  brought  about  bf 
the  late  development  of  a  myopic  condition, — that  is,  by  a  chanp 
in  the  length  of  the  eyeball  or  by  a  swelling  of  the  cr3rstalli8 
lens, — and  in  such  a  case  convex  glasses  for  near  work  may  be 
dispensed  with. 

Astigmatism. — In  a  perfectly  normal  or  ideal  eye  the  refractiw 
surfaces,  cornea,  anterior  and  posterior  surfaces  of  the  lens,  m 
sections  of  true  spheres,  and,  all  the  meridians  being  of  equal 
ctuvature,  the  refraction  along  these  different  meridians  is  equal 
Such  an  eye  will  bring  the  cone  of  rays  proceeding  from  a  luminooa 
point  to  a  focal  point  on  the  retina,  barring  the  disturbing  influence 
of  chromatic  and  spherical  aberration.  If,  however,  one  or  all  of  the 
refractive  surfaces  have  unequal  curvatures  along  different  merid- 
ians, then  it  is  obvious  that  the  rays  from  a  limiinous  point  can  not 
be  brought  to  a  focal  point,  since  the  rays  along  the  meridian  of 
greater  curvature  will  be  brought  to  a  focus  first  and  b^in  to  diveig© 
before  the  rays  along  the  lesser  curvature  are  focused.    Such  a 
condition  is  designated  as  astigmatism  (from  a,  not,  and  tfr^Ata^ 
point).    The  effect  may  be  illustrated  by  the  diagram  in  Fig,  133, 
which  represents  the  refraction  of  the  rays  fitom  a  luminous  point  by 
a  lens  whose  curvature  along  the  vertical  meridian  is  greater  than 
along  the  horizontal  meridian. 

The  rays  along  the  vertical  meridian  are  brought  to  a  focus 
first  at  (?,  but  those  from  the  horizontal  meridian  are  still  converging; 
so  that  a  screen  placed  at  this  point  will  give  the  image  of  a  horizontal 
line  (a-a').  The  rays  along  the  horizontal  meridian  are  brought  to  a 
focus  at  By  but  those  from  focus  G  have  by  this  time  spread  out 
in  a  vertical  plane,  so  that  a  screen  placed  at  this  point  will  give 
the  image  of  a  vertical  line  (6-c).  In  between  the  images  will  be 
elliptical  or  circular,  as  represented  in  the  diagram.  In  the  eye 
astigmatism  may  be  due  to  an  inequality  in  curvature  of  either  the 
cornea  or  the  lens,  and  may  be  either  regular  or  irregular.  By 
regular  astigmatism  is  meant  that  condition  in  which  while  the 
curvature  along  each  individual  meridian  is  equal  throughout  its 
course,  the  curvatures  of  the  different  meridians  vary  regularly 
from  a  maximum  to  a  minimum,  and  in  such  a  way  that  the 
meridians  of  greatest  and  least  cur\'ature  are  at  right  angles  to 
each  other  or  approximately  so.  In  other  words,  the  curvature 
of  the  refractive  surfaces  of  the  eye  is  such  as  would  be  obtained 
by  adding  a  cylindrical  to  a  spherical   lens.      Ordinarj-  astig* 
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10  of  the  regular  variety,  and  is  usually  attributed  to  a 
4(m  in  the  curvature  of  the  cornea.  If  the  astigmatism  is  such 
tk&t  the  vertical  meridian  has  the  greatest  curvature  it  is  termed 
"nih  the  rule,"  since  usually  this  meridian  is  slightly  more 
Vffd  than  the  horizontal  one.  If,  on  the  contrary,  the  cur- 
llupe  along  the  horizontal  meridian  is  greater,  the  astignmtism 
|*a|E:uast  the  rule."  The  meridians  of  greatest  and  least  curva- 
?  may  not  lie  in  the  vertical  and  horizontal  planes,  but  in  some 
[the  oblique  planes;  but  so  long  as  they  are  at  right  antrics  the 
Ktism  is  regular.  It  Ls  evident  that  such  a  condition  may 
itorrected  by  the  u.se  of  cylindrical  lenses,  so  chosen  as  to  in- 
the  refraction  along  the  meridian  in  which  the  cornea 
I  the  least  curvature,  in  which  case  a  convex  or  phis  cylinder  is 
■ri,  or,  on  the  other  hand,  to  diminish  appropriately  tlie  refraction 
limn  the  meridian  of  greatest  curvature,  in  which  case  a  concave 
cr  minits  cylinder  is  used.     An  eye  that  suffers  from  a  marked 


fiB,  ISL— atfaema 


to  Ulustntte  the  pAthi  of  the  rmyi  of  Usht  in  a  oorn«i  showini 

, — {\tcKtndrick.\    The  lover  line  nf  (ijpiTas  lepieaente  theiectioo  o7 


..     _ht,  or  the  Imafln  obtaioed  at  different  (lixutnoeB.  The  iman  varies  from  a 
1  lo  m  ▼■rtieal  Un«,  but  at  do  place  ean  a  point  be  obtaiaed  al  whkh  rays  along 
I  an  iocnaad. 

itgftt  of  astigmatism  cannot  focus  distinctly  at  the  ^me  time 

that  are  at  right  angles  to  each  other;  hence,  the  use  of  a 

of  lineA  whose  images  are  formed  along  the  different  merid- 

of  the  e>T,  as  shown  in  Fig.  134,  may  Ix'  usrd  to  reveal  this 

drfed  if  it  exist*.    If  one  looks  at  such  a  chart  through  a  convex 

less,  r.  g.,  a  lens  of  5  or  10  diopters,  and,  starting  from  a  distance 

at  which  the  lines  are  all  blurred,  !)rings  it  gra^luully  nearer  to 

■the  eye,  it  will  be  observed,  if  the  eye  is  astigmatic,  that  the  lines 

HtffeMft  all  rorne  into  focus  at  once.     If  one  meridian,  for  example, 

HmVV  W^,  comes  into  focus  first,  then  at  that  distance  the  mer- 

'*      at  right  angUv,  180**,  will  appear  moHt  blurred.     A  nonnal 
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eye  can  be  thrown  into  an  astigmatic  condition  by  approximatinj ' 
the  eyelids  closely.  In  this  position  the  tears  make  a  concaw : 
cylindrical  lens,  which  alters  the  curvature  along  the  vertnl 
meridian.  What  is  known  as  irregular  astigmatism  is  due  to 
the  fact  that  the  meridians  of  greatest  and  least  curvature  m 
not  at  approximately  right  angles,  or,  as  is  more  commonly 
the  case,  it  is  due  to  an  irregidarity  in  the  curvature  along  aome 
one  meridian,  such  as  may  be  produced  by  a  scar  upon  the  o(v- 
nea.  This  condition  may  be  produced  from  a  variety  of  caum 
affecting  either  the  cornea  or  the  lens,  and  practically  it  can- 
not be  corrected  by  the  use  of  lenses.    As  Helmholtz  has  shows, 

a  small  degree  of  irregular 
astigmatism  is  pr^ent  ntx- 
mally,  owing    to  a  certiia 
asymmetry  in  the  curratun 
of  the  lens.    This  defect  ii 
made  apparent  in  the  visual 
sensations  caiised  by  a  pcunk 
of  light,  such  as  is  furnished, 
for  instance,  by  a  fixed  star. 
The  retinal  image  in  these 
cases,  instead  of  being  a  syxo* 
metrical  point,  is  a  radiate 
figure   the  exact   form  of 
which  may  vary  in  different 
eyes.     For  this   reason  the 
fixed  stars  give  us  the  well- 
known    star-shaped    image 
instead  of  a  clearly  defined 
point. 
Innervation  and  Physiological  Control  of  the  Ciliary  Muscle 
and  the  Muscles  of  the  Iris, — From  an  optical  point  of  view  the 
iris  plays  the  part  of  a  diaphragm.    It  is,  moreover,  an  adjustable 
diaphragm  the  aperture  of  which — that  is,  the  size  of  the  pupil- 
is  varied  reflexly  according  to  the  conditions  of  illumination.    Its 
adjustments  are  made  possible  by  the  fact  that  it  contains  within 
its  substance  two  hands  of  muscular  tissue,  one,  the  sphincter 
muscle,  forming  a  circular  ring  whose  contraction  diminishes  the 
aperture  of  the  pupil,  and  the  other  a  dilator  muscle  whose  contiao- 
tion  widens  the  pupil.    Each  of  these  muscles  possesses  its  own 
ner\'e  fibers  that  arise  ultimately  from  the  brain,  and  through  these 
fibers  reflex  movements  of  great  deUcacy  are  effected.    The  sphinc- 
ter pupillae  is  a  well-defined  band  of  plain  muscle  whose  width 
varies,  according  to  the  state  of  contraction,  from  0.6  to  1.2  mms.; 
it  forms  a  ring  lying  just  on  the  margin  of  the  pupil,  and  it  is  im- 
bedded in  the  stroma  of  the  iris.    The  histological  differentiation 


Fig.  134. — Astigmatic  chart. 
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iilator  pupillff;  is  much  less  distinct.  For  a  long  time  its 
ee  was  the  suhjoet  of  controversy,  but  it  is  now  conceded 
leh  tt  nriuscle  is  present  in  the  form  of  a  layer  of  elongate<i 
)4ike  cells  which  lie  close  to  the  pigment  layer  of  the  iris  and 
Idi&l  bundles  stretching  from  the  ciliary  border  of  the  iris 
[the  pupiilAry  orifice.*  Both  of  these  muscles  are  suppUed 
iDomic  nen^e  fibers — that  is,  the  motor  nene  path  comprises 
jionic  fiber^  arising  from  the  central  nervous  system, 
inglionic  fiber,  arising  from  a  sj'nipathetic  ganglion. 
it  can  be  shown  that  the  sphincter  muscle  is  supplied 
abort  ciliar}'  nerves  arising  from  the  eiJiarj'  ganglion, 
upply  also  the 
of  accommoda- 
ciliary  muscle; 
dilator  muscle 
by  the  long 
lacnTs  that  arise 
|the  ophthalmic 
lof  the  fifth  cra- 
ve, as  represented 
b35.  The  entire 
I  of  the  motor 
pngangiionic  and 
|;lioaic  fibers,  is 
IkUsI  diagrammat- 
|l  Fig,  136.  The 
bere  to  the  ciliar>' 
and  sphincter 
arise  in  the  mid- 
Ill  the  nucleus  of 
f  the  thinl  cmnial 
IvhI  indeed  in  a 
[part  of  this  nu- 
png  most  ante- 
^  They  leave  the 
BTve  in  the  orbit 
I  within  the  sub- 
Ihe  ciliary  gan- 
the  path 
by  sympa- 
;anglionic ) 
from  the 
the  short  ciliar>'  nerves.     The  fibers   to  the  dilator 

f  A  physiological   proof  and  the  literature  of  the  onntroverey  see 
pad  Andcraon,  "JoumftI  of  Physiolupy,"    *"  " 
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Course  of  ron«trict<tr  nerve  fibeni, 
Cou/M}  of  diUtur  uervo  fibem,*  • 


Fig.  135. — DiAcrnmmatic  repre«en(atioo  of  the 
nerves  govemiriK  the  pupil  (after  FotUr):  //.Optic 
nerve;  g^.  ciliary  Kntifclion;  r.6.  ite  short  root  from 
///.  motor oculi  ner\e;«um..  its  cympetbelic  root;  r/, 
ite  ioa|t  mot  from  V,  onhihalmooMal  branch  of  oph- 
thalmic division  of  Hhh  nerve;  «.Ct  short  ciliary 
f.e,  long  ciliary  nerves. 


pU  proof.  Grunert , 


13.  554,   1892.      For  the 
Archives  of  Ophthalmology."  30,  377.  1901. 
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muscle  have  a  very  different  path.  They  arise  also  in  the  \iiakA 
most  probably  in  the  midbrain,  althou^  thar  exact  oripnbMl 
not  been  determined  satisfactorily,  and  pass  down  the  Bpiuli 
cord  to  terminate  in  the  lower  cervical  r^on.  From  this  poafc  ] 
the  path  is  continued  by  spinal  neurons  which  leave  the  cord  intli 
eighth  cervical  and  the  first  and  second  thoracic  spinal  nerves  ml 
pass  by  way  of  the  corresponding  rami  commimicantes  into  Ae 
sympathetic  chain  at  the  level  of  the  first  thoracic  ganglion.  Fnn 
ijiis  point  the  fibers  pass  upward  in  the  cervical  sympathetic  iriA- 
out  terminating  until  they  reach  the  superior  cervical  ganglion  nar 
the  base  of  the  skull.  From  this  ganglion  the  path  is  contisufld 
by  S3anpathetic  (postganglionic)  fibers  which  pass  to  the  Gasseriu 
ganglion  and  unite  with  its  ophthalmic  branch.  Subsequentlj 
they  leave  the  ophthalmic  nerve  in  the  long  ciliary  branches.  Th« 
fibers  under  normal  conditions  are  in  constant  (tonic)  activity,  to 
that  if  the  path  is  interrupted  at  any  point — ^by  section  of  the  cervi- 


Cord 


Giiary7iave9 


wympathMe 


Fig.  136. — Schema  showing  the  path  of  the  preganglionic  and  postganA^ooie  fiben 
to  the  cilian^  muscle  and  to  the  sphincter  and  dilator  muscle  of  the  iria. — (Modified  from 
SchuUi.)     The  course  of  the  long  ciliary  nerves  is  represented  very  diagnunmaticaUy. 

cal  sympathetic,  for  instance — the  pupil  is  seen  to  contract.  This 
constant  activity  may  be  referred  directly  to  the  activity  of  the 
spinal  neurons  whose  cells  lie  in  the  spina)  cord  in  the  lower  cerxical 
and  upper  thoracic  region.  The  cells  in  question  constitute  what 
is  sometimes  called  the  lower  ciliospinal  center  of  Budge. 

The  Accommodation  Reflex  and  the  Light  Reflex  of  the 
Sphincter  Muscle. — When  the  eye  is  accommodated  for  a  near 
object  by  the  contraction  of  the  ciJiarj'  muscle  there  is  always  a 
simultaneous  contraction  of  the  sphincter  pupUlae  whereby  the 
pupil  is  narrowed.  The  act  is  one  of  obvious  value  in  vision,  since 
by  diaphmgming  down  the  lens  the  focus  is  improved  and  more 
exact  vision,  such  as  is  needed  in  close  work,  is  obtained.    The  act 
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By  spoken  of  ai<  the  accainmodation  reflex,  but  in  reality  it 
inlhor  what  is  known  ai*  an  associated  movement.    The  act 
[ Moonmiodation  carries  with  it  the  con.strict*K»n  of  the  pupil, 
in  all  pmhfthility,  the  efferent  tlisrharKt^  from  Ihe  cells 
I  thf  midliruin  rontrnllinj?  the  ciliary  muscle  affects  iikewisr  the 
hl»oring  center   for   the   sphinct^T   musric.     An   exnmpie   of 
tomilar  associated  action  is  seen  in  the  effect  of  the  respiratory 
pais  on  the  rate  of  heart  l>eat^  the  inspiraton-  ilischarge 
the  respirator)*  center  being  accompanied  l\v  an  associated 
cSect  upon  the  cardio-inhibitor\'  center  wherein'  the  heart  rate 
b  quickened.     In  the  particular  caw  that  we  are  <lealing  with 
thm  muscular  acts,  in  fact,  are  usually  associated,  for  every  act 
tf  ftcoommixlation  imder  normal   circumstances  is  accompanied 
act  only  by  a  constriction  of  the  pupil,  but  also  by  a  convergence 
d  th«  eyeballs,  due  to  a  contraction  of  the  internal  rectus  muscle 
bmcfa  eye. 
The  light  reflex  is  observed  when  light  is  thrown  into  the  eye. 
itiireU  known,  the  pupil  dilates  in  darkness  or  dim  lights  and 
liootncts  to  a  pin-point  upon  strong  illumination  of  the  retina. 
jTlie  value  of  this  reflex  is  also  obvious.     In  the  dim  light  the  total 
'  ihunination  and  therefore  the  \isual  power  of  the  retina  is  aided 
brw  enlarged  pupil,  but  in  strong  Lght^  the  illumination  may  be 
diinhiinhed  with   advantage  by   diaphmgming,  since   the  optical 
na^eonthe  retina  Ls  thereby  improved  on  account  of  the  diminu- 
ti(»in  spherical  aberration.     The  reflex  arc  involved  in  this  act  is 
hoTO  in  part.    The  afferent  path  is  along  the  optic  ner\'e;   the 
dHCnt  path  hack  to  the  sphincter    Is    through  the   third  nerve 
ind  dlian' ganglion ;  injury  to  either  of  these  paths  diminishes  or 
dBrtrD)*8  the  reflex.    The  reflex  is  also  lost  in  some  easels  in  which 
Ofither  of  these  paths  seems  to  be  involved.     In  tabes  dorsalis 
(locotnotor  ataxia)  and  general  pareai§j__iQr  instancoj  the  jupil 
rf  tiM»  fY*^  ^  constricted  and  IToes  not  give  the  lipht  reflex,  but 
itBahowB  the  accommodation  retiex7    Such  a  condition  is  known 
Ji  the  ArK\II   Ilol)ertson   pu^^il.      Some  question  exists,  there- 
for?, as  to  the  nature  of  the  connections  in  the  brain  between  the 
aSmnt  impulses  and  the  motor  center  in  the  nucleus  of  the  third 
nerve.    According  to  some  authors,  the  afferent  light  reflex  fibers 
arv  a  KPt  of  filjers  distinct  from  the  vij^ual  fibers  projx^r.     They 
arao  in  the  n?tina  and  pass  backward  in  tht:  optic  nerve,  but 
\em,x^  the  optic  tracts  at  the  chiasma  to  enter  the  walls  of  the 
tbin!   ventricle  and  thus  reach  the  nucleus  of  the  third  nerve. 
This  view,  however,  finds  no  support  in  the  histological  structure 
of  the  retina.     In  the  foveal  region  at  least  we  must  suppose  that 
•titnulatifin  of  the  cones  gives  rise  to  both  the  visual  sensation 
jmd  the  pupil  reflex,  but  it  is  said  that  in  some  case^*  (amaurosis) 
•  Behr.  "Archiv  f.  Ophthalmologie,"  86,  468,  1913. 
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the  pupil  reflex  may  be  obtained  without  accompanying  visual 
sensations.    Under   normal    conditions   the   light   reflex  b  bi- 
lateral,— that  is,  light  thrown  upon  one  retina  only  will  cause 
constriction  of  the  pupil  in  both  eyes.    In  the  lower  aninub, 
whose  optic  nerves  cross  completely  in  the  chisma,  the  liglit 
reflex,  on  the  contrary,  is  unilateral,  affecting  only  the  eye  ^ 
Is  stimulated.*    We  may  conclude,  therefore,  that  the  bilaterally 
of  the  reflex  in  the  higher  animals  is  dependent  upon  the  partial 
deciissation  of  the  optic  fibers  in  the  chiasma,  a  sensory  stimuhu 
upon  one  retina  giving  rise  to  impulses  which  are  conveyed  to  the 
two  sides  of  the  brain.    It  is  possible,  however,  that  in  additioo 
commissural  connections  may  exist  between  the  central  connections, 
— ^the  motor  centers  in  the  midbrain.    It  is  usually  stated  that 
the  effect  of  the  light  upon  the  sphincter  muscle  is  greatest  when 
the  retina  is  stimulated  at  or  near  the  fovea  and  that  it  vanes 
directly  with  the  intensity  of  the  light  and  the  area  illuminatedt 
The  Action  of  Drugs  upon  the  Iris. — ^The  condition  of  con- 
striction of  the  pupil  is  frequently  designated  as  miosis  (mi-o'-as) 
and  the  condition  of  dilatation  as  mydriasis  (myd-ri'-as-is).    Many 
drugs  are  known  which,  when  applied  directly  to  the  absorptive 
surfaces  of  the  eye  or  when  injected  into  the  circidation,  affect 
the  muscles  of  the  iris  and  therefore  vary  the  size  of  the  pu^nL 
Those  drugs  that  cause  miosis  are  spoken  of  as  miotics,  and  those 
that  produce  mydriasis  as  mydriatics.    Atropin,  the  active  prin- 
ciple of  belladonna,  homatropin,  and  cocain  are  well-known  myd- 
riatics, while  physostigmin  (eserin)  and  muscarin  or  pilocarpin  are 
examples  of  the  miotics.    There  has  been  much  question  as  to  the 
precise  action  of  these  drugs.    For  an  adequate  discussion  of  this 
question  the  student  is  referred  to  works  on  pharmacology;   but 
it  may  be  said  that  the  evidence  from  the  physiological  side^  indi- 
cates that  atropin  causes  mydriasis  by  paralyzing  the  endings  of 
the  constrictor  ner\'e  fibers  in  the  sphincter  muscle,  while  phy- 
sostigmin and  muscarin  cause  miosis  by  stimulation  of  the  endings 
of  these  same  fibersj     In  the  case  of  cocain  it  is  probable  that  the 
drug  first  stimulates  mainly  the  endings  of  the  dilator  fibers  in  the 
dilator  muscles,  and  in  stronger  doses  causes  additional  mydriasis 
by   paralyzing  the  constrictor  fibers.    The  stronger  mydriatics 
paralyze  not  only  the  sphincter  pupillsp,  but  also  the  similariy 
innervated  cillar\'  muscle,  thus  destroying  the  power  of  accom- 
modation.   When  atropin  is  applied  to  the  eye  the  individual  fe 

♦  Steinach,  "  Archiv  f.  d.  gesammte  Physiologic,"  47,  313,  1890. 

fSee  Abels(iorff  and  Feiichcnfell,  "Zeitschrift  f.  Psychologie  und  Phys- 
iologic des  Sinncsorganc,"  34,  HI,  1904. 

JSchultz,  "Archiv  f.  Physiologic."  1898,  47. 

§  According  to  Langley,  "Journal  of  Physiology,"  39,  235, 1909,  the  stim- 
ulating or  paralyzing  effect  of  such  drugs  is  due  to  an  action  not  on  the  nerve 
terminals,  but  on  a  special  receptive  substance  in  the  muscle-fibers. 


wabfe  to  use  his  eyes  for  near  work — reading,  for  example — until 
the  effect  of  the  ilrug  has  worn  off.  In  ophthalinnlo^ical  literature 
tlu«  condition  of  paralysis  of  the  ciliary  muscle  is  spoken  of  as 
cjrdoplegia,  and  most  of  the  mydriatic  drugs  are  also  cycloplegies. 
»coatrar>\  the  stronger  miotics  stimulate  the  ciliary  muscle, 
^therefore  during  their  period  of  action  tiirow  the  eye  into  a 
of  forced  accommodation. 
I  Balanced  Action  of  the  Sphincter  and  Dilator  Muscles 
Iris. — It  would  seem  that  under  nonnal  conditions  both  the 
tter  and  the  dilator  muscle  are  kept  more  or  less  in  tonic 
jty  by  impulses  received  through  their  respective  motor  fibers, 
rthus  balance  each  other,  to  spe^k  figuratively,  and  a  inechan- 
Fof  this  kind  in  which  two  opposing  actions  are  in  play  is  in  a 
'ttDdition  to  respond  promptly  and  smoothly  to  an  excess  of  stimu- 

Si  from  either  side.  The  two  muscles,  in  fact,  act  as  antago- 
fa  the  same  manner  as  the  flexor  and  extensor  muscles  around 
Bt.  At  the  same  time  this  relation  adds  some  difficulties  to 
Iplanation  of  specific  reactions,  since  it  is  evident  that  a  dila- 
Mttm  of  the  pupil  may  be  caused  either  by  a  contraction  of  the 
tfilitor  niusole  or  a  loss  of  tone  (inhibition)  in  the  sphincter,  while 
IB  eonsiriction  of  the  pupil  the  effect  may  result  pither  from  a  con- 
tactioQ  of  the  sphincter  or  an  inliibition  i»f  the  dilator;  or,  lastly, 
tbecoDtraetion  of  one  muscle  uiay  always  be  accompanied  by  an 
iahibition  of  its  antagonist,  aa  is  supposed  to  be  the  case  with  tlic 
faor  and  extensor  muscles  of  the  limbs  (law  of  reciprocal  in- 
Hnttion).  AntleTson*  has  given  some  evidence  to  show  that  the 
iSatation  of  the  pupil  in  cats  is  due  to  a  double  action  of  this 
lofl,  the  pupiilodilator  muscle  contracting  first  and  subsequently 
Ike  tone  of  the  constrictors  suffering  an  inhibition.  Alterations 
Btbeujie  of  the  pupO  take  place  not  only  under  the  conditions 
b^ribed  above — namely,  the  light  and  the  accninmodation 
ilex  and  the  action  of  drugs — but  also  umler  many  other  cir- 
ices»  normal  and  pathological.  In  skH*p,  for  instance, 
roll  upward  and  outward  and  the  pupils  are  constricted. 
Bts  in  this  case  may  l>e  due  to  a  cessation  in  tonic  activity 
i  the  part  of  the  dilator  muscle,  or  to  an  increased  tonus  of  the 
hincter  muscle.  The  latter  explanation  is  strengthened  by  the 
rt  that  experiment*  indicate  that  during  the  waking  period  the 
niw  of  the  cranial  center  controUing  the  sphincter  is  kept  under 
kibition  by  the  inflow  of  sensor\'  impulses.  During  sleep  this 
Utral  inhibition  diminishes  or  disappears.  Emotional  states  also 
ect  the  sixe  of  the  pupil  ami  thus  aid  in  giving  the  facial  expres- 
taa  characteristic  of  these  conditions.  Writers  sjxnik  of  the 
^Bihiting  with  terror  or  darkening  i^ith  emotions  of  deep  pleas- 
t.  This  pupillary  accompaniment  of  the  emotional  stat.es  may 
•  "Journal  of  Phyaiolo(y,"  30,  15.  1903. 
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occur  even  when  it  is  a  matter  of  memory  rather  than  imme^ale 
experience.  The  explanation  of  this  mydriasis  can  hardly  be  ob- 
tained by  experiment.  So  far  as  the  physiological  mechanisms  an 
concerned,  it  may  be  explained  either  by  a  stimulation  of  the  dilator 
muscle  or  by  an  inhibition  of  the  tonus  of  the  constrictor  muscle. 
In  favor  of  the  latter  explanation  we  have  the  fact  that  stimuli- 
tion  of  the  cortex  cerebri  causes  dilatation  when  the  dilator  pa& 
are  severed. 

Intraocular  Pressure. — ^The  liquids  in  the    interior   of  the 
eye  are  normally  under  a  pressure,  the  average  value  of  whiA 
may  be  estimated  at  25  mms.  of  mercury.    In  consequence  of 
this  internal  pressure  the  eyeball  is  tense  and  its  external  surface* 
including  the  cornea,  shows  a  regular  curvature.    It  is  obvious 
that  folds  or  creases  in  the  cornea  would  entirely  destroy  its  use- 
fulness, so  far  as  the  formation  of  an  image  is  concerned.    The 
amount  of  the  intraocular  pressure  may  be  measured  by  thrusting 
a  tubular  needle,  properly  connected  with  a  manometer,  into  the 
anterior  chamber  of  the  eye.    The  Uquid  in  the  interior  of  the 
eyeball  may  be  considered  as  tissue  lymph,  and  like  the  lymph 
elsewhere  it   is  derived   from   the   blood-plasma.    Investigation 
has  shown  that  the  lymph  is  formed  in  the  ciliary  processes,  but 
in  this  as  in  other  cases  there  is  a  difference  of  opinion  as  to  wheUier 
the  production  is  due  to  so-called  secretory  or  to  mechanicsl 
causes,  such  as  filtration.*    We  may  suppose  that  the  liquid  filters 
into  the  eye  through  the  vessels  in  the  ciliary  processes,  and,  on 
the  other  hand,  drains  off  or  is  absorbed  at  the  angle  of  the  anterior 
chamber  through  the  vein  known  as  the  canal  of  Schlemm.    The 
intraocular  pressure  rises  until,  under  its  influence,  the  outflow 
just  balances  the  inflow.     It  is  evident  from  this  point  of  view 
that  intraocular  pressure  will  be  increased  by  any  change  that 
will  augment  the  production  of  the  liquid  at  the  ciliary  processes, 
such  as  a  rise  of  blood-pressure,  or  by  any  interference  with  the 
outflow,  such  as  might  arise  from  a  blocking  of  the  canal  of 
Schlemm.     Certain  pathological  conditions  (glaucoma)  are  char- 
acterized by  an  abnormally  high  intraocular  tension,  the  differ- 
ence from  the  normal  being  such  that  it  is  easily  recognized  by 
pressure  with  the  fingers. 

Methods  of  Determining  the  Refraction  of  the  Eye. — The  condition 
of  the  eye  as  regunis  its  refraction  may  be  detemuned  by  the  use  of  suitable 
charts  and  a  series  of  spherical  and  cylindrical  lenses.  The  result's  by 
such  a  method  depend  largely  upon  the  statements  of  the  patient^  that 
is  to  say,  they  are  largely  subjective,  A  number  of  instruments  have  been 
devised,  however,  by  means  of  which  the  refraction  of  the  eye  may  be  studied 

•  For  discussion  and  literature,  see  Henderson  and  Starling,  "Proceed- 
ingfl  Royal  Society,"  1906,  B.  vol.  77;  Hill  and  Flack,  ilnd,,  vol.  85,  1912,  and 
Henderson,  ''Glaucoma,"  London,  1910. 
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Ik  ft  puniy  objective  way,  so  f ar  aa  the  patient  m  concerned.    The  moat 

T^nrUDt  of  toeee  uiAtrunienta  an;  the  ophthulimwcope,  the  relinoscope  or 

[^MDOpe,  and  the  ophtlmlinumi'ter.     A  brief  description  id  f^iven  of  euch  of 

'tfieinstnixnent^,  hut  for  (he  numerous  practiciU  Uetaila  neceadary  to  their 

moifu]  Wj*-'  n-fcn'uce  uiu^t  be  nia*!**  to  H|MfiHl  manuals. 

Tbe  ophthalmoscope. — The  light  thut  fulls  into  the  eye  la  partly  absorbed 

bjribtf  black  pigineut  of  the  ehoroiii  coat,  and  is  piirtly  reflected  bock  to  the 

oMinr.    This  latter  portion  ia  reflwleil  back  in  (he  direction  in  which  it 

i  Mend     Merely  hokhng  a  hght  near  the  eye  does  not,  therefore,  enable  us  to 

)  Mtkv  interior  more  clearly,  aince  in  order  to  catch 

tWivtunungraysin  our  own  eye  it  would  be  ne(:*c»- 

MTf  (0  tntCTpoac  the  head  bei ween  the  »our<"e  of 

%pAaM  the  obaer%'cd  eye.    If,  however,  we  could 

amfift  the   light  to  enter  the  ob^rved  eye  an 

thoup  it  proceeded  from  our  own  eye,  then  the 

iMnniixuc  raya  would  be  pcrofivtrd,  and  with  suf- 

fioot  ilfcirnination  the  bott-oui  or  fundus  of  the 

obKnred  eye  might  be  seen.     ArKuinfc  in  this  way 

Hcbnholti  oonstructcd  his  first  form  of  the  oph- 

tUskOnopein  1851.    The  value  of  the  ophthid- 

■onppe  IB  twofold:   It  enables  the  observer  to 

■nin*  the  interior  of  the  eye  and  thus  recognize 

^MMed  oorulitions  of  the  retina;  it  is  also  u^seful 

•  delcrttng  abnomiahticM  in  the  refractive  sur- 

|»w  (d  the  eye.     The  principle  of  the  instrument 

WwrH  rrpreeented  in  the  original  form  devised  by 

BlUotUp  M  shown  schematically  tn  Fig.  138,  A. 

inftmtaxts  the  observed  eye  and  7  /  t  ho  eye  of  the 

immr.     Between  the  two  eyes  is  phvretl  a  piece 

Q^gluB  inclined  at  an  angle.     Light  from  the  oan- 

delklKng  upon  this  gloMi  in  in  part  n'Hecto<l  from 

tibr  surface  to  enter   eye   /,   and   ihi-wc    rays  on 

■■^g***f  from  the  eye  along  the  same  line  pass 

IhfQO^  the  glass  in  \iAri  and  ent«r  eye  II.     In 

r  of  the  pUne  unmlverod  ghias  it  is  now  cua- 

'  to  use  a  ooQcave  mirror  with  a  small  hole 

I  the  eenteTj  the  obsen'er's  eye  Ix'ing  plaeul 

ly  behind  this  hole.     Such  an  instrument  is 

tfMWQ  in  Fig.  137.    The  instrument  is  used  in  two 

njVy  known  as  thedirect  iind  the  indirect  method. 

Ia  the  direet  methrxl  the  mirror  In  he!<l  very  close 

lo  the  ohswverl  eye,  and  the  patlw  of  the  rays  of 

ISAX  into   and    out   of    the   eye    are   represented 

idMBfttically  in  Fig.   138,  B,     The  light  from  a 

•  from  an  electrical  bulb  placed  within  the 

»  of  theophthftlmortrope  (tig.  137)  is  caught 

I  tbe  mirror  and  is  thrown  into  the  eye,  the 

n^y*  ffwn^g  to  a  focus  and  then  8preH4ling  out  so 

■0  to  Bve  a  difTuae   illumination  of  the  fundus. 

TIbm    mtter   surface    mav  now  be    considenNl   as 

a    luiuiious  object    seni^ing    out   rays   of   light. 

Taking  any  three  objects  on  the  retina,  A^  B,  C, 

/  is  an  emmetropic  eye,  these  points  are  at  the  principal  focal  distance. 
aod  tbe  r^ys  sent  from  each  alter  emerging  from  the  eye  are  in  parallel 
bOBidka.  These  ra>'B  penetrate  the  hole  in  the  mirror  ancl  fall  into  the  ob- 
scf  vei*s  eye  as  though  they  came  from  distant  objects.  If  the  observer's  eye 
i»  also  emmetropic,  or  is  made  so  by  suitable  glasses,  these  bundles  of  rays 
wiD  be  foctised  on  his  retina  without  an  iwt  of  accommodation.  He  must,  m 
fart,  in  looking  thro»igh  the  mirror,  gaze,  not  at  the  eye  before  him,  but,  re- 
Uudn^hia  accommodation,  gaze  thnnigh  the  eye,  as  it  were,  into  the  distance. 
b  tliM  way  he  will  see  the  portion  of  the  retina  illuminated,  the  image  of  the 


Fie  137.— De  Zcnj  eteetrio 
ophthalmoKQpe.  The  electric 
UjEht  u  contained  in  the  hnmtle 
(H  tbe  iiutrunirnt  nod  Uh  liffhi 
u  eoDoentrut«^  on  the  mirror 
by  ft  IroB  M*cn  at  tbe  top  of  the 
handle.  B»ck  of  the  mirror 
ia  n  rotstins  dian  with  plun 
UMJ  miouB  len««  of  different 
powers. 


it  is  apparent  that  if  eye 
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objects  seen  being  inverted  on  hia  own  retina  and  therefore  projeeted  or  wen 
erect.  If  the  obsen'ed  eye  is  myopic  its  retina  is  farther  back  than  ilw  pro- 
cipiil  focus  of  its  refnicting  surfaces;  consequently  the  rays  sent  out  from  il* 
illuminated  retina  emerge  in  converging  bundles  and  cannot  be  focused  uo 
the  retina  of  the  observer's  eye.  Hy  inserting  a  concave  lens  of  properpourf 
betwf»en  his  eye  ftn<l  the  mirror  tlie  obser\'er  can  render  the  rays  parallel  and 
thus  bring  out  the  ima^e.  From  the  power  of  the  lens  used  the  dcpre*  of  my- 
opia may  be  e^-timaleil.  Just  the  reverse  happens  if  the  observed  eye  w 
hypermetropic.     In  such  un  eye  the  retina  Ik  nearer  than  the  principul  locd 


■-V 


File.  l'^. — Diftsranuto  reprvwDt  the  principle  of  the  ophttialmoecope:  A.  Tlrt  0^ 
Id&I  form  of  upbthiuiaoacope,  co[uii**ting  ofu  uiec«  of  glass,  Ju ,  indined  st  a  miiubkUV^ 
The  rmj'B  from  the  Bourco  of  light  are  refiectea  inlfl  the  obMrved  eye.  /,  and  ihenw  niVt* 
along  the  Mime  liaea  ija-xHiiig  thmiigh  A/  to  reach  the  obtterver'a  eye.  //.  B,  the  (bntft 
method  with  the  ophinalrno»copic  mirror.  The  ray?  uf  light  illununate  Uie  fuadiu  of  ^ 
observed  eye,  /,  and  theooe  paiw  out  in  parallel  ny».  if  the  eye  in  enuDtrtropic.  to  n**^^ 
obeerver's  eye,  //.  C.  the  ludirect  method  with  ouhtiialmoecopic  mirror  aud  "i*«''*y*fi 
leiu.  The  rays  of  tight-red  UneA  are  brouEht  to  a  iocu.<4  within  the  anterior  cbamberw ''^ 
eye  and  thence  divereo  tu  tfivf  a  KPiieral  illumiDalion  of  the  interior  of  the  eyebill.  •'* 
reluming  rmyn  of  light  are  iridii-at4>d  for  a  Hingltr  point,  b.  At  u',  b',  r'.a  real  inverttdn^ 
of  a  portion  of  the  rvtina  in  funoed  in  tbe  air,  which  in  turn  in  focused  on  the  retini  at  ^ 
obaerver'd  eye. 


diRtance  of  the  refractive  surfaoe;  consequently  the  light  emitted  from"''' 
retina  emerges  in  fitjndles  of  diverging  rays  which  cannot  l»e  brouglit  to  • 
focuM  on  the  retina  of  the  obsen'er  tmless  he  exerta  his  own  power  oi  arcffl»' 
modntion  or  interf>tisefl  a  convex  lent  betwfH»n  hia  eye  ami  the  mirmr. 

The  indxT^d  mrthtnl  of  using  the  ophthttlnioscope  is  rcpre«.'nted  in  fj- 
138,  C.  The  mirror  is  held  at  stnne  distance,  at  arm's  lenjrth.  from  tlio  oP" 
Fcrved  eye,  /,  while  jiiKt  before  this  eye  a  biconvex  lens  of  sliort  f«^*^  * 
placed.  As  shown  in  tiie  diagram  by  the  red  lines,  the  reflected  light  froff 
the  mirror  comes  to  a  focus  and  then  diverging  falls  upon  the  biconvex  l^** 
This  lens  brines  the  raj's  to  a  focus  at  or  near  the  eye,  whence  they  9pi^ 
diverge  and  hgbt  up  the  retina  with  a  diffuse  illumination.     The  Ugnt  fi^ 
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^ikvittiiu  19  in  turn  sent  back  toward  the  mirror,  it«  path  being  indic&t^  for 
I  fOt&t  h  by  ihf  bliirk  iint^A.     If  thp  cyn  Ls  cmraetropic  the  rayn  from  this 
■  t  ffnerfiv'jMraUot,  and.  falling  uixjn  the?  biconvex  lens,  are  brought  to  h 
itl  6'.     ^imilaxly  tlir  ruys  inm\  n  will  h^^  brought  to  a  fociw  at  a'  and 
tfnB<at^-     Confttxjuontly  th^n*  will  be  fomied  in  the  air  an  inverted  image. 
I  it  i«  4t  thia  image  that  the  eye  of  the  observer  fi^xps  through  the  hole  in 
[i^numir.     Thi**  image  furmrt  iti*  image  on  the  return  of  the  obrter\'cr'8  eye, 
[fliniyaaited  in  the  diagram  at  a''^  b",  c'\  and  is  projected  outwani  or  aoen 
*   irtaJ  m  regards  the  original  ix)Hitinn  of  the  point.s  in  the  retina  of  pye  /. 
tiodbret  mHhod  givest  »  larger  field  tluin  the  direct  method,  although  the 
wf*  4wn  life  of  smaller  si;,e. 

The  Retinoscope   or   Skiascope. — When    one   reflects   a   spot  of   light 

V  movement  of  the  reflecting  (plane)  mirror  is  followed  by  a 

reflected  8(>ot  in  the  8amy  direction.     i>o  if  the  fundus  of  the 

1  by  a  plane  mirror  provided  with  a  peep-hole,  the  obseiA'er 

tlu3  hole  may  see  a  epot  of  light  reflected  from  the  retina 

line  whether  the  spot  moves  in  the  same  direction  us  the 

L^iuuftt  it.     If  the  eye  under  observation  is  normal  (emmetropic), 

-  rtf  light  ntartin)^  from  the  rctimi  will  emerge  in  parallel  bundles, 

'  lies  at  the  pnncipal  focal  distance,  and  as  the  mirror  is  tilted 

t  lie  illuminated  spot  moves  in  the  same  direct  ion.      By  placing 

1-  •>t  smtable  focus  in  front  of  the  observed  eye  we  can  cause  the 

inUlel  rays  to  come  to  a  focus  and  cross  Inrfore  reaching  the  ob- 

tn  such  a  ease  the  movements  of  the  spot  of  light  u|>on  the  retina 

iiisrt  those  of  the  mirror.     For  example,  let  us  suppose  that  the 

,     ye  is  placed  just    1   meter  away  frcjm  the  eye  observed,  then  if 

•f|Mitn  front  of  the  lattera  convex  lens  oi  1.25  I),  the  emerging  rays  will  be 

(oKUKlat  a  point  25  rtm.  in  front  of   the  observer's  eye  and  the  movements 

flf  Uteipot  oi  light  will  be  against  the  mirror.      A  len.s  of  lcst«  than  1  D.  placed 


la  front  of  the  ol)9erved  eye  would  not  bring  the  rays  to  a  focus  in  front  of 
iW  observer's  rrtina.  consequently  the  movements  of  the  spot  would  be  with 


^1  tbamrror.  Aasuming  that  we  are  dealing  with  an  emmetropic  eye,  it  can 
■  b»  ibown  that  at  the  distance  mentioned  1 1  meter)  any  lens  of  less  than 
H  I  D.  placed  in  front  of  the  eye  leaves  the  movements  with  the  mirror, 
y  »falr  ^ay  lens  of  more  than  J  D.  gives  movemcntH  against  the  mirror. 
''"ri«i|urntly  a  lens  of  just  I  D.  would  mark  the  exact  "point  of  rever- 
^  With  a  lens  of  this  power  the  focus  would  fait  theoretically  just  on  the 
'er'it  retina.  In  sucn  a  case  any  movement  of  the  mirror  would  be 
by  the  ap[>earance  or  disappearance  of  the  spot,  but  no  direction  of 
It  would  w  (wrceived.  The  movements  of  tne  spot  of  light  formed 
•pOB  tlie  retina  by  the  retinoscopic  mirror  may  be  used  to  determine  all  the 
]*ioo8  sbnormalities  of  refraction  of  the  eye  according  to  the  following 
inwil  Nctiejna  :  The  observer  sits  at  a  fixed  distance,  say  1  meler,  from 
^nuient,  and  detenntnes  whether  the  reflected  spot  from  the  illuminated 
(■MJi  morei  with  or  against  the  mirror.  If  the  movement  is  with  the  mirror. 
w«i  Um  eye  under  observation  is  either  normal  or  hj'j^eropic  (or  if  myopic 
IbeiqyQpift  is  leas  than  1  D.).  By  placing  convex  lenses  in  front  of  the  eye 
thf  obwrver  aeeka  for  the  point  of  reversal.  If  this  point  is  given  by  a  lens 
of -h  to,,  then  the  eye  under  examination  is  emmetropic  ;  if  a  stronger  lens 
■  ft^UtrM  the  eye  is  hyperopie,  that  is,  the  emerging  rays  are  divergent  and 
nqaart  a  stronger  lens  to  bring  them  to  a  focus  liefore  reacliing  the  ubser\er*s 
ire.  In  the  latter  case  the  amount  of  hyperopia  is  obtained  bv  ascertaining 
tn*  strenKth  in  diopters  of  the  lens  requireti  to  just  reverse  the  movement 
aad  autHracting  1  I),  from  it.  sin(*e  the  latter  amount  is  required,  at  a  distance 
of  I  meter,  to  get  r<»ven*al  with  the  normal  eye.  If  the  reversal  isziven  by 
a  Cfwvex  lens  of  less  than  1  I).,  then  the  eye  is  myopic  to  an  extent  less*  than 
I  D.  When  the  movements  of  the  spot  of  li^ht  are  against  the  mirror 
from  th*!  beginning,  then  the  obscn'cr  is  dealing  with  a  myopic  eye  (the  myopia 
ixnni;  greater  than  I  I>.).  To  reverse  the  movement  it  ih  now  necessary  to 
piacc  cofkcave  lenses  in  front  of  the  obser\'ed  eye  until  the  point  of  reversal 
m  nNafairi,  that  U,  until  th«  focus  of  the  emerging  rays  falls  behind  the 
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retina  of  the  observer.   The  concave  lens  necessary  to  give  this  result,  phn  1 D. 
for  distance,  gives  the  extent  of  the  myopia  in  diopters.     With  astigmitie 
eyes  the  point  of  reversal  may  be  determined  for  the  different  meridiw 
of  the  eye,  the  movements  of  the  mirror  bein^  in  the  same  meridian.   Br 
the  character  of  the  reflected  spot  and  the  pomts  of  reversal  it  is  poaifab 
with  the  retinoscope  to  determine  the  principal  meridians,  and  the  dinenott 
in  refraction  between  them,  that  is,  the  degree  and  the  axis  of  the  astigmatiaL 
The    Ophthalmometer. — The    ophthalmometer    is    an    instrmnent  for 
measuring  the  curvature  of  the  refracting  surfaces  of  the  eye.    As  actually 
applied  in  practise  it  is  arranged  especully  for  measuring  the  curvatura 
ot  the  cornea  along  its  different  merimans.    The  point  for  which  the  instru- 
ment is  designed  is  to  obtain  the  size  of  the  image  reflected  from  the  convex, 
surface  of  the  cornea.    Any  luminous  object  plac^  in  front  of  the  eye  will  giv^ 
a  reflected  image  from  the  cornea  as  from  the  surface  of  a  convex  mirror  * 
If  the  size  of  the  object  and  its  distance  from  the  cornea  are  known  and  tb.^^ 
uze  of  the  corneal  image  is  determined,  then  the  radius  of  curvature  of  tt^^ 

cornea  is  given  by  the  equation  t  '^  ^  _" .,  in  which  p  represents  the  distance  c3i^ 


Fig.  1S9l — Schema  to  indicate  the  eeneral  principle  of  the  ophthalmometer:  T, 
Telescope  to  observe  the  reflected  images  from  the  comea ;  A  and  B,  the  targets  or  inirw 
in  the  shield  at  a  known  distance  apart  whose  images  are  reflected  from  the  romea ;  a 
and  6,  the  reflected  images  of  A  and  B  on  the  comea.     The  distance  a~b  has  to  be  detenuined. 

the  object  from  tlie  cornea,  {,  the  size  of  the  corneal  image,  and  o,  the  Mxe 
of  the  object.  For  example,  let  A  and  B  in  Fig.  139  be  two  luminous  areas 
arranged  on  the  arc  of  a  circle.  If  placed  in  front  of  the  comea  C  each 
will  give  a  reflected  imace  a  and  6.  which  may  be  observed  by  means  of 
the  telescope  T.  The  clistance  between  A  and  B  represents  the  site  of 
tiie  object  and  the  distance  between  a  and  6  the  size  of  the  image.  This 
latter  factor  is  determined  by  means  of  the  telescope.  A  scale,  for  in- 
stance, might  ho  placed  in  the  eye-piece  of  the  telescope  and  the  distance 
a-h  be  (leteruiined  in  terms  of  its  i^raduation.  This  valtiation  might  then  be 
converted  into  millimeters  by  substituting  a  scale  for  the  comea  and  measuring 
off  upon  it  the  observed  distance  in  the  eye-piece  scale.  If  the  arc  carrying 
AB  \ii  arranged  so  that  it  may  be  rotated  it  is  obvious  that  the  size  of  the 
corneal  images  may  be  measured  for  the  different  meridians  and  thus  enable 
one  to  compare  tlleir  curvattires.  In  modern  instruments,  such  as  is  repre- 
sented in  Fig.  140,  the  luminous  areas,  known  as  targets  or  mires,  are  placed  m  a 
spherical  shield  which  may  be  rotated  around  the  axis  of  the  telescope.  The 
snield  has  a  radius  of  curvature  of  0.35  meters  and  its  center  of  rotation  is 
approximately  coincident  with  that  of  the  cornea  when  the  eye  is  in  its 
proper  position.     The  reflected  images  of  the  mires  from  the  surface  of  the 


Fig.  140. — Ophthalmometer  (Hardy). 

?•  uhie  of  which  in  dioptere  or  in  radii  of  cur\ature  is  read  off  upon  the 
*'^inient.  The  instrumcut,  therefort,  when  unce  calibrated  enatilea  one 
^r?»(i.jff  at  once  the  radii  of  curvature  for  the  different  n»endian,«i  and  thus 
J**>one  the  axis  and  d«gree  of  asfigmatisin.  It  Hhovild  be  Sildeti  that 
'•'ftrtnunent  gives  only  the  curvatures  aud  decree  of  astigmati&m,  if  any 
■*»f  (rflhe  cornea,  and  U  therefore  of  no  irameaiate  service  in  determining 
ttaJk^  Mtigtnatism,  that  is,  the  astigmatism  of  cornea  and  lens  acting 
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THE  PROPERTIES  OF  THE  RETINA— VISUAL  STDTOII 
AND  VISUAL  SENSATIONS. 

The  Portion  of  the  Retina  Stimulated  by  Light.^^Thc  normal 
Btinmlus  to  the  serisor>'  cells  in  the  retina  is  found  in  the  \'ibrationi 
of  the  ether,  the  waves  of  light.  When  sunlight  is  passed  tliroughl 
prism  the  waves  of  different  lengths  are  dispersed,  and  those  capable 
of  stimulating  tlie  retina  form  the  visible  spectrum  extending  from 
red  to  violet.  The  limits  of  the  spectrum  are,  on  the  one  hand,  tlr 
extreme  red  rays  with  a  wave  length  of  TiKK),  measured  in  Anf- 
Strom  units  (1  An  =  loonVooo  "i"^)>  ^i^<i  oi^  ^^e  other,  tho  ei- 
treme  violet,  having  a  wave  length  of  about  3900.  The  part  d 
the  ret  in  a  stimulated  by  tliese  vibrations  is  supposed  to  be  the  layer 
of  rods  and  cones.    To  reach  these  structures  the  light  must  pass 
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Fit.  141.— Dpnion-ilnnion  <^f  blind  spot,  IrFt  eve  (StiWi  fiinire):  Hold  tlif  bl»<*li 'H 
front  of  the  left  eye  nt  a  ili^ttinL-i*  uf  u^MJut  14)  inch*!*.  Cloee  the  riKhl  eye  I'luor  • 
point  at  A  ftnd  dmw  it  bIowIv  alonR  the  (ine  A  B  (\  keepioff  the  lell  i*yf  on  thf  p«'uril 
At  a  certain  distanoo  )>ey(tnil  .-1.  for  example,  at  B,  the  vrhiic  spot  in  Ibe  black  •  irrlf  «t1 
appear  (fatl*  od  the  hlind  !tpoi ).  hut  will  reappear  when  the  pencil  point  U  niovcO  <iinbrr  ■mi- 
ward.  at  C  for  example.  Uy  iiiurking  the  potnUi  ot  which  the  white  ^pol  rlisApftmn  *ttti  i** 
u>pean  the  diameter  nf  the  tipot  ia  siren  lor  that  meridinn  nnd  ilutanrr  of  pnijcetwi^l* 
the  «ame  way  the  diameter  may  be  marked  for  the  other  moridiand  and  the  fonu  of  tht  &■■ 
vpoi  be  obtained. 


through  the  other  layers  of  the  retina.  That  the  rods  and  conc«w* 
the  structures  that  react  to  the  light  stimulation  is  indicated  by 
their  structure  and  their  connections  and  by  such  facts  as  the  folloif 
ing:  Under  certain  conditions,  whicli  are  descril>ed  Mow,  ll» 
shadows  of  the  retinal  vessels  and  the  contained  corpuscles  may  bft 
seen,  a  fact  which  indicates  that  the  perceiving  structures  lie  «• 
temally  to  these  vessels.  In  the  fovea  centralis,  in  w^hich  \nsJonis 
most  perfect,  the  layers  of  the  retina  are  thinned  out  until  practically 
only  the  rods  and  cones  remain  to  l>e  act^d  upon.    That  theoplif 
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ifBieit  thn&selves  are  not  acted  upon  by  Uglit  vrave^  is  proved 
tint  existence  of  the  blind  spot.     The  temiination  of  the  optic 
Itervc  within  the  eyebaU,  the  optic  tlisc,  lies  about  15  degrees  to  the 
iMaa]  «de  of  the  fovea  and  has  a  diameter  of  about  1 .5  nuns.     From 
ipoint  the  nerve-fibers  spread  oiit  over  the  rostof  the  optic  cup 
I  the  internal  layer  of  the  retina.   But  tlie  optic  liisc  itself  haa 
'no  retinal  structure,  and  light  that  falls  upon  it  Ls  not  perceived. 
TV  presence  of  this  blind  spot  in  our  visual  field  is  easily  demon- 
itnted  b^'  the  experiment  illustrated  and  described  in  Fig.   141, 
In  the  \*Lsual  field  for  each  eye,  therefore,  there  Ls  a  gap  representing 
the  projection  of  the  area  of  the  optic  disc  to  the  exterior,  the  size 
of  the  gap  increasing  with  the  distance  from  the  eye.    We  do  not 
Utim  this  deficiency,  inasmuch  as  it  exists  in  our  indirect  field  of 
liaoQ  (aee  below),  in  which  our  perception  of  form  is  poorly  de- 
i*Jopcd;  so  that  any  disturbance  in  outline  that  might  result  in  the 
ftlina]  image  of  external  objects  is  unperceived.     Morever,  the 
pcation  of  the  external  world  that  falls  on  the  l)Iind  spot  of  one  eye 
nay  fall  on  the  retinal  field  of  the  other,  and  lie  perceived  in  binoc- 
ibr  vision.    It  is  to  be  borne  in  mind,  also,  that  the  projection  of 
thp  blind  spot  does  not  appear  in  the  visual  field  as  a  dark  area;  it 
,  k  limply  an  absent  area,  so  that  no  gap  exists  in  our  consciousness  of 
I  the  spatial  relations  of  the  visual  field;  the  margins,  so  to  speak,  of 
tbehole  come  into  contact  so  far  as  our  consciousneft.s  Ls  concerned. 
The  Action  Current  Caused  by  Stimulation  of  the  Retina. — 
TT»  effect  of  light  waves  falling  upon  the  retina  is  to  set  up  a  series 
of  nerve  impulses  in  the  optic  ner\'e  fibers.     It  is  interesting  to 
&id  that  these  impulses  aroused  in  a  sensory  nerve  by  a  normal 
stimulus  are  attended  by  electrical  changes  similar  to  those  obser\'ed 
iooMtor  fiber?!  when  stimulated  normally  or  artificially.    The  fact 
steogthens  the  new  that  the  electrical  change  is  an  invariable  ac- 
companiment of  the  nerve  impulse,  if  not  the  ner\'e  impulse  itself. 
If  the  eye  is  excised  and  cormccted  with  a  galvanometer  or  capillary 
dectrometer  by  two  non-pobrizable  eloctrodcs,  one  placed  upon  the 
««t  end  of  the  optic  nen'c  and  the  other  on  the  cornea,  the  usual 
<lniuutation  cunxint  is  obtained  due  to  the  injur>'  to  the  optic  nerve. 
If  the  prpfiaration  is  kept  in  the  dark  and  arrangements  are  made 
U)  throw  A  light  through  the  pupil  upon  the  retina  the  galvanometer 
mdicates  an  electrical  change  or  current  whenever  the  light  is 
*<lnutted.*    The  direction  of  the  current  in  the  eyeball  is  from  the 
fundus  to  the  cornea,  and  as  regards  the  pre-existing  demarcation 
cuiTMit  it  is  in  the  same  direction  and  forms,  therefore,  a  so-called 
POativc  x-ariation.     When  the  electrodes  are  placed  on  the  longi- 
tudmal  and  the  cut  surface  of  the  optic  ner\'e.  then,  according  to 
Kiihac,  the  dectrical  response  to  light  is  a  negative  variation  similar 

•  I)f^w«nU  McKrmlrick,  **  Transact ioiw.  Roj'al  Society.  K<linhurKh,"  27, 
1873.  (kiU)h,  '*  JouTfuU  of  Physiolofcy."  2<),  388,  IM)3.  and  31,  1.  WHH. 
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to  that  described  for  stimulation  of  nerves  in  general  (p.  102).  Nol 
only  is  there  a  "light  response"  each  time  that  the  retina  is  stimih 
lated  by  light,  but  there  is  a  similar  electrical  change,  a  "duk 
response,"  when  the  light  is  suddenly  withdrawn.  This  lut 
interesting  fact  would  seem  to  indicate  a  stimulation  process  ot 
some  kind  in  the  retina  due  to  darkness — that  is,  withdnml 
of  the  objective  stimulus.  Einthoven  and  Jolly*  have  applied 
the  sensitive  string  galvanometer  to  the  study  of  this  phenome- 
non. They  find  that  the  electrical  response  of  the  illuminated 
eye,  when  photographed,  presents  a  curve  of  much  complexity, 
and  they  conclude  that  its  complexity  is  due  to  the  fact  thit 
several  different  processes  occur  together  in  the  stimulated 
retina.  They  offer  some  evidence  to  indicate  that  three  different 
processes  depending  on  the  reaction  of  three  different  substaoca 
may  be  distinguished.  These  substances  react  with  diffemit 
velocities  and  with  different  changes  in  electric  potential  to 
flashes  of  light  and  "flashes  of  darkness."  What  physiologicil 
effects  may  be  connected  with  these  three  processes  cannot 
yet  be  stated.  The  electrical  reaction  is  a  very  sensitive  one, 
lights  so  weak  as  to  be  near  the  threshold  for  the  human  eye 
give  a  distinct  electrical  change  in  the  frog's  retina,  and  an  eye 
that  has  been  kept  in  the  dark  for  some  time  (dark-adapted  eye) 
shows  an  increased  sensitiveness.  It  is  very  interesting,  also, 
to  find  that  the  frog's  retina  responds  to  a  range  of  light  vibrationJ 
that  corresponds  with  the  limits  of  the  visible  spectrum  as  seei 
by  the  human  eye.  If  the  electrical  response  is  a  true  indicatioi 
of  functional  activity,  it  would  appear  that  the  frog's  vision  he 
about  the  same  extent  as  our  own  as  regards  the  ether  wave 
of  different  periods  of  vibration. 

The  Visual  Purple  — Rhodopsin, — ^The  change  that  takes  plac 
in  the  rods  and  cones  whereby  the  vibratory  energy  of  the  etht 
waves  is  converted  into  nerve  impulses  is  unknown.  It  has  bee 
assumed  by  some  observers  that  the  light  waves  act  mechanicall 
the  wave  movements  setting  into  vibration  portions  of  the  extern 
segments  of  the  rods  or  cones,  and  that  this  mechanical  moveme; 
forms  the  direct  excitant  of  the  nerve  impulses,  f  The  genei 
view,  however,  is  that  the  process  is  photochemical, — that  is,  t' 
impact  of  the  ether  waves  sets  up  chemical  changes  in  the  rods 
cones  which  in  turn  give  rise  to  nerve  impulses  that  are  transmitt 
to  the  brain.  We  have  an  analogy  for  this  action  in  the  kno^ 
change  produced  by  light  upon  sensitized  photographic  films, 
the  retina  itself  some  basis  for  such  a  view  is  found  in  the  existen 
of  a  red  pigment  which  is  bleached  by  light.     This  interesting  d 

*  Einthoven  and  Jolly,  "Quarterly  Journal  of  Experimental  Physiology 
1  373   1908. 

t  Zenker,  "  Archiv  f.  mik.  Anatomie,"  3,  248,  1867. 
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«omy  was  made  by  Boll,*  and  the  facte  were  afterward  carefully 

I iomviigated  by  Kiihne.t     The  red  pijonent,  known  usually  as 

imni  purple  or  rhodopsin,  is  found  only  in  tht'  t-xtfrnal  scjfiiients 

rftk  rods;  the  cones  do  not  contain  it.     In  the  fovea,  therefore, 

rtkfa  has  only  cones,  the  pigment  is  entirely  absent.     The  existence 

'  tf  the  >'isual  purple  may  be  demonstrated  ver}'  ea^sily.    A  frog  is 

kiepi  for  some  time  in  the  dark;  it  is  then  killed  and  an  eye  removed 

I  tad  bisected  equatorially.     If  the  ^^t^eou.s  is  removed  from  the  poe-  ^ 

rhalf  the  retina  may  l:>e  detached  by  means  of  a  pnir  of  forceps. 

When  the  operation  is  performed  in  red  or  yellow  lights  as  in  photo- 

plptuc  work,  the  detached  retina  on  examination  by  daylight  ift 

inmd  to  be  a  deep-red  color;  but  after  a  short  exposure  it  fades 

rtpi(fl)%  finally  becoming  colorless.     If  the  iro^  before  operation 

•ere  exposed    to    strong   daylight,   the    retina    is   found  to  be 

wImImb,    a   similar  pigment    i.s  found  in  the  eyes  of  man  and 

Ihp  other  mammalia.     It  has  been  shown,  moreover,  that  a  photo- 

ppb  may  be  made  upon  the  surface  of  the  retina  by  means  of  this 

pmple.    If  the  head  of  a  rabbit  or  frog  that  has  l>een  kept  in  the 

dvkfor  some  time  is   expose<l  with  projxT  precautions  1o  the  light 

of  i  window,  for  instance,  the  part  of  the  retina  on  which  the  image 

of  the  window-lights  falls  will  Ik?  bleachcfl,  while  the  jmrts  upon 

which  tlie  image  of  the  window-bars  falls  and  the  surrounding  areas 

of  the  retina  will  retain  their  red  color.    A  figure  of  s^uch  a  retinal 

photogiaph  or  optogmm,  as  it  is  called,  is  represented  in  the  acconi- 

pM^TDg  illustration  (Fig.  142).   The  \Tsual  purple  has  been  extracted 

fiwn  the  rcnls  by  solu- 

ttoOH  of  bile  salts,  this 

whiaDce  ha\ing  the 

PowfTlo  discharge  the 

PMEiQfat  from  its  com- 

/iQiatiiin  in   the   rods 

^  Qm  same  way  as  it 

'"•chargw*  hemoglobin 

p.™lii  iU  combination 

the  rwl  rcjrpuscles. 

solutions     thus 

^  ^^rtained      are      also 

i^bvdied     upon     ex- 

PQHITP  to  light.    \Vc  have  in  the  visual  purple,  therefore,  an  un- 

*ltble  sulwtance  readily  decomposed  or  altered  by  the  mechanical 

rfrrt  of  the  ether  waves,  and  also,  it  may  l>e  said,  by  gross  me- 

duLoical  reactions,  such  as  compression;  and  there  can  be  little 

doubl  that  the  substance  plnys  an  important  part  in  the  ftmctional 


I 


142. — 0p*«irran)  In  •}•«  of  mbbit 
mal  apiieannce  of  ^hf  rvtinn  iu  tb«  nibhit'*  eye: 


Kig. 


The  no^ 
.  >:  n.  Tha 
>i>uc  n«rve;  r>.  o,  u  colorle««  strip  of 
rneOullato<l  nerve  ub«nt:  f.  k  atrip  o(  ile«per  color  »<[«- 
ratitig  Itir  li(;hi«r  uptter  from  tbe  more  heavily  pifctneuted 
lower  nortiou.     2  «dow*  tbe  optocrvn  of  a  uicijuw. 


■  BoU.  "Arrhiv  f.  I'hytiioloRio,"  IS77.  4. 
*  Kfthop,  *'l*nt*THiK'h.  II.  »1.  iihyt*iyl.   Inst.  d. 
"The  Photocheruistry  uf  the  Rotina." 


Univ.  HoiiU'lbrrK."  vol.  i, 
etc.,  tntnitlultHl  by  Foster, 
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response  of  the  rod  elements.  It  has  l>een  shown  that  pro\'ision 
exifit^s  in  the  retina  for  the  constant  regeneration  of  this  red  pigment 
It  will  be  remembered  that  the  external  segments  of  the  rods  im- 
pinge upon  the  heavily  pigmented  epithelial  cells  that  lie  between 
the  rods  and  the  choroid  coat.  From  experiments  upon  frogs'  eyes 
it  apjjears  tliat  a  portion  of  the  retina  detached  from  the  pigiwflt 
cells  nnd  bleached  by  the  action  of  liarht  is  not  able  to  regeneratoiti 
visual  purple  \mtil  again  laid  back  upon  the  choroid  coal.  This 
regeneraUng  infhience  of  the  bhick  pigmented  cells  may  be  ctrth 
nected  with  another  interesting  relation  that  they  exhibit.  Under 
nonnal  conditions  delicate  processes  extend  from  these  cells  ftiui 
penetrate  between  the  rods  and  cones.  When  the  eye  is  expofwi. 
to  light  the  lilack  pigment  migrates  along  these  processes  as  farevea 
as  the  external  limiting  membrane,  and  it  is  possible  tlmt  thisy^ 
rangement  may  be  useful  in  obviating  diffuse  radiation  of  light 
from  one  rod  to  another.  When  the  eye  is  kept  in  the  dark,  howe^tr, 
the  pigment  moves  outwardly  and  collects  around  the  extenal 
segments,  where  the  process  of  regeneration  of  the  visual  purple  is 
taking  place.  Further  evidence  that  the  visual  purple  is  connected 
with  the  irritabihty  of  the  rods  toward  light  stimulation  is  shown 
by  the  fact  that  when  it  is  exposed  to  the  different  rays  of  the  sptt- 
tmm  the  absorption  of  light  is  greatest  in  that  part  of  the  spefr 
trum  (green)  which  appears  the  brightest  in  vision  when  earned  out 
under  such  conditions  as  may  i>e  supix»sed  to  involve  the  sctintT 
chiefly  of  the  rods  (see  below  for  these  conditions).  It  is,  however, 
}x*rfectly  obvious  that  visual  purple  is  not  essential  to  vision.  Ibe 
fact  that  it  is  absent  from  the  fovea  centralis  is  alone  sufficieDt 
proof  of  this  statement.  Moreover,  it  seems  to  be  absent  enuffly 
in  the  eyes  of  some  animals;  for  instance,  the  pigeon,  hen,  some 
reptiles,  and  some  bats.  The  most  attractive  view  of  the  function 
of  the  \asuai  purple  is  that  it  serves  to  increase  the  delicacy  of  n^ 
sponse  or  irritability  of  the  rods  in  dim  light-s, — a  view  that  Is  ex- 
plained in  more  detail  in  the  paragraph  below,  dealing  with  thesup- 
pt>9ed  difference  in  function  between  the  rods  and  cones. 

The  Extent  of  the  Visual  Field— Perimetry  .—By  the  visual  fieU 
of  each  eye  is  meant  the  entire  extent  of  the  external  world  wbiA 
when  the  eye  is  fixed  fonus  an  image  upon  or  is  projected  upon  thoj 
retina  of  that  eye.  From  what  has  been  said  previously  rrgardttg; 
the  dioptrics  of  the  eye  it  is  obvious  that  the  visual  held  is  invcitrf, 
upon  the  nnina,  and  that ,  therefort^  objects  in  the  up|)er  visuJil  fw^I 
fall  ufxin  the  lower  half  of  the  retina,  and  objects  in  the  right  hw 
of  the  \isual  fiehl  fall  upon  the  left  half  (>f  the  retina.  A-ssuniin^ 
that  the  retina  is  sensitive  to  light  up  to  the  ora  .serrata,  it  id  evi- 
dent that  if  the  eye  were  protru<led  HufHcienlly  from  its  orlnt  I* 
projected  visual  field  when  represented  upon  a  flat  surface  wo*^ 
have  the  form  of  a  circle,  the  center  of  wliich  would  corrcspoi 


rtovea  ccnlmlis.  As  a  nuitU'r  of  fact,  the  configuration  of  the 
tee  16  such  as  to  cut  off  a  consitlerable  part  of  this  fieki»  in  any 
ud  potation  of  the  eyes,  and  to  ^ve  to  the  field  as  it  actually 
DBtoftn  irregular  (mthne.  The  bridge  of  the  nose,  the  projerting 
jrrtvows,  and  cheek  hones  8er\'"e  to  thus  iiniit  the  field;  an<i,  in 
dditJua,  Uie  sensitivity  of  the  peripheral  portion  of  the  retina 


The  setnicircular  b&r   may  b«  pIaoc<i  in  any  meridiko.     A 

,  nwved  Uonc  the  bar  from  without  in  until  it  U  jiint  perceived.  Ttte 
r  ftl  which  thifl  occurs  i»  marked  off  oti  the  correspondiBg  meridian  on  the 
lliaiK  «l  %hm  left  of  the  figure.  The  eye  examine«l  ka»bs  over  the  top  of  the  vertif^al 
*l Ik* Hgbt  •!  ft  fi Ked  point  in  the  tniddio  of  the  aeintcircuUr  bar. 

gr  not  extend  equally  far  toward  the  ora  ^errata  in  tlifferent 
M  or  in  different  ineridiani*  of  the  same  eye.  To  obtain  the 
ci  outline  anfl  extent  of  the  visual  field  in  any  given  case  it 
mly  rre<'es«ary  to  keep  the  eye  fbced  and  then  to  move  a  small 
ert  in  the  different  meridiam*  and  at  the  same  distance  from 
fye.  The  limits  of  \ision  may  be  obtained  in  this  way  along 
h  mpritlian  and  the  results  coTnl)ine<I  upon  an  appropriate 
il-  An  instrunjent,  the  perimeter,  has  been  devise<l  to  facilitate 
-^  of  chartin>;the  visual  field.  It  lia-sbeen  given  anuniber 
t  forms, one  of  which  is  illustrated  in  Fig  143.  ThcshajMJ 
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of  the  visual  fit^l<ls  in  tho  woruial  oye  is  represent^  in  FIr.  144. 
The  determination  of  the  visual  fields  is  of  espoeial  importancf  in 
cases  of  brain  lesions  involving;  the  visual  area  in  the  oncipital loW 
The  extent  and  jKjrtion  of  tlie  retina  aiTected  may  l>c  used  toaidu 
locating  the  seat  of  the  lesion.  For  physiological  and  for  clinirat 
purposes  it  is  necessary  to  distinjriiiph  between  the  central  (or  direct) 
and  the  peripheral  (or  indirect)  fields  of  vision.  The  former  tena 
is  meant  to  refer  to  that  portion  of  the  field  which  falls  upon  thf 
fovea  centralis;  in  other  words,  it  is  the  projection,  in  any  fixwl 
position  of  the  eye,  of  the  fovea  into  the  external  world.  Tbe 
peripheral  field  refers  to  the  rest  of  the  visual  field  which  is  pro- 
jected upon  the  retina  outside  the  fovea.  As  a  matter  of  fact,  all 
of  our  distinct  and  most  useful  vision,  in  the  daytime  at  least,  is 
effected  through  the  fovea.  When  the  eye  is  kept  fixed,  the  small 
portion  of  the  external  world  that  falls  upon  the  fovea  is  seen  S^ 
tinetly.      All  the  rest  is  seeji  more  or  leas  indistinctly  in  proportion 
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FlB.  144. — Perimeter  elurt  to  ahow  tbe  field  of  vUion  for  ■  rinht  eye  when  ker>l  tn  i  tli' 

poditioi). 

to  the  distance  of  its  retinal  image  from  the  fovea.  In  using  (wr 
eyes,  therefore,  we  keep  them  continually  in  motion  so  as  to  bring 
each  object,  as  we  pay  especial  attention  to  it,  into  the  field"' 
central  vision.  The  line  from  the  fovea  to  the  point  looked  at  tf 
designated  as  the  line  of  aighi  or  visual  axi-«.  The  area  of  the  fov«a 
is  quite  small.  The  measurements  given  by  different  observci* 
vary  somewhat,  esiw^cially  as  in  some  cases  the  measurements  art 
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1  for  the  bottom  of  the  depression,  the  fundug,  and  in 
lor  the  diameter  from  edge  to  e<ige.  The  average  diameter 
ly  given  as  lying  between  0.3  and  0.4  mm.  Lines  drawn 
hmlhe  e«d^  of  this  diameter  to  the  no<lal  point  of  the  eye  sub- 
tad  in  angle  of  1  degree  to  1.5  degrees;  and,  therefore,  all  objects 
in  the  external  world  around  the  line  of  sight  whieh  He  within  tliis 
mial  angle  are  ronipri.si'd  in  the  central  field  of  vision,  and  their 
iMiiuJ  inuige«  fall  ujxtn  the  fovea.  ruilatpral  lesions  of  one 
•edpHal  lobe  eau^M'  half-hlinilness  (honiianupia)  in  the  retinas  on  the 
luwnde, — that  is,  lesions  in  the  right  occipital  lot»e  cause  blind- 
in  of  the  right  halves  of  the  retinas,  while  injuries  to  the  left 
'  il  lobes  are  accompanied  by  loss  of  vision  on  the  left  sides 
T'-tinas  (s<»e  p.  207);  but  such  unilateral  lesions,  it  is  stated, 
do  not  involve  the  central  field  of  Nnsion^only  the  peripheral 
portion  of  the  field  is  afTeeted,  In  connection  with  its  sfK?ciaI 
functionft  in  vi.-«ion  the  fovea  centralis  possesses  a  peculiar  struc- 
ture'. It  forms  a  shallow  ilcpression  in  the  center  of  the  retina 
dci^ribwi  by  some  authors  as  elliptical,  by  others  as  circular  in  out- 
iii»r.  In  the  center  of  the  fovea  lies  a  smaller,  very  shallow  depres- 
jBoa  ^ken  of  as  the  foveola.  The  diameter  of  the  fovea,  as  stated 
ibove,  18  estimate  differently  by  different  authors.  While  meas- 
ttwnent*  on  preserved  six*eimens  give  the  lilaraeter  as  0.2  to 
ti.4  mm,,  ophthalmoscopic  examination  seems  to  indicate  tliat  in 
tbefreeb  state  it  may  l>e  larger.  According  to  Fritsch,*  the  fundus, 
mkooed  from  the  j»oint  at  which  the  depression  l>egins,  has  a  diam- 
•ttrof  0.5  to  0.75  ram.  Within  the  fovea  cones  only  are  present, 
wd  iheae  oooes  are  longer  and  m*:)re  slender  {diameter,  0.002  nmi.) 
tlaain  the  rest  of  the  retina.  Moreover,  the  tliickness  of  the  retina 
i*  much  reduced  in  the  fovea,  whence  arises  the  depression.  At 
*lu»  point  the  cones  are  practically  exposed  directly  to  the  light, 
*mis  in  other  parts  the  light  must  jx^netrnte  the  otlier  layers 
^oiB  peaching  the  rods  and  cones.  Lying  around  the  fovea  is  an 
****  &bout  6  mm.  in  diameter,  of  a  yellowLih  color,  and  hence 
wown  :ls  the  macula  lutea.  The  portion  of  the  visual  field  falling 
Upwi  this  area,  in  a  fixed  position  of  the  eye,  is  sometimes  calletl  the 
■ttcular  field.  According  to  .some  observers  f  the  yellow  color  of 
tte  niflcula  is  due  to  |x)st-mortem  changes. 

VisuAl   Acuity. — The  distinctness  of  vision   or   the  resolving 
power  of  the  eye  varies  greatly  in  different  parts  of  the  retina. 
It  may  be  measured  for  the  fovea  by  brinfpng  two  fine  lines  closer 
and  clo^T  together  until  the  eye  is  unable  to  se<'  them  as  two  dis- 
tinct objects    MeAsured  in  this  way,  it  is  usually  stated  that  when 
distance  between  the  lines  subtends  an  angle  of  1   minute 
•eoonds)  at  the  eye,  the  Umit  of  resolvability  is  reached.     This 

rh.  *'Sit2Unpiberichte  d.  kdnig.  Akad.  d.  Wisfl.,"  Berlin,  1900. 
,  ^Skanainavifichea  Archiv  f.  Physiol.,"  1906,  17,  306. 
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angle  on  the  retina  comprises  an  area  of  about  0.004  mm.  in  d 
eter,  sufficient  to  cover  two  cones  in  the  fovea.  A  simpler  me 
to  ascertain  the  size  of  a  just  perceptible  image  on  the  retina 
use  a  black  spot  upon  a  white  background.  At  a  sufficient 
tance  this  object  will  be  invisible,  the  white  margins  sepai 
by  the  diameter  of  the  black  spot  fuse  together,  but  if  bro 
closer  to  the  eye,  the  spot  will  be  just  distinguishable  at  a  ce 
distance.  The  diameter  of  the  spot  being  known,  and  its  disi 
from  the  eye,  the  size  of  the  retinal  image  may  be  calcul 
Using  this  method,  Guillery*  estimated  the  diameter  of  the 
perceptible  retinal  image,  or,  as  it  has  been  appropriately  « 
2Ae  physiological  'point,  at  0.0035  mm.  These  estimates  apply 
to  the  fovea,  and,  indeed,  to  the  central  part  of  the  fovea 
foveola.     Numerous  authors  have  called  attention  to  the  fact 
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Fig.  145. — Curve  to  show  the  relative  acuity  of  vision  in  the  central  and  periplMi 
and  in  the  liffht-ndupted  and  the  dark-adapt&d  eye. — {Koeiter.)  The  full  line  re 
the  relative  acutenesw  of  vision  in  the  eye  exposed  to  usual  illumination.  From  the  c 
the  fovea,  0*,  the  acuity  of  vLtion  falls  mpidly  at  first  and  then  more  slowly  as  oiw  pai 
ward  into  the  ppripherat  fifld.  The  dotted  line  represents  the  acuity  of  visioii  in  dii 
The  fovea,  under  this  latter  condition,  is  leiis  sensitive  than  the  parts  of  the  retina  at  an 
distance  of  10*  or  oven  tiO"*. 

visual  acuity,  as  measured  by  the  least  distance  at  which  tw 
jeets  may  be  seen  separately,  varies  with  the  intensity  of  illui 

*  Guillery,  "Zoitschrift  f.  Psychologic  u.  Physiol,  d.  SiBneeorganc 
243,  18%. 
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Urn.  The  estimates  Riven  are  for  ordinary  room  hglit.  OuUof- 
flo(ir«.  &nd  f^p^M'iaily  in  the  case  of  persons  who  livi*  hiiMtunlly 
■louuioor  life,  visual  acuity  or  the  power  of  visual  discriioinatiim 
'Btnued.  We  niay  l)elieve  that  under  the  most  favorable  con- 
dMottof  iUuniiuation  and  contrast  we  can  resolve  two  4>hjects 
inuigce  on  the  fovea  are  separated  by  a  distance  about  etjual 
toth**  ()iameter  (0.002  mm.)  of  a  single  cone.  The  acuity  of  vision 
tiw?k  not  vary  p-eatly  throughout  the  fovea;  any  object  whose 
minal  \m&f;e  falls  well  within  the  fovea  can  be  seen  quite  dis- 
fuwtly  in  all  of  its  parts  wlien  the  eye  is  fixed  for  the  center  of  the 
4bject.  This  is  the  case,  for  instance,  with  the  moon.  Neverthe- 
iti  looking  at  such  an  object  as  the  moon  the  eye,  to  make  out 
ill',  will  fixate  one  point  after  another,  showing  that  for  most 
ifistinct  vision  we  use  probably  only  the  center  of  the  fovea.  As 
•epMsout  from  the  fovea  into  the  peripheral  field  of  vision  the 
iwity  of  \-ision  diminishes  ver>'  rajjidly,  so  that  at  20  degrees,  for 
i&rtaace,  from  the  cent-er  of  the  fovea  the  retinal  images  must  be 
•ptnted  by  a  distance  of  0.035  mm.  in  onier  to  be  recognized 
■  (fistinct;  a  distance  ten  times  as  great  as  is  necessary  in  the 
On  this  account  our  vision  in  the  peripheral  field  is  very 
ict, — details  of  form  cannot  l>e  clearly  perceived.  The 
ily  with  wliich  \isual  acuity  diminishes  as  we  pass  outward 
the  fovea  is  indicated  by  the  curve  given  iji  Fig.  145.  In  all 
eiow  work,  therefore,  we  keep  our  eyes  moving  continually  so  as  to 
bd&gtme  point  after  another  into  the  center  of  the  fovea,  as  Is  well 
iurtntted  by  the  act  of  reading.  If  the  eye  is  kept  fixed  upon  the 
Bestnl  letter  of  a  long  woni,  only  one  or  two  letters  on  each  side 
no  be  made  out  distinctly  in  spite  of  the  fact  that  with  such 
bnttfiar  objects  we  can  guess  the  letter  even  when  the  image  is  not 
tttWy  distinct.  In  ophthalmological  practice  the  acuity  of  vision 
(notnl  vision)  is  measured  usually  by  test  letters  whose  size  is 
■leh  that  at  the  distance  at  which  they  are  road — flay,  6  meters  (20 
the  practical  far  i)ointat  which  no  accommodation  is  needed — 
btends  at  the  eye  an  angle  of  5  minutes.  An  eye  that  can 
the  letters  at  this  tlistancc  is  said  to  be  normal;  one  that 
them  only  at  a  smaller  distance  or  at  the  given 
requires  letters  of  larger  size  has  a  subnormal  acuity  of 
If,  for  instance,  an  individual  at  20  feet  can  read  only 
letters  that  the  nonnal  eye  can  distinguish  at  100  feet  his 
acuity,  V.  is  equid  to  t^o^'j. 

tation  between  the  Amount  of  Sensation  and  the  Intensity 
the  Stimulus— Threshold  Stimulus. — With  the  8ensor>'  as  with 
r  nerves  we  may  distinguish  between  various  degrees  of  sub- 
stimulation.    The  stronger  tlic  stimulus,  the  stronger  the 
—that  is,  in  the  case  of  the  optic  nerve,  the  visual  sensation. 


■ 
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The  end  reaction  of  the  activity  of  a  sensory  nerve  is  a  state  of  cod-  ] 
sciousness.     The  variations  in  magnitude  of  this  state  can  not  bi 
measured  with  objective  exactness,  they  must  be  judged  subjective 
by  the  individual  concerned.     A  stimulus  too  weak  to  give  » i^ 
sponse  with  a  motor  nerve  is  usually  designated  in  physiology  H 
subminimal;  a  similar  stimulus  with  sensory  nerves  is  frequok^ 
expressed  by  the  equivalent  term  subliminal, — ^that  is,  below  ths 
threshold.    So  a  stimulus  just  strong  enough  to  provoke  a  peroqh 
tible  reaction  is  the  minimal  stimulus  for  efferent  nerves  and  ths 
threshold  stimulus  for  sensory  nerves.     Inasmuch  as  the  variations 
in  the  intensity  of  consciousness  can  not  be  adequately  measured, 
it  is  customary,  in  studying  the  relations  of  the  strength  of  stimuhi 
to  the  conscious  response,  to  pay  attention  to  the  strength  of  stimu- 
lus under  any  given  condition  which  is  sufficient  to  arouse  a  ]VA 
perceptible  difference  in  the  conscious  reaction.      Proceeding  upon 
this  method,  it  is  found  in  the  case  of  the  visual  sensations  and  tiie 
optic  nerve,  as  with  other  sensations  and  their  corresponding  nervcfl, 
that  the  increase  of  stimulus  necessary  to  cause  a  just  perceptible 
change  in  consciousness  varies  with  the  amount  of  stimulus  already 
acting.    If,  for  instance,  the  retina  is  being  stimulated  by  a  li^tol 
1  candle  power  an  increase  of  illumination  to  1.1  candle  power  may 
make  a  perceptible  difference  in  sensation.    But  if  the  retina  is 
being  illuminated  by  a  light  of  10  candle  power  an  increase  to  10.1 
candle  power  would  probably  make  no  p>erceptible  difference.    Fol 
a  certain  range  of  stimulation,  in  fact,  it  has  been  stated  that  the 
increase  in  stimulus  must  be  a  constant  fractional  part  of  the  stimtt' 
lus  already  acting.    That  is,  in  the  hypothetical  case  given,  if,  with 
1  candle  power,  an  increase  to  1.1  candle  power  makes  a  just  per- 
ceptible difference  in  consciousness,  then  with  10  candle  power  ao 
increase  of  -^r  of  the  acting  stimulus,  namely — 1  candle  power — ^will 
be  necessarv^  to  cause  a  perceptible  difference.    The  relation  as 
expressed  in  this  form  is  known  as  Weber's  law ;  but  it  seems  prob- 
able that,  while  the  general  fact  is  true,  this  exact  expression  of  it 
holds  only  approximately  for  an  intermediate  range  of  stimulation. 
In  this  matter  of  a  threshold  stimulus    the    sensitiveness  of  the 
retina  shows  also  certain  interesting  differences  in  the  foveal  as 
compared  with  the  peripheral  field.    The  difference  is  especially 
marked  when  the  reaction  of  the  retina  in  strong  lights  is  compared 
with  its  reaction  in  dim  lights. 

The  Light-adapted  and  the  Dark-adapted  Eye, — Tlie  con- 
dition of  the  retina  changes  when  after  exposure  to  light  it  is  sub- 
mitted to  darkness,  the  change  being  most  marked  in  the  peripheral 
field.  When  one  passes  from  daylight  into  a  dark  room  vision 
at  first  is  very  imperfect,  but  after  some  minutes  it  rapidly  im- 
proves, "as  the  eye  becomes  accustomed  to  the  dark."    The 


itu^  is  knoHD  as  an  adaptation,  and  in  this  respect  the  retina 
Mxn  from  the  wnsitivo  pholOKniphif  plat^.  Comparison  of  the 
tkmkold  stimuhis  for  diiTorent  parts  of  the  retina,  in  an  eye 
Bpoied  ahemutoly  to  darkness  and  to  liRht,  has  sitown  that 
h  the  dark  the  sensitiveness  in  the  peripheral  field  increases 
ly  during  an  hour  or  so.  while  that  of  tlie  foveal  field  is  rippar- 
unchangeil.  With  such  a  dark-adapted  eye.  therefore, 
»ill  \ie  a  certain  dim  light  which  will  be  seen  by  the  per- 
parts  of  the  retina,  but  perhaps  will  cause  no  reaction 
the  fovea.  For  such  a  degree  of  light,  therefore,  the  fovea 
VQoldbe  blind.  This  general  fact  has,  indeed,  long  W^m  known. 
Aqrone  may  notice  in  late  twilight,  when  the  stars  are  beginning 
tttppeer,  thai  a  ven*  faint  star  may  disappear  when  kjoked  al, — that 
biwhen  its  image  is  brought  upon  the  fovea  ;to  see  it  one  must  direct 
tuaeyfta  a  little  to  the  side,  so  as  to  bring  its  in»ugc  into  the  periph- 
enlfitlil.  This  greater  sensitiveness  of  the  dark-a<iapted  eye  in 
tb  prriplieml  tiekl  where  the  rods  prcrlf»niinate  over  iho  rones  seems 
to l» awociaied  witli  the  movement  of  the  pigment  in  the  pigment 
epithrlium  (see  above)  and  the  residling  regeneration  of  the  visual 
r^rple  in  the  external  segmenti^  of  the  rods.  The  increase  in  the 
vinuftl  puiple  in  the  dark  may.  imleed.  account  for  the  increased 
Mwitiiiflifii  to  light  in  the  rod-region  and  explain  why  a  similar 
fftib  to  occur  in  the  fovea,  wheit*  only  cones  are  present. 
curve  given  in  Fig.  145  shows  that  in  the  dark-adapted  eye 
threshold  of  vision  in  the  peripheral  field  may  Ix?  lower  than  in 
lovea.  In  accordance  with  these  facts  von  Kries*  has  suggested 
tfcit  the  rods,  the  peripheral  field  of  the  retina,  are  especially 
idiptfd  for  vi.saon  in  dim  Ughts,  night  vision,  while  the  cones  are 
ttpwiaily  adapted  for  vision  in  strong  lights,  day  vision.  This 
patnl  fact  will  |)erhaps  acconl  with  the  exix^rience  of  anyone  who 
Ittonpto  to  estimate  the  value  of  his  |)eripheral  vision  in  dim 
Ugbtlight  as  compared  with  daylight.  Other  interesting  differ- 
in  the  reaction  of  the  light-adapted  and  the  dark-adapted 
are  referred  to  below  in  connection  with  color  blindness. 


\crERisncs  of  the  visual  sensations. 

addition  to  the  8|mtial  attributes  connected  with  our  visual 
__  -tliat  is,  the  perception  of  form — ihey  are  characterized 
I  properties  which  may  be  described  in  general  as  variations 

9  iDtensity  and  in  quality. 

Luminosity   or   Brightness. — That  characteristic  which  we 

leaoibe  as  the  luminosity  or  brightness  of  a  \Tsual  sensation  lias 

'     *  Voo  Kries,  "Zeitaclirift  f.  Psychobgic  u.  Physiologie  d.  SinDesorsane," 
^81.1805. 
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been  defined  diflFerently  by  various  writers.  We  may  condder  i 
ho\YGVor,  as  the  expression  of  the  intensity  of  the  aetinfz  ^stimuli] 
Sensations  of  the  siitne  quuUty  are  easily  compared  as  regards  th« 
brightness.  We  can  tell  as  between  two  whites  or  two  greens  wbii 
is  the  brighter  of  the  li\'o,  but  when  two  different  quaUties— a  n 
jind  a  green  sensation,  for  instance — are  compared  our  subjectr 
determination  of  the  relati\e  brightness  is.  for  most  persons,  diffia; 
or  impossible  to  make.  To  a  lesser  degree  the  chfhcuk)'  is  sirail 
to  that  of  the  comparison  of  sight  and  sound.  According  to  tl 
conception  adopted  here,  however*  tlmt  the  brightness  is  an  6 
pression  of  the  intensity  of  the  stimulus,  an  objective  standard 
comparison  might  be  obtained  by  measuring  the  reJ^^dtiIlg  action  ci 
rents  in  the  optic  nerx-e  fillers.  When  the  spectral  colors  are  fl 
amined  it  is  obvious  that  some  of  the  colors  are  brighter  than  otba 
the  extreme  red  and  extreme  violet,  for  instance,  possessing  litl 
luminosity  p^  compared  vdth  the  yellow.     I'he  relative  brightn 
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FiK.  146. — Diaer&m  f^nwing  the  distribution  of  tb«  intcnaity  of  Uie 
:  the  wave  lengths  fr 
distribution   of    relative   briKbtnew  with   changes  in   decree  or  illumioatioo. 


pendent  upon  tbeueffree  of  illumination 
the  numeroU  giving  the  wave  len0he 
the  luminofity  of  the  differpnt  colors, 


The  ppectrum  ii  repreeentad  kIook  1 
the  wave  lengths  from  red,  070,  to  violet,  4:W.      Tb«  or__ 
Kight  curves  are  given  to  iihow  the  < 


grwtest  iiiuinination   the  mexiiQum  bnghtne«M  i5  in  the  yellow  (0O&^25);  vHh  «4 
fllaminati  


ation  it  shifts  to  the  green  (535).— <iC^ttf. ) 


of  the  different  spectral  colors  is  found  to  vary  with  the 
illumination,  as  shown  in  the  curves  given  in  Fig.  146. 
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only  for  the  parts  of  the  retina  lying  outsirle  the  fovea. 

for  the  periphenil  field.  As  the  li^ht  piows  dimmer  the 
ion  of  blue  Is  lost  first  in  the  fovea,  so  ttiat  with  a  certain 
588  of  illuniinatioii    the   central   field   becomes  blue-blind. 

very  feel>le  illumination  the  dark-ndaptetl  eye  bccomefi 
dly  totally  color  blind. 

lities  of  Visual  Sensations. — The  different  qualities  of  our 
nsations  may  be  arranged  in  two  scries:  an  achromatic 
insisting  of  white  and  black  and  the  intermediate  grays, 
chromatic  aeries,  comprising  the  various  spectral  coKirs, 
r  with  the  purples  made  by  combtnati<rn  of  the  two  ends 
pectrum,  red  and  blue,  and  the  colors  obtained  by  fusion  of 
rtral  colors  with  white  or  with  black,  such,  for  instance,  as 
»  and  browns. 

Achromatic  Series, — Our  standard  white  sensation  is  that 
by  sunlight.  Objects  reflecting  to  our  eye  all  the  visible 
the  sunlight  give  us  a  white  sensation.  This  sensation, 
e,  is  due  primarily  to  the  combined  action  of  all  the  visible 
the  spectrum,  each  of  w^hich,  taken  separately,  w^oidd  give 
or  sensation.  White  or  gray  may  be  produced  also  by  the 
d  action  of  certain  jxiirs  of  colors, — complementary  colors, — 
scribed  below,  iilack,  on  the  contrary,  is  the  sensation 
jy  withdrawal  of  light.  It  must  \)e  emphasized  thnt  in 
see  black  a  retina  must  l>e  present.  It  is  probable  that 
I  with  both  eyes  enucleated  has  no  sensation  of  darkness, 
ick  is  a  sensation  referable  to  a  comiition  of  the  retina  is 
X)bable  also  by  the  interesting  observations  recorded  by 
—namely,  that  when  an  eye  that  has  been  exposed  to  light 
ily  cut  off  from  the  iight  there  is  an  electrical  change  in  the 
J^l^jesponse,  giniii^r  to  that  caused  by  throwing  light  on 
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thus  the  olives  of  different  shades  may  be  considered  as  oombioft' 
tions  of  green  and  black  in  varying  proportions. 

The  chromatic  series  consists  of  those  qualities  to  which  we  pn 
the  name  of  colors,  and,  as  stated  above,  they  comprse  the  spectnl 
colors,  and  the  extraspectral  color,  purple,  together  with  the  li(^ 
weak  and  light-strong  hues  obtained  by  combining  the  colon  vith 
white  or  black.  In  the  spectrum  many  different  colors  may  be 
detected, — some  observers  record  as  many  as  one  himdred  and 
sixty, — ^but  in  general  we  give  specific  names  only  to  those  that 
stand  sufficiently  far  apart  to  represent  quite  distinct  sensations,— 
namely,  the  red,  orange,  yellow,  green,  blue,  and  violet.  Whea 
light  is  taken  from  a  definite  limited  portion  of  the  spectrum  ve 
have  a  monochromatic  light  that  gives  us  a  distinct  color  sensatkn 
varying  with  the  wave  length  of  the  portion  chosen. 

Color  Saturation  and  Color  Fusion. — ^The  term  saturation  u 
applied  to  colors  is  meant  to  define  their  freedom  from  accompany- 
ing white  sensation.  A  perfectly  saturated  color  would  be  oot 
entirely  free  from  mixture  with  white.  On  the  objective  side  it  is 
easy  to  select  a  monochromatic  bundle  of  rays  from  the  spectrum 
without  admixture  of  white  light,  but  on  the  physiological  side  it  is 
not  probable  that  the  color  sensation  thus  produced  is  entirely  free 
from  white  sensation,  since  the  monochromatic  rays  may  initiate 
in  the  retina  not  only  the  specific  processes  underlying  the  pro- 
duction of  its  special  color,  but  at  the  same  time  give  rise  in  some 
degree  to  the  processes  causing  white  sensations.  Even  the  spectial 
colors  are  therefore  not  entirely  saturated,  but  they  come  as  near 
to  giving  us  this  condition  as  we  can  get  without  changing  the  state 
of  the  retina  itself  by  previous  stimulation. 

Color  Fiisio7}. — By  color  fusion  we  mean  the  combination  of  two 
or  more  color  processes  in  the  retina,  this  end  being  obtfdned  by 
superposing  ujx)n  the  same  portion  of  the  retina  the  rays  ^ving 
rise  to  these  color  processes.  It  must  be  borne  in  mind  that  color 
fusion  upon  the  retina  is  quite  a  different  tning  from  color  mixture 
as  practised  by  the  artist.  A  blue  pigment,  such  as  Prussian  blue, 
for  instance,  owes  its  blue  color  to  the  fact  that  when  sunlight  falls 
upon  it  the  red-yellow  rays  are  absorbed  and  only  the  blue,  with 
some  of  the  green,  rays  are  reflected  to  the  eye.  So  a  yellow  pig- 
ment, chrome  yellow,  absorbs  the  blue,  violet,  and  red  rays  and 
reflects  to  the  eye  only  the  yellow  with  some  of  the  green  rays.  A 
mixture  of  the  two  upon  the  palette  will  absorb  all  the  rays  except 
the  green  and  will  therefore  appear  green  to  the  eye.  If,  however, 
by  means  of  a  suitable  device,  we  throw  simultaneously  upon  the 
retina  a  blue  and  a  yellow  light,  the  result  of  the  retinal  fusion  is 
a  sensation  of  white.  Many  different  methods  have  been  employed 
to  throw  colors  simultaneously  upon  the  retina,  the  most  perfect 
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of  lenses  or  mirrors  by  which  diiferent  portions  of 

I  ?p«rtruni  can  be  superposed.    The  usual  device  employed  in 

ator>' experiments  is  that  of  rotation  of  disrs  of  colored  paper, 

lEichdiK*  has  a  slit  in  it  from  center  to  |>eriphoiT  so  titat  two  disca 

I  be  fitted  together  to  expose  more  or  less  of  each  color.     If  a 

Iwnhination  of  this  kind  is  attached  to  a  small  electrical  motor  it 

ffu  be  rotated  so  rapidly  that  the  impressions  of  the  two  colore 

I  ipoQ  the  retina  follow  at  such  a  short  interval  of  time  as  to  be  prao- 

I  tiaJly  simultaneous. 

The  Fundamental  Colors. — By  the  methotls  of  color  fusion 
Liicia  be  shown  that  three  colors  may  be  selected  from  the  spec- 
Ilium  whose  combinations  in  diffei-ent  proportions  will  give  white, 
Ivriay  of  the  intermeiliate  color  shades,  or  purple      Considered 
I  purely  objectively,  a  set  of  three  such  colors  may  be  designated 
[M  the  fundamental  colors,   and  red.  yellow,   and  blue,  or  red, 
{|nai,  and  violet  have  been  the  three  colors  selected.     On  the 
Iphjwological  side,  however,  it  has  been  assumed  that  there  are 
more  or  less  independent  color  processes — photochemical 
-in  the  retina  which  give  us  our  fundamental  color  sen- 
[lMk>ltt,and  that  all  othercolorsensutions  are  combinations  of  these 
Dsaes  in  varying  proportions  with  each  other  or  with  the  proc- 
Mieausin?  white  and  black.     Referring  only  to  the  colors  proper, 
*l«  fundamental  color  sensations  accordinc  to  some  views  are  red, 
f^m,  and  blue  or  violet;  according  to  others,  they  are  red.  yellow, 
PWD,  and  blue.     (See  paragraph  on  Theories  of  Color  Vision.) 

Helinholix  calla  attention  to  the  fact  that  the  namee  used  for  these  fundn- 
ttntal  color  senBationa  are  obviour^ly  of  ancient  onK'in,  thus  indicniinf:  that 
tbr  dUfercnoe  in  quality  of  the  sensations  has  been  long  recognised.  Hed  ia 
fnm  the  Sanskrit  rudhira,  l>lnod;  blue  from  the  Baiiie  root  as  blow,  and  re- 
in to  the  color  of  the  air;  green  from  the  same  root  as  grow,  referring  to  the 
color  of  vefetatioQ.  Yellow  seems  to  be  derived  from  the  same  root  as  gold, 
vflieh  typified  the  color.  The  other  less  ditstinct  <)ualitiea  have  names  of 
necnt  appGcation,  mich  as  orange,  violet,  indigo  blue,  etc. 

Complementary  Colors. — It  has  been  found  by  the  methods  of 
eotor  ftision  that  certain  pairs  of  colors  when  combined  give  a  white 
(gimy)  sensation.    It  may  be  said,  in  fact,  tliat  for  any  given  color 
then  eadsts  a  complement  such  that  the  fusion  of  the  two  in  suitable 
gives  wliite.     If  we  confine  our^lvea  to  the  spectral 
I  «e  recognize  such  complemcntar\'  pairs  as  the  following; 
Red  and  greenish  blue. 
Orange  and  cyan  blue. 
Yellow  and  iniligo  blue. 
Greenifih  yellow  and  violet. 

complementary'  color  for  green  Ls  the  extraspectral  purple, 
CoioiB  that  are  clotier  together  in  the  spectral  series   tliau  the 
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complementaries  give  on  fusion  some  intermediate  color  which 
more  saturated — that  is,  less  mixed  with  white  sensation — ^the  neat 
the  colors  are  together.  Thus,  red  and  yellow,  when  fused,  gr 
orange.  Colors  farther  apart  than  the  distance  of  the  oompi 
mentaries  give  some  shade  of  purple.  On  the  physical  side,  tha 
fore,  we  can  produce  a  sensation  of  white  in  two  ways :  Either  by  tl 
combined  action  of  all  the  visible  rays  of  the  spectrum  (sunfi^ 
or  by  the  combined  action  of  pairs  of  colors  whose  wave  lengths  tk 
by  a  certain  interval.  It  is  probable  that  in  the  retina  the  procea 
induced  by  these  two  methods  are  qualitatively  the  same,  tl 
wave-lengths  represented  by  the  complementary  colors  setting  i 
by  their  combined  action  the  same  photochemical  processes  thi 
nonnally  are  induced  by  the  sunlight. 

After-*images. — ^As  the  name  implies,  this  term  refers  to  iznagi 
that  remain  in  consciousness  after  the  objective  stimulus  has  ceaae 
to  act  upon  the  retina.  They  are  due  doubtless  to  the  fact  thatti 
changes  set  up  in  the  retina  by  the  visual  stimulus  continue,  wr 
or  without  modification,  after  the  stimulus  is  withdrawn.  Aft£ 
images  are  of  two  kinds:  positive  and  negative.  In  the  podti 
after-images  the  visual  sensation  retains  its  normal  colors.  If  c 
looks  at  an  incandescent  electric  light  for  a  few  seconds  and  tl 
closes  his  eyes  he  continues  to  see  the  luminous  object  for  a  c* 
siderable  time  in  its  normal  colors.  Objects  of  much  less  int 
eity  of  illumination  may  give  positive  after-images,  especi 
when  the  eyes  have  been  kept  closed  for  some  time,  as, 
instance,  upon  waking  in  the  morning.  In  negative  afi 
images  the  colors  are  all  reversed — that  is,  they  take  on 
complementary  qualities  (see  Fig.  147),  White  becomes  bla 
red,  a  bluish  green,  and  vice  versa.  Negative  after-ima 
are  produced  very  easily  by  fixing  the  eyes  steadily  upoi 
given  object  for  an  interval  of  twenty  seconds  or  more  i 
then  closing  them.  In  the  case  of  colored  objects  the  afl 
image  is  shown  better,  perhaps,  by  turning  the  eyes  upoi 
white  surface  after  the  period  of  fixation  is  over.  After-ima 
produced  in  this  way  often  appear  and  disappear  a  number 
times  before  ceasing  entirely,  and,  although  the  color  at  first  is 
complementary  of  that  of  the  object  looked  at,  it  may  change  bef 
its  final  disappearance.  Anyone  who  has  gazed  for  even  a  b 
interval  at  the  setting  sun  will  remember  the  number  of  colored  i 
changing  after-images  seen  for  a  time  when  the  eye  is  turned 
another  portion  of  the  sky.  That  several  different  after-ima 
are  seen  in  this  case  is  due  to  the  fact  that  the  eyes  are  not  k 
fixed  under  the  dazzling  light  of  the  sun,  and  a  number  of  differ 
images  are  formed,  therefore,  upon  the  retina. 
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After-images  may  be  used  in  a  verj'  instructive  way  to  show  that 
our  estimates  of  the  size  of  a  retinal  image  var\'  with  the  diiitance  to 
which  we  project  it, — that  is,  with  the  tJistiince  at  which  we  suppose 
leseeit.  Once  the  image  is,  so  to  sjx^ak,  branded  on  the  retina, 
its  ictuid  suse,  of  course,  does  not  varv',  but  our  judgment  of  its  size 
nir  be  made  to  varj'  rapitUy  by  projecting  the  image  upon  screens  at 
(Hferent  distances.  If,  for  instance,  in  obtaining  the  after-image 
irf  the  strips  shown  in  Fig.  147  one  moves  the  white  pajx^ir  used 
to  catch  the  image  toward  and  away  from  tlie  eye,  the  apparent  size 
proportionally  to  ha  distance. 
■Color  Contrasts. — By  color  contrast  is  meant  the  influence 
one  color  field  has  Ufxia  a  contiguous  one.  If,  for  instance,  a 
of  blue  jjapcr  is  laid  upon  a  larger  yellow  square,  the  color 
jh  of  them  is  heightened  by  contrast.  A  piece  of  blue 
on  a  blue  background  does  not  appear  so  saturated  as  when 
against  a  yellow  background.  The  influences  of  contrast 
be  shovsTi  in  a  great  variety  of  ways.*  For  instance,  if  a  disc 
that  in  the  illustration,  Fig.  149^1,  is  rotated  rapidly,  it  should 
drrlesof  gray,  the  darkest  at  the  middle;  but  each  circle  sho\ild 
ttoifonn  as  it  is  made  by  the  fusion  of  a  definite  amount  of  white 
black.    On  the  contrary-,  the  appearance  ol>tained  is  that  repre 


'«  I«i.-BUtk  and  white  dwc  for  ex. 
PvniMnt  on  coatnat.— (Aood.) 


Fig.  UQfi.— Showing  the  result  when  tha 
oUo  A  U  M!t  into  rapid  rotAtioD.-~C  Bood.) 


"^N  in  Fig.  1495.    Each  circle  appears  darker  on  its  outeredge 

wreitlH)rdersona  lighter  circle,  and  lighter  on  its  inner  edge  where 

^  oordeis  on  a  darker  circle.    Similar  contrasts  may  he  obtained  from 

sparing  shadows  cast  by  yellow  and  white  light.     If  a  rod  be 

•''teged  in  a  dark  room  so  as  to  cast  a  shadow  from  an  opening 

•floutting  dayhght  and  one  also  from  a  lighted  candle,  either  shadow 

wn  separately  appears  black,  but  if  the  two  are  cast  side  by  side 

^  »ill  appear  blue,  the  other  yellow.     The  shadow  cast  by  the 

^}%ht.  I_>eing  illuminated  by  the  yellow  candle-light,  will  appear 

Niow,  and  the  other  shadow,  tlrnt  from  the  candle-light,  will  by 

*Rood.  "  Modem  Chromatics/'  "  International  Scientific  Series." 
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contrast  seem  quite  blue.  A  striking  instance  of  the  effect  of  eon*  J 
trast  is  given,  also,  by  the  ^mple  experiment  of  Mayer,  illuBtnlcil 
in  Fig.  148.  The  gray  square  on  the  green  background  suffers  m1 
apparent  change  from  contrast,  but  if  the  figure  is  covered  byi 
sheet  of  white  tissue  paper  the  gray  square  at  once  takes  on  a  rat 
dish  hue.  It  is  evident  that  in  all  artistic  and  ornamental  employ 
ment  of  colors '  this  influence  must  be  considered,  and  empiiiail 
rules  are  established  which  indicate  for  the  normal  eye  the  be»* 
ficial  or  the  killing  effect  of  different  colors  when  brought  into 
juxtaposition. 

Color  Blindness.— The  fact  that  some  eyes  do  not  pomm 
normal  color  viaon  does  not  seem  to  have  attracted  the  attentioa 
of  scientific  observers  until  it  was  studied  with  some  care  by  Dalloa, 
the  distinguished  English  chemist,  at  the  end  of  the  dghteentb 
century.    Dalton  himself  suffered  from  color  blindness,  and  tbe 
particular  variety  exhibited  by  him  was  for  some  time  described 
as  Daltonism,  but  is  now  usually  designated  as  red  blindness.   The 
subject  was  given  practical  importance  by  later  observers,  espe- 
cially by  the  Swedish  physiologist  Holmgren,*  who  emphasiied  its 
relations  to  possible  accidents  by  rail  or  at  sea  in  connection  with 
colored  signals.    It  is  now  the  practice  in  all  civilized  countriea  to 
require  tests  for  color  blindness  in  the  case  of  those  who  in  rdlroys 
or  upon  vessels  may  be  responsible  for  the  interpretation  of  signals. 
The  numerous  statistics  that  have  been  gathered  show  that  the 
defect  is  fairly  prevalent,  especially  among  men.     It  is  ssdd  that 
on  the  average  from  2  to  4  per  cent,  are  color  blind  among  males, 
while  among  women  the  proportion  is  much  smaller, — 0.01  to  1  per 
cent.    Among  the  poorly  educated  classes  the  defect  is  said  to  be 
more   common  than  among  educated   persons.    Color  blindness 
may  exist  in  different  degrees  of  completeness,  from  a  total  loss  to 
a  simple  imperfection  or  feebleness  of  the  color  sense,  and  it  is 
usually  congenital.      Among  those   persons  who   possess  a  tri- 
chromatic  color  sense   differences   may   be  observed  in  regard 
to  the  proportions  of  different  colors  which  must  be  combined 
to  make  a  match  with  a  given  standard.     This  condition  has 
been  shown  to  exist  particularly  for  the  combinations  of  red  and 
green    requirctl   to   match   a  homogeneous  yellow.      Individuals 
who  differ  sensibly  from  the  normal  in  the  amounts  of  red  and 
green  selected  to  make  such  a  match  have  been  described  as 
having   an  "anomalous  trichromatic  vision." f     Those   who   are 
completely  color  blind  as  regards  some  or  all  of  the  fundamental 

*  Holmgren,  "Color  Blindness  in  its  Relations  to  Accidents  by  Rail  and 
Sea,*'  "Smithsonian  In.«titution  Reports/'  Washington,  1878.  See  aJso  Jef- 
fries, "  Color  Blindness,  its  Danger  and  its  Detection,"  Boston. 

t  Consult  von  Krics  in  Nagel's  Handbuch  der  Physiologie,  vol.  3,  p.  124- 


.  fftU  into  two  groups:  the  dichromatic,  whose  color  vision 
be  representefl  by  two  fundamental  colors  and  their  com- 
ioQfl  with  white  or  hlack,  and  the  achromatic,  or  totally 
bfind,  who  see  only  the  white-pray-hlack  series. 
idiromatic  Vision. — The  color-blind  who  belong  to  this  class 
ato  two  or  three  groups,  which  have  been  designated,  under 
afluence  of  the  Young-Hehnholtz  theory  of  color  \ision,  the 
►lind,  the  green-blind,  and  the  vi(jlet-l)lind.  As  the  terms 
»lind  and  green-blin<l  imply  a  more  specific  condition  of 
D  than  is  found  to  l>e  the  case  on  careful  examination,  von 
I  has  suggested  as  a  sul>6titute  the  names  protanopia  and 
nnopia^  as  indicating  a  defect  in  a  fin^t  or  second  constit- 
neceasary  for  color  vision.  Acconhrig  to  the  saua-  nonien- 
W,  so-called  violet-blindness  would  he  ilesignatcd  as  tritan- 
From  this  standpoint  genuine  color  blinthiess  mny  be 
pded  as  a  reduction  form  of  normal  tricliromatic  \ision  of 
icfaancter  that  all  the  color  sensations  may  be  conceived  as 
Bding  upon  the  existence  of  only  two  fundamental  color 
Eves.  The  most  common  by  far  of  these  groups  is  that  of  so- 
li fpd-blindnesa  (protanopia) ;  it  constitutes  the  usual  form  of 
bIindne«B.  As  a  matter  of  fact .  persons  so  affecttnl  are  in  real- 
sd-green  blind.  In  what  may  be  called  the  most  typical  cases 
distinguish  in  the  spectrum  only  yellows  and  l)lues.  The 
)range,  yellow,  and  green  appear  as  yellow  of  different  shades, 
pTpcn-blue  as  gray,  and  the  blue-violet  and  puiple  as  blue, 
rpd  end  of  the  spectrum  is  distinctly  shorteneci,  especially 

illumination  Ls  poor,  and  the  maximum  luminosity,  instead 
ng  in  the  yellow,  as  in  normal  eyes,  is  in  the  green.  When 
»ectrum  is  examined  by  such  persons  a  neutral  gray  band  is 
d  the  junction  of  the  blue  and  green.  In  some  cases,  how- 
this  neutral  band  is  not  seen,  the  yellow  passing  with  but 
change  into  the  blue.  As  a  matter  of  fact,  in  red-blindness 
06t  characteristic  defect  is  a  failure  to  see  or  to  appreciate 
wn.  This  color  is  confused  with  the  grays  and  with  dull 
I  of  red.  When  such  persons  are  examined  for  their  negative 
mages  for  different  colors,  it  will  be  noted  that  they  de- 
aome  of  their  after-images  as  red,  the  after-image  of  indigo- 
for  example,  but  that  they  describe  none  as  green.  The 
ma^  of  purple,  for  instance,  which  to  the  normal  eye  is 

green,  is  described  by  them  as  gray  blue  or  pale  blue. 
the  descnptions  given  it  is  probable  that  the  color  vision 
scM^nlled  red-blind  is  not  by  any  means  the  same  in  all  cases, 
diibits  many  individual  differences.  The  green-blind  are 
according  to  recent  descriptioiis,  red-green  blind;  they  also 
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confuse  reds  and  greens  and  in  the  spectrum  are  conscious  of  on 
two  color  qualities,  namely,  yellow  and  blue.  They  differ  fnn  | 
the  red-blind  in  that  the  red  end  of  the  spectrum  is  not  shortened, 
and  the  maximum  luminosity,  as  with  the  normal  eye,  is  placed 
in  the  yellow.  In  the  matching  and  combination  of  colors  they 
show  distinct  differences  from  the  red-blind,  so  that  though  re- 
sembling the  latter  in  general  features,  they  dififer  obviously  in 
some  details.  As  compared  with  the  protanopes,  it  may  be  said 
that  their  retinas  are  more  sensitive  to  the  long  waves  in  the 
spectrum.  Violet  blindness  (tritanopia)  seems  to  be  so  rare 
as  a  congenital  and  permanent  condition  that  no  very  exact  stud^ 
of  it  has  been  made.  In  cases  of  acquired  tritanopia  resulting 
from  pathological  changes  it  is  reported  that  the  violet  end  of 
the  spectrum  is  colorless  (neutral)  and  that  a  neutral  band  appears 
also  in  the  yellow-green  region  of  the  spectrum.*  By  the  ingestioa 
of  santonin  it  is  said  that  a  condition  of  this  kind  may  be  produced 
temporarily.  The  violet  end  of  the  spectrum  is  shortened  and 
white  objects  take  on  a  yellowish  hue.  The  conditions  produced 
by  santonin  are  evidently  more  complex  than  can  be  explained 
by  simply  assuming  that  the  violet  color  sense  is  lost.  Recent 
observers  t  state  that  the  drug  produces  a  condition  of  yelkm 
vision,  outside  the  fovea,  in  the  daylight,  and  a  condition  d 
violet  vision  with  yellow-blindness,  but  no  red-  or  green-blindneBB, 
in  dim  lights. 

Tests  far  Color  Blindness. — Although  the  vision  of  the  red  and 
the  green  blind  is  deficient  as  regards  green  and  red  colors,  it  viH 
be  found  in  many  cases  that  they  recognize  these  colors  and  name 
them  correctly,  having  adopted  the  usual  nomenclature  and  adapted 
it  to  their  own  standards.  In  order  to  detect  the  deficiency  they 
must  be  examined  by  some  test  which  wDl  compel  them  to  matdi 
certain  colors.  Under  these  circumstances  it  will  be  found  that 
along  with  correct  matches  they  will  make  others  which  to  the  nor- 
mal eye  are  entirely  erroneous.  A  great  nuihber  of  methods  have 
been  proposed  and  used  to  detect  color  blindness.  The  simplest 
perhaps  is  that  of  Holmgren.  J  A  number  of  skeins  of  wool  are  used 
and  three  test  colors  are  chosen, — namely,  (I)  a  pale  pure  green 
skein,  which  must  not  incline  toward  yellow  green;  (II)  a  medium 
piu^3le  (magenta)  skein;  and  (III)  a  vivid  red  skein.  The  person 
under  investigation  is  given  skein  I  and  is  asked  to  select  from  the 
pile  of  assorted  colored  skeins  those  that  have  a  similar  color  value. 
He  is  not  to  make  an  exact  match,  but  to  select  those  that  appear 

•  Collins  and  Nagel,  "Zeitschrift  f.  Psychol,  u.  Physiol,  d.  Sinneeorgajie," 
1906,  xU.,  74. 

t  Siv6n  and  Wendt,  "  Skandinavisches  Archiv  f.  Physiolojpe,"  14-  196, 
1903,  and  1905,  17,  306. 

X  For  details  see  the  works  of  Holmgren  and  of  Jeffries,  already  quoted. 
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%ve  the  same  color.    Those  who  are  red  or  green  blind  will  see 

:  test  skein  as  a  gray  with  some  yellow  or  blue  shade  and  will 

,  therefore,  not  only  the  green  skeins,  but  the  grays  or  grayish 

rand  blue  skeins.    To  a.*5certain  whether  the  individual  is  red 

rgneo  blind  tests  II  and  III  nmy  then  be  employed. 

With  test  II,  medium  purple,  the  red  blind  will  select,  in  addition 
)Otber  purples,  only  blues  or  violets;  the  green  blind  will  select  as 
"confurion  colors"  only  greens  and  grays. 

^Ith  test  III,  red,  the  red  blind  will  select  as  confusion  colors 
grwtf ,  grays,  or  browns  less  luminous  than  the  test  color,  while  the 
pwn  blind  will  select  greens,  grays,  or  browns  of  a  greater  brightness 
tlao  the  K^t. 

Achromalic  Vution, — A  numl>er  of  cases  of  total  color  Ijlind- 
Mff  have  been  carefully  examined.*  It  would  seem  that  in 
Wfh  individuals  lliere  is  an  entire  loss  of  color  sense, — they  possess 
odv  tcbromatic  viaon.  The  external  world  appears  to  them  only 
in  ifaftdes  of  gray.  In  the  majority  of  these  cases  (f)  there 
■  ft  region  of  blindness  in  the  fovea  (central  scotoma),  and  an 
lOtuua]  sensitiveness  to  light  and  nystagnms  (rolling  movement  of 
tk  eyeballs)  are  also  characteristic.  Since  the  peripheral  field  of 
niOQ  is  nearly  normal  as  regards  sensitiveness  to  light,  while  the 
field  is  frequently  blind  or  ainl)lyopic»  it  has  h>een  assumeo 
fihis  condition  w  one  of  loss  of  fimction  in  the  cones. 
Distribution  of  the  Color  Sense  in  the  Retina. — What  has 
,  said  above  in  regunl  to  color  blindness  refers  especially  to  the 
field  of  %'ision.  When  we  examine  the  peripheral  field  in 
I  normal  eye  it  is  found  that  on  the  extreme  periphery'  the  retina 
il  totally  color  blind,  perceiN-ing  only  light  and  darknoes, — that  is, 
the  fihades  of  gray.  As  we  pass  in  toward  the  center  the  color 
atfiae  develops  gradually,  the  blue  colors  being  perceived  first  and 
the  gppens  last, — that  is.  nearest  to  the  renter. — so  that  in  a  cer- 
tain tone  the  normal  eye  is  refl-grf^ri  blind.  The  distribution  of 
the  color  sense  may  be  sludicil  conveniently  by  means  of  the  pe- 
limeter  (sec  p.  341).  It  will  l>e  found  to  varj'  with  each  indiNnidual, 
■0  much  so  that  it  is  possible  that  a  test  of  this  character  might  be 
vaed  for  the  identitication  of  individuals.  Kxceptioniilly  it  is  found 
that  the  entire  retina  possesses  a  nearly  normal  color  sense.  Usu- 
ally for  the  colors  red,  green,  and  blue,  the  blue  has  the  most  exten- 
mvt  field  and  the  green  the  least,  as  is  indicated  in  the  perimeter 
diart  given  in  Fig.  150.  If  the  green  chosen  is  blue  green  (490 ria) — 
that  b,  the  complementary  of  the  red — it  is  state<i  that  their  fields 
co-extensive,  t    From  this  standpoint  the  retina  presents  three 

*GniiM!rt.  "Archiv  ftir  OphthAlmolop*\"  -"ie.  132.  IWVi. 

t  Baifd,  "The  Color  Seuiutivitv  of  the  Peripheral  Retina,"  C&raegie  Pub- 

■  -    No.  2tt,  1905. 
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Fib.  ISO.— Perinieter  thnrt  indicniins  tb«  avemge  Beids  of  vision  for  bliM.  red,) 
^_  en  compared  with  white  (gray).  Right  eye:  The  outlines  uf  the  color  fields  are  ni- 
aeiit«d  as  snionth  ninne  the  chart  L4  an  averagA  Troni  many  dctcrniination«.  .\ji  a  matter  ol 
fftct.tn  each  indiv-iciual  the  outline  U  hiuhly  irrey:ular.  Noniinlly  (croen  (bright  grven)  if  tht 
BEnatleat  field,  sreeii  ohjcctA  outiddo  the  limit  apjiearing  yellow  and  farther  out  i  iiliiititi 
((Cray). 

the  different  fields  usually  show  many  irregularities,  and  in  some 
cases  it  will  be  found  that  bright  green  is  perceived  over  a  larger  area 
than  the  red.  The  fields  are  not  identical  in  the  two  eyes,  and  in 
each  eye  it  h,  as  a  rule,  more  exten.sive  upon  the  nasal  than 
upon  the  temporal  side  of  the  retina.  In  the  red-green  blind  the 
peripheral  fields  of  color  vision^  judged  by  the  individual's  own 
standards,  may  be  markedly  constricted  as  compared  with  the  nor- 
mal retina  (see  Fig.  151).  ■ 
Functions  of  the  Rods  and  Cones.^Many  facts  unite  in  mak-| 
ing  it  probable  tlmt  the  rods  anil  rones  are  different  in  function. 
They  differ  in  structure  and  especially  in  their  connections.  As  ia 
shown  in  the  diagram  given  in  Fig.  152,  the  cones  terminate  in  the 
external  nuclear  layer  in  arl)orii5ations  which  comiect  with  the  bi- 
polar ganglion  cells,  and  in  the  fovea  at  least  this  coimection  is  such 

•It  iH  interesting:  to  find  (HavTraft)  that  around  the  blind  apot  there  ia  ftl 
amall  zone  which,  like  ihe  periphery*  of  the  retina,  is  completely  color-blind.' 
thai  in,  pereeives  onlv  gray,  rind  extenml  to  this  ihp  eolor  sense,  is  devolopca 
in  zones  whose  order  is  simihir  to  that  on  the  i>enphery  of  the  retina. 
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that  each  cone  connects  with  a  single  nerve  cell  and  eventually  pep- 
hips  with  a  single  optic  ner\-c  fiber.  The  rods,  on  the  contrary, 
«ndin  a  single  knob-like  swelling,  and  a  number  of  them  make  con- 
ations with  the  same  nerve  cell.     Histologically,  therefore,  the 
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fit  161, — Prrimeter  ehart  showinit  the  highly  reAtrict«<l  cnlnr  fields  bi  the  left  ey« 

ytyyittl  oue  of  ao-callad  red-icreen  color  hlindnesi^.     The  ability  to  (ii'<LinimL"ih  red  and 

JJUJ.^  wbatevsr  eturact«rutice  of  mtensity  or  color  they  iKianeHsed  evte (uipd  for  n  very 

■art  CMuiM  oaUide  the  fovea.     It  U  inten>.<tiniz  that  Che  ability  to  dUtlnKUuh  blue  was 

f  m  urn  mm  liimt«d  *it  eocnpared  with  a  numkal  eye. 


eoDduction  paths  for  the  cones  seem  to  be  more  direct  than  in 
^  case  of  the  rods.  These  latter  elements,  moreover,  possess  the 
*iual  purple,  whi'jh  is  lacking  in  the  cones.  Lastly,  in  the  eye  of 
tte  totally  color  blind,  in  the  dark-adapted  e>'e  in  dim  lights,  in  the 
wbr-blind  peripheral  area  of  the  normal  eye,  and  in  the  eyes  of 
a»osi  distinctly  night-seeing  animals,  such  as  the  mole  and  the  owl, 
vkon  seems  to  be  effected  solely  by  the  rods.  These  fact^  fnid 
their  simplest  explanation  perhaps  in  the  view  advocated  by  Pari- 
naiid,  Franklin,  von  Kries  *  and  others,  according  to  which  the 
t*rreption  of  color  i^  a  function  of  the  oones  alone,  while  the  rods 
*ft sensitive  only  to  light  aruJ  darkneas,  and  by  virtue  of  their  power 
^adaptation  in  the  dark  through  the  regeneration  of  their  visual 
purple,  they  form  also  the  special  apparatus  for  vision  in  dim 

•Von  Krice,  *' Zeitschrift  f.  Psyrhologic  u.  PhyaiaU  d.  SinnctforKuae,"  9, 
&I.  1805. 
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lights  (night  vision).  Colorblindness,  therefore,  whether  toul  ( 
partial,  inay  be  regarded  as  an  affection  or  lack  of  normal  develop- 
ment of  the  cones.     On  the  other  hand,  those  interesting  cases  io 
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Tig.  152. — Schema  nf  the  Htructnre  of  the  huiciui  retina  (OrMff):  /,  I^groent  layer; 
//,  riK]  and  cone  layer:  iH.  outer  nudear  layer;  IV.  external  nlexiionn  layer:  V,  laytr 
of  hnnznntal  Pftlls;  VI,  la^er  of  bipijUr  oplla  (inner  nudetir);  VII.  layer  of  amacrinal  eelU 
(without  axons):  17//,  intier  plexifurm  layer;  IX,  Kaoglion  cell  layer:  X,  oerve  fiber 
layer:  6.  fiber  of  MuUer.  j 

which  the  vision,  while  good  in  daylight,  is  faulty  or  lacking  in  dim  ■ 
lights  (night  blindness,  hemcralopia)  may  be  referred  to  a  defective 
functional  activity  of  the  rods,  probably  from  lack  of  formation  of  J 
visual  purple.  1 

Theories  of  Color  Vision. — A  numl^er  of  theories  have  been 
proposed  to  explain  the  facts  of  color  vision.  None  of  them  has 
been  entirely  successful  in  the  sense  that  the  explanations  it  affords 
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I  have  been  submitted  to  satisfactory  experimental  verification.  The 
[immediate  stimuli  that  give  rise  to  the  visual  impulses  are  assumed 
I  to  be  of  a  chemical  nature,  and  it  seems  probable  that  in  this 
Be  as  in  that  of  many  other  problems  of  physiolog}',  we  must 

I  await  the  development  of  a  more    complete    knowledge    of   the 

[chemical  processes  involved.  The  theories  proposed  at  present, 
while  all  tested  by  experimental  inquiries,  are  in  a  ]^Tge  measure 
hypotheses  constructed  to  fit  more  or  less  completely  the  facts  that 
Mtt  known.  Three  of  these  theories  ma\'  be  described  briefly  as 
ttaniple^  of  the  modes  of  reasoning  employed: 

/.  Thi  Young-HdmhoUz  Theory. — This  theory,  proposed  essen- 
tially by  Thomas  Young  (1807)  and  after\k'ard  modified  and  ex- 
panded by  Helmholtz,*  rests  upon  the  assumption  that  there  are 
three  fundamental  color  sensations, — red,  green,  and  violet^ — and 
torresponding  with  these  there  are  three  photochemical  substances 
in  tie  retina.  By  the  decomposition  of  each  of  these  substances  cor- 
fwponding  nerve  fibers  are  stimulated  and  impulses  are  conducted 
tot  special  system  of  nerve  cells  in  the  visual  center  of  the  cerebrum, 

I  Tie  theory^  therefore,  assumes  special  nerve  fibers  and  nerve  centers 
corresponding   respectively   to  the   red,  green,   and  violet  photo- 

'  chemical  substances^  and  the  peculiar  quality  of  the  resulting  sensa- 
tions are  referred,  in  the  original  theorj-,  to  the  different  reactions 
in  consciousness  in  the  three  corresponding  centers  in  the  brain, 
When  these  three  substances  are  equally  excited  a  sensation  of 
vhite  results,  of  greater  or  less  intensity  according  to  the  extent  of 
the  excitation.     White,  therefore,  on  this  theory,  is  a  compound 

I  MUBtion  produced  by  the  combination  or  fusion  in  consciouwneaa 
of  the  three  equal  fundamental  color  sensations.  The  sensation  of 
blick,  on  the  other  hand,  results  from  the  absence  of  stimulation, 
bom  the  condition  of  rest  in  the  retina  and  in  the  corresporniing 
oerve  fibers  and  nerve  centers.  All  other  color  jsensations — yellow, 
for  instance — are  compound  sensations  produced  by  the  combined 

I  stimulation  of  the  three  photochemical  substances  in  different  proper^ 
tion&.    It  is  assumed,  furthermore,  that  each  of  the  photochemical 

j  fthrtances  is  acted  upon  more  or  less  by  all  of  the  visible  rays  of  the 

|*peetnuD,  but  that  the  rays  of  long  wave  lengths  at  the  red  end 
of  the  spectrum  affect  chiefly  the  red  substance,  those  corresponding 

I  to  the  green  of  the  spectrum  chiefly  the  green  substance,  and  the 
*y«of  shortest  wave  length  chiefly  the  violet  substance.    These  rela- 

'  twitthipBare  eotpressed  in  the  diagram  given  in  Fig.  153)  The  figure 
*ho  indicates  that  it  is  impossible  to  stimulate  any  one  of  these  sub- 
***iiccs  entirely  alone, — that  ia,  we  carmot  obtain  a  perfectly  satu- 
f»t«d  color  sensation.    Even  the  extreme  red  or  the  extreme  violet 

*Helinholtx,  "Handbuch  der  phyaiologiscbcn  Optlk,"  seooad  edition, 
1896,1,344. 
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rays  act  more  or  less  on  all  of  the  substances,  and  the  resulting  nd 
or  violet  sensation,  fe,  therefore,  mbced  to  some  extent  with  white.— 
that  is,  is  not  entirely  saturated.  The  theorj',  as  stated  by  Helm- 
holtz,  held  strictly  to  the  doctrine  of  specific  ner\'eenerg>-,in  assuming 
that  each  photochemical  substance  serves  sbnply  as  a  means  forthe 
excitation  of  a  nerve  fiber,  and  that  the  quality  of  the  bensaiion 
aroused  depends  on  the  ending  of  this  fiber  in  the  brain.  The  pbe- 
ncmenoa  of  negative  after-images  finds  a  simple  explanation  in  tenia 
of  this  theorj'.  If  we  look  fixedly  at  a  green  object,  for  exai 
the  corresponding  photocheinicaLsubstance  Is  chiefly  acted  upon  j 
if  subsequently  the  same  part  of  the  retina  is  exposed  to  white  ligbt, 
the  red  and  violet  substances,  having  been  pre\'iously  less  acted 
upon,  now  respond  in  greater  proportions  to  the  white  light,  and 
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Fig.  15.1.— Sohenm  to  illustrate  the  Voung-HelmhoItE  theory  of  color  vijwo^tfjj* 
haJU.)  Tlic  P^wctni)  eolors  mrt-  armntwHl  in  their  nBtiiriil  onler, — red  to  violet.  TMgufgi 
renrewent  the  intenity  of  -itiniuliition  of  the  three  col(^^  «ubiit«nc**^  1,  Tbe  rad  pwW*^ 
miDHtann* :  J.  the  (^reen  pfrrviving;  3,  the  violet  nerrcivinjc.  Wrticala  *^**i^  ^ 
poiut  of  the  siwclruui  intltcHte  the  relative  amount  oi  fitimulation  of  the  three  ■obitw'* 
for  that  wave  length  of  tbe  spectrurn. 

the  after-image  takes  a  red-violet — that  is,  purple—  color.  Many 
objections  have  been  raised  to  the  Young-Helniholt^  theor>*.  ^* 
has  been  urged,  for  instance,  that  we  are  not  conscious  that  while 
or  yellow  sensations  are  blends  or  fouj|X)unded  color  sensations; 
we  perceive  in  them  none  of  the  supix>ped  component  elements  is 
we  do  in  such  undoubted  mixtures  as  the  blue-greens  or  the  purplci 
The  theory  explains  poorly  or  not  at  all  the  fact  thatonthe  peripbefV 
of  the  retina  we  are  color  hUnd  and  yet  can  perceive  white  or  gray, 
and  it  breaks  down  also  in  the  face  of  the  facts  of  partial  and  com- 
plete color  bhudiiess.  The  explanation  given  for  black  is  ab* 
imsatisfactorv'  in  that  it  assumes  an  active  state  of  consciousM* 
aaBOciatcd  with  a  condition  of  rest  in  the  visual  mechanism. 

//.  Hering's  Tkconj  of  Color  Vision. — ^ThLs  theory  also  aaBUlWi 
the  existence  hi  the  retina  of  three  photochemical  substances,  boi 
of  such  a  nature  as  to  give  us  sue  different  qualities  of  sensatifax. 
There  is  a  white-black  substance  which  when  acted  upon  by  the 
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e  rays  of  light  undergoes  disassimilation  and  sets  up  nerve 
tses  that  arouse  in  the  brain  the  sensation  of  white.  On  the 
hand,  when  not  acted  u[X)n  by  light  this  same  substance  under- 
iEsimilau>r\'  processes  that  in  turn  set  up  nerve  impulses  which 
brain  give  us  a  sensation  of  black.  There  are  in  the  retina  also 
-green  and  a  yellow-blue  substance.  The  former  when  acted 
by  the  longer  rays  undergoes  disassimilation  and  givee  a 
,tion  of  red,  while  the  shorter  waves  cause  assimilation  and 
lice  a  sensation  of  green.  A  similar  assumption  is  made  for 
ellow-blue  substance.  The  essence  of  the  theorj'  may  be  stated, 
ion,  in  tabular  form,  as  follows  *: 

POroCBKMlCAL   SuBSTAICeS.  RCTIKAt^   PSOCESS.  SENSATION. 

D    1 (  Disassimilation  *=  red 

^^-^^^ 1  Assimilation  -  ^rcen 

V  II       ui  /  Disassirailation  —  vellow 

YeUow-blue 1  Asaimiktion  =  blue 

—,  .^    , ,     ,  f  Disassimilation      —     white 

White-black |  Aasimilation  =     black 

It  will  be  obser^'ed  that  the  theory  gives  an  independent  ob- 
ive  cause  for  the  sensations  of  white,  black,  and  yellow,  and  in 


"<•  154. — Schema  to  illustrate  the  Herina  theory  of  color  \ision. — iFo$Ur,)  The 
>  ladicAte  the  relative  int«niQtiea  of  stimulation  of  the  lhre«  color  subetAnrea  by  dif- 
pKU  of  the  epeotrum.  Ordinatee  above  the  axis.  A'-A\  indicate  cataboUo  cbanm 
■nilaCian),  those  below  anaboUo  chaninm  (ajuiiinilation).  Curve  a  represenis  tbe 
hna  for  the  black-white  ttubstaiice.  It  \b  stiiuulated  by  alt  the  rmys  of  the  visible 
not  with  inaxinium  intecuity  io  the  yellow.  Curve  c  repremnta  ttuB  red-srecn  eub> 
•  tbtloDter  wftTB  lengths  caiuing  disaAstmilation  (red),  the  iihorter  onea  aaBmilation 
).    Cum  fr  civee  the  eonditiona  for  the  yellow-blue  substoiice. 


respect  satisfies  the  objections  made  on  this  score  to  the  Young- 
iholtz  theory.  It  fits  better,  also,  the  facts  of  partiui  and  total 
blindness.     In  the  hitter  condition  one  may  assume,  in  terms  ot 

distnisaion  of  color  theories  see  Calkins,  "Archiv  f.  Phyfliologie." 
I.  volume,  p.  244;  also  Greenwood  in  Hill's  "'  Further  Adv^ncea 
OR)'."  P-  378,  1909. 
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this  theoTy,  that  only  the  white-black  substance  is  present,  wtih 
red  and  green  blindness — ^both  of  them,  it  will  be  recalled,  rea% 
forms  of  red-green  blindness — are  expliuned  on  the  view  that  is  such 
persons  the  red-green  substance  is  deficient  or  lacking.  On  tUi 
theory,  complementary  colors — red  and  blue-green,  yellow  ami 
blue — are,  in  reality,  antagonistic  colors.    When  thrown  on  tin 

retina  simultaneously  Ibet 
effects  neutralize  each  other, 
and  there  remains  over  only 
the  disassimilatory  effect  oa 
the  white  substance  which  is 
exerted  by  all  the  viable 
rays.  The  effect  of  the  vari- 
ous visible  rays  of  the  q>ee- 
trum  on  the  three  photo- 
chemical substances  is  illus- 
trated by  the  chart  given  in 
Fig.  154.  Ordinates  above 
the  abscissa  representing  di&- 
assimilatoiy  effects ;  those 
below,  assimilatory. 

///.  The  Franklin  Thton/ 
of  Color   Vision   (Mdecvkr 
Dissociation     Theory). — ^This 
theory,  proposed  by  Mrs.  C. 
L.  Franklin,*  takes  into  ac- 
count the  fact  of  a  gradual 
evolution  of  the  color  sense 
of  the  retina  from  a  primitive 
condition  of  colorless  vision 
such  as   still   exists   in  the 
periphery  of  the  retina  and 
in  the  eyes  of  the   totally 
color  blind.     It  assumes  that 
the     colorless    sensations — 
white,  gray,  black — are  occa- 
sioned by  the  reactions  of  a 
photochemical     material 
which    for  convenience  may 
be  designated  as  the  gray 
substance.    This  substance  in  the  normal  eye  exists  in  both  rods 
and    cones;    in  the  latter,  however,  in  a  differentiated  condition 
capable  of  givin'g  color  sensations.      When  the  molecules  of  this 
substance  are  completely  dissociated  by  the  action  of  light,  gray 

♦  Franklin,  "  Zeitschrift  f.  Psychologie  und  Phys.  d.  Sinnesorgane."  1892. 
iv;  also  "Mind,"  2.  473,  1893,  and  "  PBychological  Review,"  1894,  1896, 1899. 


Fig.  155. — Schema  to  illustrate  the  Frank- 
lin theory  of  color  vision  (Franklin):  W,  The 
molecule  of  the  primitive  visual  (£ray-peroeiv- 
ing)  substance;  Y  and  B,  the  first  step  in  the 
dinerentiation  into  a  yellow-  and  a  blue-iKr* 
ceivinc  substance,  whose  combined  dissociation 
gives  the  same  effect  as  that  of  the  original  oub- 
etance,  W;  Q  and  R,  the  second  step  in  the 
differentiation  of  the  yellow-pereeivmg  sub- 
stance, the  eombined  dissociation  of  the  two 
giving  the  same  effect  as  that  of  the  yellow-per- 
oeiving  substance  alone.  The  complete  devel- 
opment of  color  vision  as  it  exists  in  the  central 
part  of  the  retina  consiats  in  the  existence  of 
three  substances,  which,  taken  separately,  give 
red,  green,  and  blue  color  sensations. 
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DttUoos  mult,  and  as  this  is  the  only  reaction  possible  in  the 
\  tfaeae  elements  can  furnish  us  only  sensations  of  this  quality. 
Hie  molecules  of  gray  substance  In  the  cones,  on  the  other 
have  undergone  a  development  such  that  certain  portions 
'  of  the  molecule  may  become  dissociated  by  the  action  of  light 
[eertain  periods  of  vibration.  This  development  may  be  sup- 
1  to  ha%^  t^ken  place  in  two  stages;  first,  the  formation  of 
I  frnnipings  within  the  molecule,  one  of  which  is  dis5ociat<xl  by 
'  Ibr  liifg^pr  waves  antl  gives  a  sensation  of  yellow,  and  one  of  which 
I ii  dinociated  by  the  shorter  waves  and  gives  the  sensation  of 
This  stage  remains  still  on  portions  of  the  penpher>'  of  the 
I.  and  is  the  condition  present  in  the  fovea  also  in  the  eyes 
ot  ttic  red-green  blind.  The  second  stage  consists  in  the  division 
I  of  the  yellow  component  into  two  additional  groupings  in  one 
[ofvhicb  the  internal  movements  are  of  such  a  period  as  to  l)e 
I  iffected  by  the  longest  visible  waves,  the  red  of  the  spectnim, 
f  htk  Uie  other  is  dissociated  by  rays  corresponding  to  the  green 
[flj  the  spectrum  and  gives  rise  to  the  sent^ation  of  gi^een.  If 
Clkendand  green  grouping?  are  dissociated  together  the  resulting 
ftfeetis the  same  as  follows  from  the  dissociation  of  the  entire  yellow 
wnpoaeni,  while  the  complete  dissociation  of  the  red,  green,  and 
blue  groupings  gives  the  stimulus  obtained  originally  from  the  disso- 
ci&tioDof  the  whole  molecule,  and  causes  gray  seasations.  The  idea 
of  thia  subdivision  or  diflferentiation  in  structure  of  the  original  gray 
mbitance  is  indicated  diagrammatically  in  Fig.  155.  The  theory 
•coounts  admirably  for  many  phenomena  in  vision,  and  Is  perhaps 
c^Jedally  adapted  to  explain  the  facts  of  color  blindness  and  the 
variationa  in  quality  of  our  visual  sensations  in  the  i>eriphcral  areaa 
cf  the  retina.  An  extension  and  modification  of  this  theory 
liM  been  published  by  Schenck.*  He  assumes  that  each  of  the 
three-color  perceiving  substances  is  composed  of  two  parts. 
One  part  which  acts  as  a  receiver  for  the  stimulus,  a  sort  of  an 
optical  resonator,  in  fact,  and  a  second  part  which  is  set  into 
•ctivity  by  the  receiver  and  givea  rise  to  the  corresponding 
color  sensation.  The  theor>'  is  very  elastic  in  its  adaptability 
to  the  various  kinds  of  color  blindness. 

The  two  latt«r  theories  seem  to  imply  ihAt  a  number  of  difTorcnt  kinds 
9t  impntof  may  be  transmitted  along  the  optic  filxTs.  Uering's  theory  re- 
^■faM  apparently  the  possibility  of  six  qualitativelv  different  impulses, — 
t^mUf,  ^iie.  bUck,  re^l.  Rrven,  yellow,  and  blue, — while  the  Franklin  theory 
aMoniflB  impulaeB  corrrapMiiding  to  white  (gray),  red,  green,  yellow,  and  blue. 
iUmtk  ia  not  specifically  accounted  for  except  as  a  part  of  the  gray  series.  At 
■naeot  In  physiology  there  ts  no  proof  thiit  nerve  impulses  can  differ  ouali« 
UIttcIt  from  each  other,  althougli  it  may  be  urged,  perhaps  with  ccjual  lorce, 
thai  taere  is  no  proof  that  they  can  not  bo  differ.  The  doctrine  of  6i)ecifiti 
cnargy  assumes  tliat  nerve  impulses  are,  as  regards  quality,  always 

*8ebeock,  "Archiv  t  d.  gcaammte  rhysiologic/'  118,  129,  1907. 
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the  samet  and  differ  from  one  another  only  in  intennty,  the  quafitadve  £l» 
ences  that  exist  among  sensations  being  referred  to  a  difference  in  reMtiai 
in  the  end-organ  in  the  brain. 

Entoptic  Phenomena. — ^Under  the  term  entoptic  pheoomoM 
is  included  a  number  of  visual  sensations  due  to  the  shadovsof 
various  objects  within  the  eyeball  itself.  Ordinarily  these  shadoti 
are  imperceptible,  owing  to  the  diffuse  illumination  of  the  interior 
of  the  eye  through  the  relatively  wide  opening  of  the  pupil.  Bf 
means  of  various  devices  the  illumination  of  the  eye  may  be  n 
controlled  as  to  make  these  shadows  more  distinct  and  thus  bring 
the  retinal  images  into  consciousness.  Some  of  these  enteric  ap> 
pearances  are  described  briefly,  but  for  a  detuled  description  the 
reader  is  referred  to  the  classical  work  of  Helmholtz.* 

The  Bhod-corpusdea. — ^The  entoptic  images  that  are  most  euily 
recognized  perhaps  are  those  of  the  moving  corpuscles  in  the  capQ-    I 
lanes  of  the  retina.    If  one  looks  off  into  the  blue  sky  he  will  have    ] 
no  difficulty  in  recognizing  a  number  of  minute  clear  and  dark  specks 
that  move  in  f rpnt  of  the  eye  in  definite  paths.    The  character  of 
the  movement  leaves  no  doubt  that  these  sensationsare  due  to  the 
shadows  of  the  blood-corpuscles.    In  fact,  the  shadows  often  sho* 
a  rhythmic  acceleration  in  velocity  synchronous  with  the  heartr 
beats,  a  pulse  movement.    By  projecting  the  moving  images  upott 
a  screen  at  a  known  distance  from  the  eye  the  velocity  of  ^e  capB- 
lary  circulation  has  been  estimated  in  man. 

The  Retinal  Blood-vessels. — ^The  blood-vessels  of  the  retina  lie 
in  front  of  the  rods  and  cones  and  must  necessarily  throw  their 
shadows  upon  these  sensitive  end-organs.  The  shadows  may  be 
made  more  distinct  and  a  visual  picture  of  the  vessels  obtained  by 
a  number  of  methods.  For  instance,  if  a  card  with  a  pin  bote 
through  it  is  moved  slowly  in  front  of  the  eye  the  images  of  the 
blood-vessels  stand  out  in  the  field  of  vision  with  more  or  less 
distinctness.  The  card  should  be  given  a  circular  movement.  If  it 
is  kept  in  one  position  the  images  quickly  disappear,  since  the 
retina  apparently  fatigues  ver\'  quickly  for  such  faint  impressions, 
A  more  impressive  picture  may  be  obtained  by  the  method  of 
Purkinje.  In  a  dark  room  one  holds  a  candle  toward  the  side  of  the 
head  in  such  a  position  as  to  give  the  sensation  of  a  glare  in  the 
corresponding  eye.  If  the  eye  is  directed  toward  the  opposite 
side  of  the  room  and  the  candle  is  kept  in  continual  circular 
movement  the  blood-vessels  appear  in  the  field  of  vision  magni- 
fied in  proportion  to  the  distance  of  projection;  the  picture  makes 
the  impression  of  a  thicket  of  interlacing  branches.  In  this  ex- 
periment the  light  from  the  candle  strikes  the  nasal  side  of  the 

*  Helmholtz,  "Handbuch  der  pliysiologischen  Optik,"  second  edition. 
I,  184. 
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tttint  at  an  oblique  ungle  and  is  reflected  toward  the  other  side 
oflbe  globe.  The  blood-vessels  are  in  this  way  illuminated  from 
la  unusual  direction  and  their  shadows  are  thrown  upon  a  por- 
taoaof  tlie  retina  not  usually  iiffeoted  and  for  that  reason  perhaps 
wre  sensitive  to  the  impression. 

Imprrfections  in  the  Vitreowt  Humor  and  the  Lens. — Small  frag- 
bUof  the  cells  from  which  the  vitreous  humor  was  constructed 
kthe  embryo  and  nimi- 

rrdaiively  opaque  ol>-       .^  ^ 

in    the   lens    may  '^ 

ilffow  shadows  on  the 
ictinal  bottom.  These 
ikdowB  take  different 
lom»,but  usually  are  de- 
cnbed  ns  small  spheres 
or  beads,  single  or  in 
^Dpe,  that  move  with 
tbe  ^68  and  are  desig- 
Bited,  therefore,  as  the 
njoBopvolitantes  (flitting 
fticsor  floating  flies).   To 

brii^out  the?ie  shadows  it  is  convenient  to  make  the  source  of  illu- 
Bnution  small  and  to  bring  it  at  or  nearer  than  the  anterior  focal 
dirtftnocof  the  eye  (15  to  16  mms.).  The  method  eiiipkiyed  for  this 
porpoie  by  Helmholiz  is  illustrated  in  Fig.  156.  In  this  figure  b 
B  A  candle  flame,  and  a  a  lens  of  short  focus  which  makes  an  image 
tf  the  flame  at  the  small  opening  shown  in  the  dark  screen,  c.  The 
•7»B  placed  just  lx»hind  this  oix»ning  and  is  illuminated  by  the  rays 
fraatlie  smalh  bright  image  of  the  flame  at  that  spot.  The  shadows 
aenen  projected  upon  the  illuminated  surface  of  the  glass  lens. 


Plr  166.— HelmbolU*A  method  of  ihowing  en- 

toptio  phenomena  due  to  imperfeotioaa  in  the  leas 
mnd  ■vitTv^iw*  (HclnholU):  c,  a  Mreen  with  pinhole; 
«» lena  with  f<hurt  focus. 


CHAPTER  XTX 
BINOCULAR  VISION. 

Vision  with  two  eyes  differs  from  monocular  vision  chiefly  in 
the  varied  combinations  of  movements  of  the  two  eyeballs  and  th 
aid  thereby  afforded  in  the  determination  of  distance  and  ««, 
in  the  enlarged  field  of  vision,  and,  above  all,  in  the  more  exact  pe^ 
ception  of  .solidity  or  perspective,  especially  for  near  object*. 

The  Movements  of  the  Eyeballs. — PLach  eyeball  is  moved 
by  six  extrinsic  muscles  which  are  inner\*ated  through  ihra 
cranial  nerves.  The  third  or  oculomotor  nerve  controls  the  interml 
rectus,  the  superior  rectus,  the  inferior  rectus,  and  the  inf( 
oblique;  the  fourth  cranial  nerve  (n.  pathcticus)  inner\'ates 
superior  oblique  alone;  and  the  sixth  cranial  (n.  abducens) 
external  rectus  alone.  By  means  of  these  muscles  the  eyel>alls 
be  given  various  movements,  all  of  which  may  be  considen?il  u 
rotations  of  the  ball  around  various  axes.  The  common  point  of 
intersection  of  these  axes  is  designated  as  the  rotation  point  or 
center  of  rotation  of  the  eyeball ;  it  lies  about  1 3.5  inms.  back  of  the 
cornea  in  the  emmetropic  eye.  The  various  axes  of  rotation  »11 
pass  through  this  point,  and  we  may  classify  them  under  four 
heads:  (1)  The  horizontal  or  sagittal  axis^  which  is  the  line  paseixit 
through  the  rotation  point  anil  the  object  looked  at. — the  fixation 
point.  This  axis  corresponds  practically  with  the  line  of  sigbt.— 
that  is,  the  line  drawn  from  the  object  looked  at  to  the  middle  of  the 
fovea,  and  it  may  therefore,  without  serious  error,  l>e  spoken  of  m 
the  visual  axis.  Rotations  around  this  axis  give  a  wheel  mo>Tme!rt 
or  torsion  to  the  eyeballs.  (2)  The  transverse  axis,  the  line  pawni 
through  the  rotation  points  of  the  two  eyes  and  perpen^liruUr 
to  1 .  Rotations  around  this  axis  move  the  eyeballs  straight  up 
or  down.  (3)  The  vertical  axis,  the  vertical  line  passing  throoRb 
the  rotation  point  and  perpendicular  at  this  point  to  the  horizontJ 
and  transverse  axes.  Rotations  around  this  axis  move  the  eyeball 
to  the  rip;ht  or  the  left.  (4)  The  oblique  axes,  under  which  air  in- 
cluded all  the  axes  of  rotation  jmssinp;  through  the  rotation  point  at 
oblique  angles  to  the  horizontal  axis.  These  axes  all  lie  in  the 
equatorial  plane  of  the  eye,  and  riitations  around  any  of  them  move 
the  eyeball  obliquely  upward  or  downward.  These  definitions  all 
have  reference   to  what  is  known  as  the  primary  position  of  the 
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It  is,  that  position  taken  by  the  eyes  when  we  look  straight 
toward  the  horizon, — a  position,  therefore,  in  which  the 
the  horizontal  axes  is  parallel  to  the  ground;  all  other 
nfi  of  the  eyes  are  spoken  of  as  secondary', 
th  regard  to  the  movements  of  the  eyes  about  its  axes  of 
in  the  following  general  statements  are  made:  Starting  from 
iman-  position,  rotations  of  the  eyes  about  the  vertical  axis — 
I  movements  directly  to  right  or  left — may  be  made  by  the 
etion  of  the  inteninl  or  the  external  rectus  as  the  case  may  be. 
ions  around  the  transverse  axis— that  is,  movements  directly 
down — require  in  each  case  the  co-operation  of  two  muscles. 
ements  upward  the  superior  rectus,  acting  alone,  would  in 


tt*— "Dta^rmmshowincforthe  left  eye  the  paths  nf  the  line  orwuhr  csunedbyth* 
»diffttraat  ey^niu«cle9  CHerinK)<  The  lionitintal  linpindicBlp-'-niLivcmetitsout  or 
'  icrf««  mm  caiiaed  by  the  conlrHction  of  the  iiueainl  or  exEemaJ  rectus.  Tlie 
OW  the  araount  of  tonrion  ^ven  tlie  eyri>aij  hy  tbe  superiur  uid  iiiferiur 
J  vupenor  and  inferior  obhque  iFheii  rontracting  sep&rat*>ly.  Ttie  >hort 
plbe  cud  of  Uie  paltu  indicatets  the  po»itiuu  uf  the  hunzoutal  meridiaa  at 
FiDovemeiit."  R.  f..  the  exteni&l  rectu»;  li,  i.,  the  internal  rectus;  A.  -S.. 
t  neUmi  R.  inf.,  the  mferior  rectua;  Q.  i..  Uie  lafehor  oblique;  O.  3.,  the  ftupehur 


the  eyeball  upward  also  give  it  a  slight  torsion  so  as  to 
upf>er  part  of  the  vertical  meridian  inward.  To  obtain  a 
ent  directly  upward  (rotation  around  the  transverse  axis) 
irior  rectus  and  inferior  oblique  must  act  together.  For 
r  reason  rotation  directly  downward  requires  the  com- 
:tion  of  the  inferior  rectus  and  superior  oblique.  These 
B  expressed  clearly  in  Hering's  diagram,  reproduced  in 
,  which  indicates  the  paths  traversed  by  the  line  of  sight 
B  eyeball  is  moved  by  the  different  muscles  acting  sepa- 
Rotation  of  the  eyclmlls  around  oblique  axes  require 
operation  of  three  of  the  muscles :  movements  upward 
ward — the  superior  rectus,  inferior  oblique,  and  external 
BQovements  upward  and  inward — superior  rectus,  inferior 


CHAPTER  XIX. 
BINOCULAR  VISION. 

Vision  with  two  eyes  differs  from  monocular  vision  chiefly  h 
the  varied  combinations  of  movements  of  the  two  eyeballs  and  the  ' 
aid  thereby  afforded  in  the  determination  of  distance  and  aw, 
in  the  enlarged  field  of  vision,  and,  above  all,  in  the  more  exact  pe^ 
ception  of  solidity  or  perspective,  especially  for  near  objects. 

The  Movements  of  the   Eyeballs. — Each  eyeball  is  moved 
by   six   extrinsic   muscles   which  are  innervated   through  three 
cranial  nerves.    The  third  or  oculomotor  nerve  controls  the  internal 
rectus,  the  superior  rectus,  the  inferior  rectfis,  and  the  inferior 
oblique;   the  fourth  cranial  nerve  (n.  patheticus)  innervates  the 
superior  oblique  alone;    and  the  sixth  cranial  (n.  abduoens)  the 
external  rectus  alone.    By  means  of  these  muscles  the  eyeballs  may 
be  given  various  movements,  all  of  which  may  be  considered  as 
rotations  of  the  ball  around  various  axes.    The  common  point  of 
intersection  of  these  axes  is  designated  as  the  rotation  point  or 
center  of  rotation  of  the  eyeball;  it  lies  about  13.5  mma.  back  of  the 
cornea  in  the  emmetropic  eye.    The  various  axes  of  rotation  all 
pass  through  this  point,  and  we  may  classify  them  under  four 
heads:  (1)  The  horizontal  or  sagittal  axis,  which  is  the  line  pas^ 
through  the  rotation  point  and  the  object  looked  at, — the  fixation 
point.    This  axis  corresponds  practically  with  the  line  of  sight,— 
that  is,  the  line  drawn  from  the  object  looked  at  to  the  middle  of  the 
fovea,  and  it  may  therefore,  without  serious  error,  be  spoken  of  m 
the  visual  axis.    Rotations  around  this  axis  give  a  wheel  movemeni 
or  torsion  to  the  eyeballs.     (2)  The  transverse  axis,  the  line  passing 
through  the  rotation  points  of  the  two  eyes  and  perpendiculai 
to  1.     Rotations  around  this  axis  move  the  eyeballs  straight  uj 
or  down.     (3)  The  vertical  axis,  the  vertical  line  passing  througl 
the  rotation  point  and  perpendicular  at  this  point  to  the  horizonta 
and  transverse  axes.    Rotations  around  this  axis  move  the  eyebal 
to  the  right  or  the  left.     (4)  The  oblique  axes,  under  which  are  in- 
cluded all  the  axes  of  rotation  passing  through  the  rotation  point  a1 
oblique  angles  to  the  horizontal  axis.    These  axes  all  lie  in  the 
equatorial  plane  of  the  eye,  and  rotations  around  any  of  them  move 
the  eyeball  obliquely  upward  or  downward.    These  definitions  all 
have  reference   to  what  is  known  as  the  primary  position  of  th€ 
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•,-"that  ifi,  that  position  taken  by  the  eyes  when  we  look  straight 

rforeus  toward  the  horizon,— a  position,  therefore,  in  which  the 

oC  ibe  horizontal  axes  is  parallel  to  the  ground;  all  other 

1  of  the  eyeu  are  spoken  of  as  secondarj'. 

With  regard  to  the  movementi?  of  the  eyes  about  its  axes  of 

I  jciition  ttic  following  general  statements  are  made:  Starting  from 

!  primary  portion,  rotations  of  the  eyes  about  the  vertical  axis — 

X  is,  njovement«  directly  to  right  or  left—may  be  made  by  the 

llrmction  of  the  internal  or  the  extenial  rectus  as  the  case  may  be. 

ons  around  the  transverse  axis — that  is,  movements  directly 

lor  down — require  in  each  case  the  co-operation  of  two  muscles. 

imovementa  upward  the  superior  rectus,  acting  alone,  would  in 


i-Ht 


pveo  the  «yebiUJ   by  the  cupcn 

■apenor   mnd    infenor  oblique    when    contr»cttDg  9ep«ratrly.      Tbe  sltori 

^tac  M  tlM  cod  of  the  p«tb5  indicate  the  povitJoo  of  the  huniotiUl  mendian  at 

lf*«4a#  iKa  mormumot."      R.  <-.,  the  external  rectus;  ft.  i.,  the  internal  rectus;  R.  S,, 

•  wrtua;  £.  imf^  the  inferior  netua;  O.  i.,  the  lulchor  obUque;  O,  6.,  the  nipehor 


wtitjng  the  eyeball  upward  also  give  it  a  slight  torsion  »o  as  to 
tuni  the  upf>er  part  of  tbe  vertical  meridian  inward.  To  obtain  a 
Bovetnent  directly  upward  (rotation  around  the  transverse  axis) 
tt«  superior  rectus  and  inferior  oblique  must  act  together.  For 
»  similar  reason  rotation  directly  downward  requires  the  com- 
™d  action  of  the  inferior  rectus  and  superior  oblique.  These 
■Cti  are  expressed  clearly  in  Hering's  diagram,  reproduced  in 
fk- 157,  which  indicates  the  paths  traversed  by  the  line  of  sight 
•wo  the  eyeball  is  moved  by  the  different  muscles  acting  sepa- 
f*^iy.  Rotation  of  the  eyeballs  around  oblique  axes  require 
w  co-operation  of  three  of  the  muscles  :  movements  upward 
*Bd  Outward — the  superior  rectus,  inferior  oblique,  and  external 
'•ctus;  movements  upward  and  inward — superior  rectus,  inferior 
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muscles,  or  from  an  overaotion  in  some  of  the  muscles  as  coor 
tnuited  with  tlu'ir  finUijt^ouiMts. 

The  Binocular  Field  of  Vision. — Wlien  the  two  eyes  are  fixed 
upon  a  given  point,  placed,  let  us  say,  in  front  of  us  in  the  median 
plane,  each  eye  has  it-s  own  visual  field  that  may  be  chartd 
by  means  of  the  perimeter  But  the  two  fields  overlap  for  a 
portion  of  their  extent,  and  this  overlapping  area  consiituw 
the  fielii  of  binocular  vision  (see  Fig.  158).  Every  point  in  the  bin- 
ocular field  forms  an  image  upon  the  two  retinas.  The  mo?t 
interesting  fact  about  the  binocular  field  is  that  some  of  the  ohj(»i'!:« 
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fig.  15&— Perimeter  chart  to  show  the  extent  of  th«  binocular  visual  ficJd  (ahadiil  vw 
wbec  the  eyes  are  fixed  upon  a  median  point  in  the  borimntal  pUiie. 

contained  in  it  are  seen  single  in  spite  of  the  fact  that  there  are  tw 
retinal  images,  while  others  an^  seen  or  may  be  seen  double  w'hea 
one's  attention  is  directed  to  {he  fact.  Whether  any  given  object 
is  seen  aingle  or  double  depends  upon  whether  it*s  image  does  or  do* 
not  fall  u})on  corresponding  points  in  the  two  retinas. 

Corresponding  or  Identical  Points. — By  definition  co^^ 
sponding  or  identical  points  in  the  two  retinas  are  those  which  wlwn 
simultaneously  stimulated  by  the  same  kuninous  object  give  usi 
single  sensation,  while  non-correspomling  points  are  those  which 
when  so  stimulated  give  us  two  visual  sensatioas.  It  is  evident* 
from  our  experience,  that  the  foveje  form  corresponding  points  (* 
areas.    When  we  look  at  any  object  we  so  move  our  eyes  that  the 
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«o(  the  point  observed  shall  fall  upon  symmetrical  parts  of  the 
ive«;  the  linee  of  sight  of  the  two  eyes  converge  upon  and 
nlhe  point  looked  at.  If,  while  obstTving  an  object,  we  press 
upon  one  eyeball  with  the  end  of  the  finger,  two  images  are 
i  oifcce,  and  they  diverge  farther  and  farther  from  ouch  other 
pnasure  upon  the  eyeball  is  increased.  Kxpcriinent  shows, 
in  a  general  way,  portions  of  the  retina  symmelricallv 
the  right  side  oi  the  fnveii'  in  the  two  eyes  are  cor- 
,  and  the  same  is  tnie  for  the  two  left  halves  and  the  two 
lower  halves.  The  right  half  of  the  retina  in  one  eye  Ls 
iponding  to  the  left  half  of  the  other  retina,  and  trice 
and  the  same  relation  is  tnie  of  the  upper  and  lower  halves, 
tively.  If  we  imagine  one  retina  to  he  lifted  without  turning 
id  over  the  other  so  that  the  foveje  and  vertical  and  horizontal 

P5  coincide,  then  the  corresponding  points  will  be  auperfiosed 
ut  those  portions  of  the  retina  that  represent  the  binocular 
This  statement,  however,  is  theoretical  only;  an  exact  point 
Dt  correspondence  has  not  been  deteinuned  experimentally. 
imenU  have  shown,  however,  that  the  corresponding  points 
I  up|>er  halves  of  the  retinas  along  the  vertical  mid-line  do 
'Vcr  each  other,  that  is,  they  do  not  He  in  the  actuid  anatora- 
ertical  meridian,  but  form  two  meridians  which  diverge 
itrically  from  the  mid-line  so  as  to  make  an  angle  of  about 
■B  (physiological  incongruence  of  the  retinas).  Within  the 
of  our  powers  of  observation  for  onlinaiy  objects  we  may 
Tscheming's  rule. —  namely,  that  when  tlie  images  of 
ect  on  the  two  retinas  are  projected  to  the  same  side  of  the 
of  fixation  they  are  seen  t^ingle,  their  retinal  images  in  this 
Jling  on  the  retina  to  the  same  side  of  the  lines  of  sight ;  when, 
er,  the  retinal  images  fall  on  opposite  sides  of  the  lines  of 
uid  are  projected  to  opposite  sides  of  the  point  of  fixation, 

^16811  double.  The  doubling  of  objects  that  do  not  fall  on 
ding  points  (physiological  diplopia)  is  most  readily 
«tnitcd  for  objects  that  lie  between  the  lines  of  sight,  either 
or  farther  away  than  the  object  looked  at.  If,  for  instance, 
dda  the  two  forefingers  in  front  of  the  face,  in  the  median 
one  hand  being  at  about  the  near  point  of  distinct  vision 
ft  other  as  far  away  as  possible,  it  will  be  noticed  that  when 
■  are  fixed  on  the  far  linger  the  near  one  is  seen  oouhle 
Brcrsa.  In  this,  as  in  other  experiments  in  which  the  eyes 
lommofiated  for  one  object  while  the  attention  is  directed 
ither,  some  difficulty  may  be  experienced  at  first  in  disso- 
5  these  two  acts  which  normally  go  together,  but  a  little 
:e  will  soon  enable  one  to  distinguish  clearly  the  doubling 
point  upon  which  the  lines  of  sight  are  not  converged. 
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If  a  long  stick  is  liHd  horizinitally  in  front  of  the  f*yps  tbr  fod 
near  tlie  face  will  be  doubled  when  the  eyes  are  directed  to  tbs 
far  end  and  vice  va'sa.  Moreover,  by  a  simple  experiment  H 
may  be  shoAva  that  objects  nearer  the  eyes  than  the  point  looketlat 
are  doubled  heteronymously, — that  is,  the  right-hand  image  ht- 
longs  to  the  left  eye  and  the  left-hand  one  to  the  right  eye.  This  is 
easily  demonstrated  by  closin^e  the  eyes  alternately  and  noting 
which  of  the  images  disappears-  The  reason  for  the  cross-proja- 
tion  of  the  images  is  made  apparent  by  the  construction  in  Fip.  150, 
/,  bearing  in  mind  the  essential  fact  that  in  projei'ting  our  retiiul 
images  we  always  project  to  the  plane  of  the  object  upon  which  ihe 
eyes  are  focused.  In  the  figure  the  eyes  are  converged  on  -4;  the 
images  of  point  /?  fall  Ui  opjiosite  sides  of  the  line  of  sight  and  ait 
Been  double  and  are  projected  to  the  plane  of  A,  the  image  on  the 
right  eye  being  projected  to  b*  on  the  left  of  A  and  that  on  the  lefte)? 
to  &  on  the  right  of  A.  In  a  similar  way  it  may  be  shown  thatci*- 
jectfl farther  away  from  the  eye  than  the  point  looked  at  are  doubW 
homonymously, — that  is^  the  right-hand  hnage  belongs  to  the  right 
eye,  and  the  left-hand  one  to  the  left  eye.  The  fact  Ls  explained  bf 
the  construction  in  Fig.  159,  //,  in  which  ,4  Ls  the  point  conveiiprf 
upon  and  B  the  more  distant  object.  In  all  binocular  vision,  ther^ 
fore,  the  series  of  objects  between  the  eye  and  the  point  looked *tan 


'Dutrmnu  to  show  homonymous  and  het«ronymoas  diplopU:  In  /  thjW* 
toe  iruAgea  of  B  fall  on  Don -convApom line  point-* 


Fig.  159,     _  _         , 

•refocuaed  on  A;  toe  imogea  of  B  fall  on  Don -convApom line  point-*. — ttiat  ia*  M 
iftdM  of  the  fove», — &nJ  ore  seen  double,  IxiinK  projecivd  to  the  (>Une  of  j4.civiDf 
onymous  diplopia.      In  //  the  eyes  are  focuaod  on  the  nearer  iKunt,  A.  and  the  fartbor 
Bt  forma  imacee  on  oon-«urreaponding  puint4  andiaaeeo  double* — bomoajtnoiii 
— -Ihe  imaices  being  projected  to  tbe  focal  plaae  A, 
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doubled  hetei*onymously,  and  those  extending  beyond  the  point  in 
the  same  line  are  doubled  homonymously.  Nonnally  we  take  » 
conscious  notice  of  this  fact,  our  attention  being  absorbed  by  the 
object  upon  which  the  lines  of  sight  are  directed.  Some  phvsi* 
olo^ts,  however,  have  assumed  that  the  knowledge  plays  an  in*" 
portant  part  subconsciously  in  giving  ub  an  idea  of  depth  or  pe^ 
spective, — an  immediate  perception,  as  it  were,  of  the  distinctioo 
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k  foregroiincl  and  harkground.   It  is  usually  aiwiimed  that  the 

vpfauiAtion  of  corresponding  points  is  to  be  found  in  the  anatomical 

lent  of  the  optic  nerve  fibers.    Those  fruni  tlic  riglit  halves 

l^^thr  two  retinas,  which  are  corresponding  halves,  unite  in  the 

fil^X  optic  tract  and  are  distributed  to  the  riglit  sicJi?  of  the  brain, 

i-fiuk  liie  fibers  from  the  left  imlves  go  to  the  left  side  of  the  brain. 

Tbt  bi»9  of  the  single  sensation  from  two  visual  images  is  to  be 

llouDd  probably  in  the  fact  that  the  cerebral  temiinulions  through 

flitiA  Uic  final  psychical  act  is  mediated  lie  close  together  or  possibly 

umt«. 

The  Horopter. — In  every  fixed  position  of  the  eyes  there  are 
a  eertain  numlx^r  of  points  in  the  binocular  field  which  fall 
Vpoo  corresponding  points  in  the  two  retiiuis  and  are  therefore 
•ttringle.  The  sum  of  these  f>oints  is  designated  as  the  horopter 
fortliat  position  of  the  eyes.  It  may  l>e  a  straight  or  cur\'cd  line, 
tfi  plane  or  cun'ed  surface.  Helmholtz  calls  attention  to  the  fact 
thit,  when  standing  with  our  eyes  in  the  primary  position, — that 
i^dimcted  toward  the  horizon, — the  horopter  is  a  plane  coinciding 
lithtlie  ground,  and  this  fact  may  possibly  be  of  service  to  us  in 
nOdng. 

Suppression  of  Visual  Images. — It  happens  not  infrequently 
that  when  an  image  of  an  object  falls  upon  non-corresfxinding 
pHBt»in  the  two  retinas  the  mind  ignores  or  suppresses  one  of  the 
■••gBB.    This  peculiarity  is  exhibited  especially  in  the  case  of  per- 
■ns suffering  from  "squint"  (strabismus).     In  this  condition  the 
■drvjdu&l,  for  one  reason  or  another,  is  unable  to  adjust  the  contrac- 
wOb  of  his  eye  muscles  so  as  to  unite  his  lines  of  sight  upon  the 
^jeci  looked  at.    The  image  of  the  object  falls  uj>on  non-corre- 
■P^oding  points  and  should  give  double  vision,  diplopia.    This 
•**uM  undoubtedly  be  the  case  if  the  condition  came  on  suddenly; 
r^  MS  double  vision  results  when  we  dislocate  one  eyeball   by 
T*tflHDg  slightly  upon  it.     But  in  cases  of  long  stantling  one  of  the 
BQiges,  that  from  the  abnormal  eye,  Ls  usually  suppre8se<l.    The 
•ct  of  suppression  seems  to  be  a  case  of  a  stronger  stimulus  prevail- 
ing over  a  we-aker  one  in  consciousness,  just  as  a  painful  sensation 
from  stimulation  of  one  part  of  the  skin  may  be  suppressed  by  a 
itlDoger  pain  from  some  other  region. 

Struggle  of  the  Visual  Fields. — When  the  images  of  two  di»- 
omilar  objects  are  thro^Ti,  one  on  each  retina,  the  mind  is  presented, 
so  to  speak,  simultaneously  with  two  different  sensations.  Under 
circumfltances  what  b  known  as  the  stniggle  of  the  \Tsual 
ensues.  If  the  image  on  one  eye  consists  of  vertical  lines 
and  on  the  other  of  horizontal  Unes  we  see  only  one  field  at  a  time, 
fint  one  then  the  other,  or  the  field  Ls  broken,  vertical  lines  in  part 
and  horixoutal  lines  in  part;  there  is  no  genuine  fusion  into  a  con- 
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tinuoTis,  constant  picture.  The  struggle  of  the  two  fields  is  better 
illustrated  when  different  colors  are  thrown  on  the  two  retiuL 
When  red  and  yellow  are  superposed  on  one  retina  we  obtain  a  com- 
pound sensation  of  orange;  if  they  are  thrown  one  on  one  retini, 
one  on  the  other,  no  such  fusion  takes  place.  We  see  the  fidd 
alternately  red  or  yellow  or  a  mixture  of  part  red  and  part  yeDot, 
or  at  times  one  color,  as  it  were,  through  the  other.  K,  howew, 
one  field  is  white  and  the  other  black  a  peculiar  sensation  of  glitter 
is  obtained,  quite  unlike  the  uniform  gray  that  would  result  if  tlie 
two  fields  were  superposed  on  one  retina. 

Judgments  of  Solidity. — Our  vision  gives  us  knowledge  not 
only  of  the  surface  area  of  objects,  but  also  of  their  depth  or  solidity, 
— ^that  is,  from  our  visual  sensations  we  obtain  conceptions  of  the 
three  dimensions  of  space.    The  visual  sensations  upon  which  tluB 
conception  is  built  are  of  several  different  kinds,  partly  monocular,^ 
that  is,  such  as  are  perceived  by  one  eye  alone, — partiy  binocular. 
If  we  close  one  eye  and  look  at  a  bit  of  landscape  or  a  solid  object 
we  are  conscious  of  the  perspective,  of  the  right  relations  of  foie* 
ground  and  background,  and   those   individuals   who   have  the 
misfortune  to  lose  one  eye  are  still  capable,  xmder  most  circum- 
stances,  of  correct   visual    judgments  concerning  three  dimea-' 
sional  space.    Nevertheless  it  is  true  that  with  binocular  viaoi* 
our  judgments  of  perspective  are  more  perfect,  and  that  under 
certain  circumstances  data  are  obtained  from  vision  with  two  eyes 
which  give  us  an  idea  of  soUdity  far  more  real  than  can  be  obtained 
with  one  eye  alone.    This  difference  is  shown  especially  in  the 
combination  of  stereoscopic  pictures,  and  in  ordinary  vision  when 
the  light  is  dim,  as  in  twilight,  or  in  exact  judgments  of  perspective 
in  the  case  of  objects  close  at  hand.    If,  for  example,  we  close  one 
eye  and  attempt  to  thread  a  needle,  light  a  pipe,  or  make  any  similar 
co-ordinated  movement  that  depends  upon  an  exact  judgment  of 
the  distance  of  the  object  away  from  us,  it  will  be  foimd  that  the 
resulting  movement  is  far  less  perfectly  performed  than  when  two 
eyes  are  used.    The  sensation  elements  upon  which  our  judgments 
of  depth  or  perspective  are  founded  may  be  classified  as  follows:* 

The  Monocular  Elements. — That  is,  those  that  are  experienced 
in  vision  with  one  eye.  («)  Aerial  perspective.  The  air  is  not  en- 
tirely transparent,  and,  therefore,  in  viewing  landscaj^es  the  more 
distant  objects  are  less  distinctly  seen,  as  is  illustrated,  for  instance, 
by  the  haze  covering  distant  mountains.  This  experience  leads  us 
sometimes  to  make  erroneous  judgments  when  the  conditions  are 
unusual.  An  object  seen  suddenly  in  a  fog  looms  large,  as  the 
expression  goes,  since  the  feeling  that  hazy  objects  are  at  a  greM 

*  Sec  Le  Contc,  "Sight,"  vol.  31  of  'The  International  Scientific  Series," 

1881. 
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loftds  Ufl  to  ^ve  a  proportional  overvaluation  to  the  rela- 
My  l»Tj?e  visual  image  made  by  the  near  objei't. 

(6)  Mathematical   perspcctii'e.    The  outlines  of   objects   before 

«iff  projected  upon  the  surface  of  the  eye  in  two  dimensions  only, 

JQglM  Ihey  ape  represented  in  a  drawing.     Tho  lines  that  indicate 

depth  are  thea'forc  foreshortened,  ami  lines  rf^ally  ]mrfllle]  tend  to 

(wiwrp  more  and  more  to  a  vanishing  point  in  proportion  to  their 

Dce  away  from  us.     When  one  standi  between  the  tracks  of  a 

»y,  for  instance,  this  convergence  of  the  parallel  lines  is  tlis- 

tly  apparent.     We  have  learned  to  interpret  this  mathematical 

ive  correctly  and  with  great  accuracy.    The  use  of  this 

pcnpective  in  drawings  Ls,  in  fact,  one  of  the  chief  means  employed 

bjr  the  artist  to  produce  an  impres-sion  of  depth  or  solidity.     For 

difUnt  objects  at  least  this  factor  is  prol>ably  the  most  potent  of 

tkee  that  can  be  appreciated  by  monocular  vision. 

Ibe  bnportance  of  thcmathpmaticalporspcclive  for  our  visual  judRmenta 
aij  be  tQu*tTmt«d  vorv  strilctiiely  by  a  ftimple  oxneriincnt.     If  one  takes  a 
imvct  bfUi  of  short  focuj^  and  standing  at  a  winaow  that  looks  out  upon  & 
kniilieet  holds  the  lens  in  front  of  (he  eyes  at  arm's  length  he  will  be  able 
toi»e,b3r  focusinjc  on  the  inverted  iina^e  fonned  by  the  lens,  that  not  only 
tf»obj#rt«  inverted  an  regards  their  8urfaee  features,  but,  for  most  persona 
I*  letiil,  the  pen*p*«ctive  is  also  inverted.     Objeet»  actually  in  the  forefjround 
till  appear  in  the  hackgrround.  and  one  may  have  the  curious  senwilions  of 
wileKiag  per*>na  who.  a«  they  \v:ilk,  nvvm  to  recede  farther  and  farther  into 
t^ff  distance  in  spite  of  the  fact  that  thev  continue  to  increaae  ii\  sire.     The 
BTfrted  or  p«eudoscopie  vision  thus  produced  is  due  undoubtedly  to  the  in- 
vwfeoo  of  tne  line«  of  perspective.     Parallel  lines  which,  witho\it  the  lens, 
VDuld  Imve  on  the  retina  a  projection  of  this  kind  /\  are  with  the  lens  projected 
kvtrted  U,  and  our  visual   judgments  are  controlled  by  this  factor  in  spite 
of  the  opposing  evidence  from  the  size  of  the  retinal  iniajuies.     In  order  for 
IfeeuMSiment  Co  succeed  it  is  necessary  that  the  objects  viuwed  stiall  be  far 
■00^  away  so  that  a  flat  picture  may  be  ^iveu  by  the  leiis,~t)mt  is,  a  pic- 
tort  in  whicn  the  foci  for  the  near  points  shall  not  differ  practically  from  thtise 
otaon  distant  points,  otherwise  tiie  muscular  moveiuenis  of  uccumniodation 
ffitarfere  with  the  delusion.     The   relative  importance   of   this  Last   factor 
|m»  Mieoeeding  paragraph)  is  well  itlust  rat.ed  by  varvitig  the  experiment  in 
tUs  way:   Place  two  objects  upon  a  weU-hglite<i  table,  one  at  the  near  end 
Md  one  at  the  far  end.    Then  standing  ckise  to  the  table  view  theec  objects 
UuDOgh  the  lens  as  before.     They  will  be  tiecn  in  their  right  relations  to  each 
other.     If,  however,  one  backs  away  from  the  table  while  watching  the  images 
than  will  come  a  distance  at  which  the  near  object  will  be  seen  to  shift  around 
U>  the  rear  of  the  far  object. 


(c)  The  Muscle  Sense  {Focal  Adjiutmeni), — For  objects  near 
enough  to  require  accommodation  it  is  obvious  that  the  nearer 
object  will  need'  a  stronger  contraction  of  the  ciliary  muscle,  and 
•bo  of  the  internal  rectus  in  order  to  bring  the  Line  of  sight  to  bear 
emrectly.  By  means  of  the  fibers  of  muscle  sense  we  have  a  verv 
,  exact  conception  of  the  dei^ree  of  contraction  of  these  muscles,  and 
this  sensation  is  perhaps  the  most  important  factor  used  In  making 
our  monocular  judgments  of  depth  for  objects  at  a  short  distance 


_i 


378 


THE   SPEaAL   SENSES. 


In  binocular  vision  the  same  factor  is  doubtless  of  increased  effi- 
ciency by  reason  of  the  sensations  obtained  from  the  two  eyes. 

While  there  is  experimental  evidence  (Sherrington)  that  this  factor  phjv 
a  rdle,  it  is  a  fact  that  the  orifpn  of  the  afferent  fibers  assumed  to  exist  has  not 
been  determined.    Apparently^  they  do  not  come  from  the  fifth  nerve. 

((f)  The  disposiiian  of  lights  and  shades  and  the  size  of  famHiof 
objects.  It  may  be  assumed  that  in  distant  vision  of  complex 
fields  the  varying  lights  and  shades  exhibited  by  objects  according 
as  they  stand  in  front  of  or  behind  each  other  also  aid  our  judg- 
ment. The  actual  size  also  of  the  retinal  images  of  familiar  objects- 
such  as  animals,  trees,  etc. — ^ves  us  an  accessory  fact  which  caor 
tributes  to  the  impression  derived  from  the  sources  mentioned 
above.  These  factors  are  employed  with  effect  by  the  artist  in 
strengthening  the  general  impression  which  he  washes  to  give  of 
the  difference  between  the  foreground  and  the  background. 

The  Binocular  Perspective. — In  binocular  vision  there  is  an 
additional  element  which  contributes  greatly  to  our  judgment  d 
depth.    This  element  consists  in  the  fact  tiiat  the  retinal  imagoB 
of  external  objects,  particularly  near  objects,  are  different  in  the  two 
eyes.    Inasmuch  as  the  eyes  are  separated  by  some  distance  U» 
projection  of  any  solid  object  upon  one  retina  is  different  fnmi 
the  projection  on  the  other.    If  a  truncated  pyramid  is  held  in 
front  of  the  eyes,  the  right  eye  sees  more  of  the  right  side,  the  Irft 
more  of  the  left  side.    The  projection  of  the  same  object  upon  the 
two  retinas  may,  in  fact,  be  represented  by  the  drawings  given  in 
Fig.  160.     Whenever  this  condition  prevails,  whenever  what  we 
may  call  a  right-eyed  image  of  an  object  is  thrown  on  the  right  eye 
and  simultaneously  a  left-eyed  image  on  the  left  eye,  whether  in 
nature  or  by  an  artifice,  we  at  once  perceive  depth  or  solidity  in  the 
object.    This  fact  is  made  use  of  in  all  devices  employed  to  produce 
stereoscopic  vision. 

Stereoscopic  Vision. — Stereoscopic  pictures  may  be  obtained 

by  photographing  the 
same  object  or  collec- 
tion of  objects  from 
slightly  different 
points  so  as  to  get  a 
right/^yed  and  a  left- 
eyed  picture;  or  for 
simple  outUne  pic- 
tures, such  as  geo- 
metrical figures,  tiiey 
may  be  made  by  draw* 
ings  of  the  object  as  seen  by  the  two  eyes,  respectively  (see  Figs. 
160  and  162).    Any  optical  device  that  will  enable  us  to  throw  the 


Fig.  160. — ^Right-  and  left-eyed  images  of  trunoated 
pyramid.  May  be  combined  to  produce  aqlid  image  by 
relaxinK  the  accommodation. — that  is,  gasing  to  a  dis- 
tance through  the  book. 
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l^twyi^  pietUFC  on  the  right  eye  and  the  left-eyed  picture  on 
Wt  rye  eonstitut<*s  a  stertHiscope.     Many  different  forms  of 
Dpe   have   been   devised; 

ooe  that  Ls  most  frequently     A  

U  llie   Breit'ster  stereoscope  j\  \  / 

t«d  in   principle  in  Fig.  /   \        Vi 

E^h  eye  views  its  corre-  /      \    /\ 

picture  through  a 
prism.  The  sight  of  the 
•ttI  picture  is  cut  off  from 
,!it  eye,  and  tice  versOf  by 
k  ptfiilion  extending  for  some 
dkaoce  in  the  median  plane. 
Iht  prisms  are  placed  with  their 
Im  outward  and  the  rays  of 
i^  from  the  pictures  arc  re- 
lactKi,  as  shown  in  the  diagram, 
V  as  to  aid  the  eye*  in  converg- 
ing tikdr  line^of  sight  u|X)n  the 
■BM  object.  The  prisms  also 
wtffMy  the  piciuref  somewhat. 
ftmecopic  pictures  are  mounted 
maS\  'or  this  inst rument  so  that 
the  distance   between   the  ^^ame 

objwt  in  the  two  pictures  Ls  alx>ut  80  mms. — greater,  therefore,  than 
Lhi'initTucviIar  distance.    A  simple  form  of  sterci^soojje  that  is  very 
rfpctive  and  interesting  is  sold  under  the  name  of  the  aiwgfyph. 
The  vifo  picture.**  in  this  case  are  approximately  .superposed,  but  the 
cwilines  of  one  are  in  blue  and  the  other  in  red.     When  looked  at, 
tiienfon;,  the  picture  gives  an  oniinar>'  flat  view  with  confused 
'*d-blue  outlines.     If,  however^  one  holds  a  piece  of  red  glass  in 
fHKjt  of  llie  left  eye  and  a  piece  of  blue  glass  in  front  of  the  nght  eye, 
*'''  mopc  conveniently  uses  the  pair  of  spectacles  provided  which 
lave  hhie  gla&i  on  one  side,  red  on  the  other,  then  the  picture  stands 
out  at  once  in  solid  relief  with  surprising  dktinctness — and  as  a 
Nick  and  white  object  only.     The  red  and  blue  glassei*  in  this  case 
smply  serve  to  throw  the  right-eyed  image  on  the  right  eye  and  the 
ieft-eye^i  image  on  the  left  eye.     Assuming  that  the  right-eyed 
injage  is  outlined  in  red,  then  the  blue  glass  should  be  in  front  of  the 
right  eye.     This  glass  will  absorb  the  red  rays  completely  so  that 
^  the  r^i  outlines  in  the  picture  will  seem  black  and  a  distinct  right- 
eyed  picture  ia  thrown  on  the  right  eye,  distinct  enough  to  make  us 
the  much  fainter  image   in  blue,   which    is  also  trans- 
through  the  blue  glass.     The   red   glass   before  the  left 


ie.   UU- — DUrnun  to  iUu^tmte  ths 

iple    of    Ibe    Brewster    ptereo**cnpo 

ILandoi*):  P  and  /",  the  prising,  a,  6, 
ftnd  «,  p.  the  left- and  ri-'bt-eycd  picturea, 
reapecUvely,  6.  fl,  bcin«  a  [xunt  in  rha 
foreground  and  a.  «,  ft  point  iu  the  baek- 
rround.  llw  eyw  are  ooaverswl  Mut 
locuae-d  Reparmtely  for  caeh  point  aa  m 
▼iewing  naturally  an  ob>ect  of  U»«o  di- 
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Fig.  162. — Sf<ref*m'<inic  picture  of  an  octahe- 
dral cryrttal.  Muy  be  conibmpil  r-ipre<iicitpi«iUy 
by  relaxine  tlip  uccomiiitxlutit^ri  liy  the  method 
of  heteiT 
distance 


r  hetemnymouA  lUpiorila.     iJolii  the  object  at  a 
'  or  B  foot  or  mure  and  Ka«e  beyond. 


eye  cuts  out,  in  the  same  way,  the  right-eyed  image  and  prvien^ 
in  dark  outline  the  left-eyed  ijuago.  By  simply  reveniing  thf 
spectacles  the  right-eyeii  image  may  be  thrown  xipon  the  left  v\f 
and  vice  versa.     Under  these  conditions  the  ]>lrturo  fur  meet  (ler- 

sons  may  Ik*  seen  Lq  inverurf 
relief   (^pseudoseopic  viiiooi, 
objects  in  the  foregj\»uncl  rt- 
cc<linp:  into  the  backgrouiHi. 
This  inversion  of  the  relief 
wlien  thepiojeetioii  ui)ot»tl» 
retinas  is  reversed  is  a  sink'  i 
inir  indication  of  the  jx)lefl(7 
of  the  normal  projei'tion  a5» 
fact«>r   in   our  jud^incntrtof 
solid  objects.     It  will  Ije  ^  I 
serx'ed.  moreover,  that  thoflft  | 
pictures     that    show    leifl 
mathematical  perspective  are  the  most  readily  inverted,  and  thil ' 
the  ability  to  invert  the  pictui-e  varies  in  tlifTei-ent  indlviduaU:  \s 
some,  vvhnt  we  have  called  the  binocular  perspective,  founde*]  upon 
the  dissimilar  images,  prevails  over  the  mathematical  perspectiw 
more  readily  than  in  othei's. 

StenM>scopic  pictures  may  also  be  combined  very  succearfdlf  , 
without  the  u.se  of  a  stereoscope  by  virtue  of  the  phenomenon d 
physiological  diplopia.  If,  for  instance,  two  stereoscopic  drawing  1 
such  as  are  representcrl  in  Fig.  1(32,  are  held  before  the  eyes  anri  *»W 
relaxes  his  aceomnindiition  s(j  as  to  look  through  the  pictures.  a«i5 
were,  to  a  point  beyond,  then,  in  accordance  with  what  wa>  ^tJlled 
on  p.  373,  each  jjicture  gives  a  double  image,  since  it  falls  on 
non-corresponding  parts  of  the  two  retinas.  Four  pictures,  there- 
fore will  be  seen,  all  out  of  focus.  With  a  Httle  practice  one  rjin» 
converge  his  eyes  as  to  make  the  two  middle  images  come  togetlitir. 
and  since  one  of  these  is  an  image  of  the  right-eyed  picture  and  i» 
falling  on  the  right  eye,  and  the  other  Is  a  left-eyed  picture  fallins 
on  the  left  eye,  the  combination  of  the  two  fulfills  the  neceaaan" 
conditions  for  binocular  j>erspective.  The  figure  stands  out  ifl 
bold  ii'lief. 

Explanation  of  Binocular  Perspective. — Our  perccptiou  «f 
solidity  or  relief  is  a  secondare'  jisycliical  act,  and,  so  far  as  the  biw)^ 
ular  element  is  concerned,  it  is  based  upon  the  fact  that  theinwi^ 
are  slightly  different  on  the  two  retinas;  but  why  this  ilissimikri^j^ 
should  produce  an  inference  of  this  kind  is  not  entirely  underetooi 
Certain  facts  have  been  pointed  out  as  having  a  probable  beariDf 
upon  the  mental  process.     In  the  first  place,  in  stereoscopic  pictur* 
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\  m  nrntorv,  we  do  not  see  the  whole  field  at  once.    To  see  the  ob- 

\  kn  the  foreground  the  eyeballs  must  he  converged  by  the  eye 

i  so  that  the  lines  of  sight  may  meet  in  the  object  regarded. 

I  attention  is  paid  to  objects  in  the  Imckground  less  convergence 

ilM(»wnry  (see  Fig.  161).    The  |)oint  of  fixation  for  the  lines  of 

ij^  is  kept  continually  moving  to  and  fro,  and  tho  sensation  of 

titf  muscular  movement   pos-siWIy   phiys  an  unf)or1ant  ])art  in 

luring  us  the  idea  of  depth  or  solidity.     For  pcrsoius  not  practised 

ktke  matter  of  obeer\'ing  stereoscopic  pictures  the  full  idea  of  relief 

COOKS  oiit  only  after  this  miisculnr  activity  has  been  calle<l  Uf>on. 

Bot  for  the  practised  eye  this  play  of  the  muscles  is  not  absolutely 

,    The  stereoscopic  picture  stands  out  in  relief  even  when 

laminftted  momentarily  by  the  light  of  an  electric  sjmrk.    The  pcr- 

RptioD  of  solidity  in  this  case  is  instantaneous,  and  it  has  been  sug- 

|Hted  that  this  result  may  depend  upon  the  inimediate  recognition 

tf  phynologicfll  diplopia. — that  is,  the  fact  that  objects  nearer  than 

tike  point  of  fixation  are  doubled  heteronyraously,  while  those 

fwther  away  are  doubled  homonymously  (see  p.  374).     Such  an 

•Sect  can  only  be  produced  distinctly   by  objects  having  depth 

md  poflsibly  in  the  case  of  the  traine<i  eye  it  alone  is  sufficient  to 

r^  the  immediate  inference  of  solidity  or  relief,  while  the  un- 

llained  eye  requires  the  accessory  sensations  aroused  by  focal 

"*'nt,  mathematical  i>erspective,  etc, 

judgments  of  Distance  and  Size. — Judgments  of   distance 

nd  sire  are  closely  related.     Our  judgments  regarding  size  are 

baad  primarily  upon  the  size  of  the  retinal  image,  the  amount  of 

the  visual  angle.     This  datum,  however,  is  sufficient  in  itself  only 

for  objects  at  the  same  distance  from  us.     If  they  are  at  difTerent 

(fatinces  or  we  suppose  that  such  is  the  case,  our  judgment  of  the 

'iltaiice  controls  our  judgment  of  size.    This  fact  is  beautifully 

Aown  in  the  case  of  after-images  (see  p.  352).    When  an  after- 

noage  of  any  object  is  obtained  on  the  retina  our  judgment  of  its 

■»  depends  altogether  on  the  distance  to  which  we  project  it. 

If vnelook  at  a  surface  near  at  hand,  it  seems  small:  if  we  gaze  at  a 

will  many  feet  away  it  is  at  once  greatly  enlargeiL    The  familiar 

ivtaace  of  the  variation  in  the  size  of  the  full  moon  according  as  it 

ilIMn  at  the  horizon  or  at  the  zenith  de[x*nds  ujx)n  the  same  fact. 

The  distance  to  the  horizon  as  viewed  along  the  surface  of  the  earth 

aBOBH  greater  than  to  the  zenith;  we  picture  the  heavens  above  us 

m  an  arched  dome  flattened  at  the  top,  and  hence  the  same  size  of 

rrtinal  image  i.**  inteq^reted  as  larger  when  we  suppose  that  we  see 

ii  at  ft  greater  distance.     Our  judgmeYit.«  of  distance,  on  the  other 

haad.  dejjend  primanly  upon   the    data  already   enumerateil    in 

apoaking  of  the  pen*eption  of  solidity  or  depth  in  the  visual  field. 
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For  objects  within  the  limit  of  accommodation  wp  depend  chiefly 
on  the  mus^cle  sense  aroused  by  the  art  of  focusing  the  eyes.— that 
is,  the  c'ontraction.s  of  the  <*iliiir>'  and  of  the  extrinsic  muscles.  For 
objects  outside  the  Omit  of  accommodation  we  are  influenced  by 
binociihir  pernpective,  inathematical  p(Tsp«K'tive.  aerial  per>;pertivp» 
etc.  Rut  )iere  again  our  judgment  of  distance  is  greatly  influencwl 
in  the  case  of  familiar  objects  by  the  size  of  the  retinal  image.  A 
fitrikinp;  instance  of  the  latter  fact  is  obtained  by  the  use  of  field 
glasses  or  opera  glasses.  When  we  look  through  them  property 
the  size  of  the  retinal  image  is  enlarged,  and  the  objects,  therefore, 
seem  to  be  nearer  to  us.  If  we  reverse  the  glasses  and  look  through 
the  large  end  the  size  of  the  retinal  image  is  reduced  and  the  objects, 
therefore,  seem  to  be  much  farther  away,  since  under  nonnal  condi- 
tions such  small  images  of  familiar  objects  are  formed  only  when 
they  Hre  at  a  great  distance  from  us. 

Optical  Deceptions. — Wrong  judgments  as  reganls  dL«taiMe 
and  size  are  frequently  made  and  the  fact  may  be  ilhistrated  in  a 
number  of  interesting  ways.  Thus,  in  Fig.  163  the  lines  A  and  5 
are  of  the  same  length,  but  ^  seems  to  be  distinctly  the  longer.  ^ 
in  Fig,  104  the  vertical  linens,  iilt hough  exactly  parallel,  seem,  oo 
the  contrary,  to  run  obliquely  with  reference  t-o  one  another.  Both 
of  these  deceptions  depend  apparently  upon  our  inability  to  estimsle 
angles  exactly;  we  undervalue  the  acute  angles  and  oven*ftlue  ihcat 


Fig.   163. — MttUer-Lyer  figurtM  to  nhow  illiuiioD  in  mtmott  perception.     The  lizMi  A  »»d9 

arc  of  I  he  atttne  length. 

that  are  obtuse.  A  very  remarkable  delusion  is  given  by  Fig.  165. 
If  the  boi>k  is  hehl  flat  at  the  level  uf  tiie  cfiin  and  sbc  or  eigbl 
inches  from  tht^  face  an*l  the  eyes  are  focused  on  the  point  li 
intiTsection  of  any  two  of  tlie  lines,  a  third  line  will  be  seen  per- 
pendicular to  the  plane  of  the  other  two,  and  projecting  verticAlly 
from  the  surface  of  the  pa|?e.  A  row  of  these  vertical  lines  will 
be  seen  if  the  distance  is  [)rof>erly  chosen.  As  one  bendu  tbc 
head  from  side  to  aide  the  lines  sway  in  the  same  directioa 
forms  a  ver}'  striking  instance  of  the  fact  that  we  may  see 
distinctly  a  thing  that  has  no  real  existence, — a  case,  therefofft 
in  which  we  can  not  trust  our  senses.  The  delusion  seems  to  bt 
due  to  the  fact  that  the  two  line^>  in  the  jxisition  indicated,  fomi 
a  projection  on  the  retina  such  as  would  be  niade  by  an  acluJ 
vertical  rod  placed  at  the  point  at  which  we  scse  one.  Fig  \^ 
gives  an  interesting  illustration  of  the  way  in  which  our  jurfg- 
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ment  of  solidity  may  vary  with  our  interpretation  of  mathe- 
matical perspective  and  shading  when  these  factors  are  arranged 


01 


//r.< 


\ 


\ 


\ 


\ 


\ 


s 


\ 


\ 

\ 


1^^ 


\  / 


// 
// 
// 
// 


W 
W 
\\ 


/ 


'^\ 


/ 


/ 

/ 


.1 


/ 


Fis.  164.~Z«Uiier'8  lines. 

to  give  more  than  one  choice.  If  the  figure  is  looked  at  steadily 
it  mav  assume  several  different  appearances;  two  are  especially 
prominent.     We  may  see  two  cubes  resting  upon  a  third  one, 


Fit.  IW- — optical  illusion  in  projection.— (^ranJUtn.) 

^h  with  the  black  side  undermost,  or  we  may  see  one  cube  rest- 
ing on  two  under  ones,  each  with  its  black  side  uppermost.    Our 
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judgment  in  the  matter  changes  from  one  interpretation  to  fhe 
other  without  any  apparent  cause.  That  the  act  of  accommodi- 
tion  plays  a  part  in  the  changes  is  shown  by  the  fact  that  if  qm 


Fift.  166. — Fi^re  to  illu.>«tmte  binocuJar'ileceptioas  dependins  upon  different  _ 
preUtioDflar  the  mLlhemahcal  perntw-ctive  ami  ttie  lij^hts  and  shada*.  On  fannf  &a)Ul 
tba  unAC"  ^^i  cliange  fnjtn  a  dingle  cutie  with  black  tup  resting  oo  two  otbcn  with  blMt 
tope,  to  one  of  two  cubes  witb  black  botlomn  reeling  upon  a  tingle  cube  with  fabci 
bottom.     StiU  other  figured  may  appear  Xrom  cLme  lu  tune. 


focuses  for  the  point  a,  this  point  may  be  held  in  the  forepound 
and  the  second  of  the  above  appearances  be  seen.  While  if  the 
eyes  are  accommodated  stronjjly  for  point  b,  it  will  be  lirou|rtit 
forward  and  the  first  of  the  two  appearances  described  18  brougbt 
into  view. 


PHYSIOLOGY  OF  THE  EAR. 


CHAPTER  XX. 

[THE  EAR  AS  AN  ORGAN  FOR  SOUND  SENSATIONS. 

Id  discussing  the  physiology  of  the  ear  it  is  necessar>'  to  consider 
!  functional  importance  of  its  various  parts,  the  external  ear 
tsting  of  the  lobe  or  pinna,  the  external  auditor^'  meatus,  and 
^tTmptnic  membrane;  the  middle  ear.  with  its  chain  of  ossicles, 
■clesaud  ligaments,  and  the  Eustat-hian  tube;  and  the  internal 
i  with  its  cochlea,  vestibule  (utriculus  and  sacculus),  and  semi- 
■  canals.     The  eighth  cranial  or  so-called  auditor^'  nerve  is 


n;;.-  '- 


•  197 — Samtdiairnmfnatic  section  throucb  the  n«ht  car  (CMrmaIr):  (7.  ExtertuU 
/  moACUtf-  r,  iD«mbr&nA  tympani:  /',  tvtiipamc  cavity;  o,  feiMMtrm  ovaJi-4;  r,  f«D- 
■tttiwU:  B,  wmiotreular  cauai;  ^,  cochlea;  I'f.  miJ*  watibuii;  Pt^  snLi  tynipaai; 
vchiu  tube. 

•Wbuted  entirely  within  the  internal  ear;  the  fibers  of  the  coch- 

*  branch,  which  alone  perhaps  are  concerned  vnih  hearing,  end 
^^^^  the  sensor}'  ner\'e  cells  of  the  cochlea,  while  the  vestibular 
^'^^h  supplies  similar  sense  cells  situated  in  the  utriculus,  sacculus, 

*  the  ampullfp  of  the  semicircidar  canals.     We  may  consider 

*  the  functions  of  the  ear  in  respect  to  the  sensations  of  sound, 
••omewhat  c^)mplicatcd  anatomy  of  the  parts  concerned  should 

36  ^H5 
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be  obtained  from  the  special  works  on  anatomy  or  histolc^.  For  ' 
the  purposes  of  a  physiological  presentation  the  schematic  figun 
employed  by  Czermak  and  reproduced  in  Fig.  167  will  suffice  to 
exhibit  the  general  anatomical  relations  of  the  parts  concerned  is 
the  transmission  of  the  sound  waves  from  the  exterior  to  the  eocUei 
The  Pinna  or  Auricle. — ^The  pinna  opens  into  the  external  met 
tus  by  means  of  a  cone-shaped  depression,  the  concha.  The  vhole 
organ,  and  especially  the  concha,  may  be  considered  as  fulfilliag 
more  or  less  perfectly  the  ftmction  of  collecting  the  soimd  \rav» 
and  reflecting  them  into  the  meatus.  In  the  lower  animals  the  covr 
cave  shape  of  the  ear  and  its  motility  probably  make  it  much  more 
useful  in  this  respect  than  in  the  case  of  the  human  ear.  But  evea 
in  man  the  pinna  is  valuable  to  some    extent  in  intensifying  the 

appreciation   of    sounds  asd 
also  in  enabling  us  to  deter- 
mine their  direction.    The  exr 
temal  auditory  meatus  has  * 
length  of  about  21  to  26  mmB-i 
and  a  capacity  of  somethiX>S 
over    one    cubic    centimet^^' 
Its  course  is  not  straight,  b«-*^ 
passes   first   somewhat  baci^' 
ward  and  upward,  and  th^^ 
turns  forward  and  inward  t>^ 
end    against     the    tympanE^' 
membrane.    All  sound  wave^^ 
that  affect  the  drum  of  the  ea^^ 
must,  of  course,  pass  througfat- 
this  canal. 

The      Tympanic      Mem- 
brane.— ^The  tympanic  mem- 
brane closes  the  inner  end  of 
the  meatus  and  lies  obliquely  to  the  axis  of  the  canal,  its  plane 
making  an  angle,  opening  downward,  of  150  degrees.     The  mem- 
brane, although  not  more  than  0.1  mm.  thick,  consists  of  three 
coats :  a  layer  of  skin  on  the  external  surface,  a  layer  of  mucous 
memljrane  on  the  side  toward  the  middle  ear,  and  in  between  & 
layer  of  fibrous  connective  tissue.    The  middle  layer  gives  to  the 
membrane  its  peculiar  stmcture  and  properties.     In  form  the 
membrane  has  the  shape  of  a  shallow  funnel  with  the  apex,  or 
umb(>,  as  it  is  called,  somewhat  below  the  center.     The  fibers  of 
the  fibrous  layer  are  arranged  partly  circularly  and  partly  in  Unea 
radiating  fmm  the   umbo  to  the  peripheral  margin  (Fig.  168). 
The  walls  of  the  funnel  are  slightly  convex  outwardly;  so  that 
each  radiating  fil)er  forms  an  arch.   On  the  inner  side  of  the  mem- 
brane the  chain  of  ear  ossicles  is  attached,  so  that  the  vibrations 


Fig.  168. — To  show  the  structure  of  the 
tympanic  membrane,  looked  at  from  the  eide 
oi  the  meatus  {Henten) ;  ax.  The  axis  of  rota- 
tion of  the  ear  bones;  d^  the  incus;  a,  the 
bead  of  the  malleus. 
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[  the  membrane  are  transmitted  tlirectly  to  these  bones.  The 
PpruliAT  form  of  the  membrane,  its  funnel  shape,  its  arched  sides, 
iMd  iu  uns>'mmetncal  division  Ij>'  the  umljo  are  suppose<l  to  con- 
tiibuie  to  its  vahie  as  a  transmitter  of  the  souml  vibrations  of  the 
air.  la  the  first  pLire,  the  membrane  shows  little  tendency  to 
iftcr-NibmUons,  -tliat  is,  when  set  in  motion  by  an  air  wave  it 
Aows  little  or  n:>  tendency  to  continue  vibrating  after  the  acting 

2  1 


fw  r 


u- 


—  'It.  !••.— Tymnunmi  of  rifht  mde  with  OMielas  in  pboe.  viewed  from  within  fnrter 
P^Vii  1.  Body  of  iDeu:  Z,  maspeiuory  iiickmant  of  nuUieus;  3,  lijE&rnent  nf  inctk«>;  4. 
M««f  BaOetM;  5,  epitympMiie  cavity;  (L  chords  tympani  nerve;  7.  tcodoo  of  leiiBur 
BiMple;  S.  foot-^Hece  of  .^irnjp;  9.  ox  orbirulAfe;  10,  manubrium;  11.  teoeor 
iKQKlei    13,  tnembrmaa  tviupani:    13,  Euatactuan  tube. 

forte  has  ceased.  It  is  obvious  that  such  a  property  is  valuable  in 
Widering  hearing  more  tlistinct,  and  the  peculiarity  of  the  mem- 
'■toe  in  this  respect  is  attributed  partly  to  its  special  form  and 
pwtly  to  the  damping  action  of  the  bones  attached  to  it.  In  the 
iBoood  place,  the  arched  sides  of  the  funnel  art  as  a  lever,  so  that 
ibemovements  at  these  parts  are  transmitted  to  the  umbo  with  a 
diminution  in  amplitude,  but  an  intensification  in  force.  It  is  at 
,tbc  umlxi  that  the  movement  is  communicated  to  the  ear  bones. 
The  Ear  Bones. — ^The  three  ear  bones — the  malleus,  the  incus, 
tbe  stapes — taken  together  fonn  a  chain  connecting  the  tym- 
membrane  with  the  membrane  of  the  fenestra  ovalis.  By 
meftDS  the  vibrations  of  the  tympanic  membrane  are  com- 
icated  to  the  membrane  of  the  fenestra  ovalis  and  thus  to  the 
trilytnph  filling  the  cavity  of  the  internal  ear.    The  l)one8  consist 
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of  spongy  material  witli  a  compact  surface  layer.  Their  general 
shape  and  cutiufutioiis  are  illustrated  in  Figs.  169  and  ITU.  To 
understand  the  manner  in  wluch  the  chain  of  lx)ne8  acts  In  conr 
veying  the  vibrations  from  one  membrane  to  the  other  some  point! 
in  their  structure  and  connections  may  be  recalled.  Tfie  mitlim 
18  about  8  to  9  mm.  long,  and  hui\  an  average  weight  of  23  iniUi- 
grams.  Its  long  himdlc  is  imbedded  in  the  tympanic  menihnuit. 
the  tip  reaching  to  tlie  umbo.  The  large,  rounded  head  project? 
al>ove  the  upper  edge  of  the  {>niipanic  membrane  and  f».»rms  a  irur 

joint  of  a  pecidiar  nature  with  the 
incus.  It  has  two  processes  in  ad- 
dition to  the  manubrium :  a  short 
one,  processus  brevis,  that  presses 
against  tiic  upper  edge  of  the  t}ii>* 
panic  membrane,  and  a  longer  ooe, 
the  processus  gracilis  or  prf>ces5US 
Folianus,  which  projects  fonMfl 
anrl  is  continued  by  a  ligament.  tl« 
anterior  ligament,  through  which 
the  malleus  is  attached  to  the  bony 
wail  o(  the  tympanic  ca\'ity.  Tlww 
other  ligamentvS  are  nttAchetl  to  the 
malleus,  the  external  ligament, bind- 
ing it  to  the  exteniai  face  of  ti« 
cavity,  the  posterior  ligament,  and 
the  sujierior  ligament,  the  latter  at* 
taching  the  upper  part  of  the  betd 
to  the  roof  of  the  tympanic  ca\'ity.  By  means  of  these  ligamenia 
the  bone  is  held  steadily  in  jmsition  even  after  its  comiertiona 
with  the  inous  are  loosened.  The  inciui  is  somewhat  more  maa- 
sivc  than  the  malleus,  weighing  about  25  milligrams.  Ita  thicker 
portion  articulates  with  the  head  of  the  malleus,  and  it  hasl«o 
jirocesses  nearly  at  right  angles  to  each  other.  The  shorter  prucfM 
extends  posteriorly  and  is  attached  by  a  ligament  to  the  posterior 
wall  of  the  tympanic  ca\ity;  the  long  process  passes  downward 
parallel  with  the  handle  of  the  malleus,  but  turns  in  at  the  tip 
to  fonn  the  rounded  os  orbicuhire,  which  articulates  with  the 
head  of  the  stapes.  This  latter  bone  is  extremely  light,  weighing 
about  3  milligrams,  its  oval  base  being  attached  to  the  margiM 
of  the  fenci^tra  ovalis  by  a  short,  stiff  membmne. 

The  Mode  of  Action  of  the  Ear  Bones. — The  movemenlirf 
the  tympanic  membrane  arc  communicated  to  the  tip  of  the  haiuik 
of  the  manubrium.  As  the  handle  moves  in.  the  chain  of  bootf 
makes  a  rotary'  movement  around  an  axis  which  may  be  defined  it 
the  line  passing  through  the  attachment  of  the  short  prwessoftbf 
uacus  and  the  anterior  ligament  of  the  malleus.    The  general  pus- 
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Fijt.  170— The  bon^  of  the 
middle  ear  in  natural  ronnectionn 
{Hdmhotuy.  M,  The  maUeus:  Mcp, 
the  head;  Mc,  the  neck;  if/,  the 
prooeants  gimalis;  Mm,  Uw  manu- 
brium; ic,  body  of  Uiti  ineus;  /6, 
ffhort  prooera;  tl,  lunj;  proooas;  5, 
the  alajMM. 
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»•?,  accoRling  to  the  part  of  the  cot'hioa  fxaniinerl  on  the  outer 
'  of  the  rods  of  Corti.  Their  total  numfjer  htis  been  estimated 
lerently  by  different  observers;  but,  accepting  the  lower  figures 
^Iven,  it  may  Ije  said  that  there  are  at  least  3500  inner  hair  cells 
I  Mtul  13,000  outer  ones,  giving  a  total  of  16,.5O0  or  more.  The  theory 
^■aUy  proposed  to  account  for  the  niechaniijiu  by  wliioh  the  ^dbra- 
Nwisof  the  perilymph  affect  these  cells,  and  especially  the  expla- 
nation of  Uie  means  by  which  different  sounds  affect  tlifferent  cells, 
is  liiul  there  is  contained  in  the  cochlea  a  meclmnism  which  acts 
sympathetic   resonance.     To  make  this  theor)-  clear  a  short 


Tit  172  — Di aicrammfttic  view  of  the  ornn  of  Corti,  the  sense  cells,  and  llio  ftcceeeory 
■Jnimirta  uf  the  raembranouA  coohle*  (7>«fuO:  -^i  Inner  roda  of  Corti ;  J3,  outer  roaa 
vCurti  ;  (*.  tunnel  of  Corti  ;  D^  basilar  membrane;  B,  single  row  of  inner  Wr  (sense) 
otti;  ft,  0*.  0'.  rowt  or  outer  hair  (nenae)  cells;  7,  7'.  mipporttox  oella  of  DpiLith.  The 
*di<4  the  inner  luiir  crlU  are  seen  prnjerting  through  the  openings  uf  ibe  leiiculate 
paatmam.  Tbe  terminal  arborixaUons  uf  the  cochlear  iien.'a  fibera  end  uruuud  the 
■V  and  outer  hair  celU. 

(fcsrription  must  be  given  of  the  nature  of  sound  waves  and  the 
physind  facts  in  regard  to  sympathetic  resonance. 

The  Nature  and  Action  of  Sound  Waves. — Sound  waves  in 
»ir  consist  of  longitudinal  vibrations  of  the  air  molecules,  alternate 
phwes  of  rarefaction  and  condensation.  For  convenience'  sake, 
thcie  waves  are  usually  represented  graphically  after  the  manner  of 
titer  wax'es,  by  a  ciu^eil  line  rising  above  and  falling  below  a 
nwdian  zero  line,  the  ordinates  above  the  zero  line  representing 
tbepb&se  of  condensation,  and  those  below  the  phase  of  rarefaction. 
*ni«c  waves  are  produced  by  the  vibrations  of  the  sounding  body, 
«id  may  vary  greatly  in  length,  in  amplitude,  and  in  form.  For 
toifflcal  sounds  witliin  the  range  of  hearing  the  length  of  the  waves 
flaj  var>*  from  forty  to  seventy  feet,  at  the  one  extreme,  to  a  frac- 
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are  stimulated,  and  nerve  impulses  are  thereby  arouaed  in 
fibers  of  the  cochlear  nen^e.  Ankylosis  of  the  ear  bone«  impedii 
their  movements  and  impairs  the  delicacy  of  hearing,  and  if  the  an- 
kylosis affects  the  base  of  the  stapes  at  its  insertion  intn  the  fenestra 
ovalis  practically  complete  deafness  ensues.  The  articulation  iif 
the  head  of  the  malleus  with  the  body  of  the  incus  is  a  j:»eculiar 
saddle-shajjed  joint,  which,  according  to  the  description  given  liy 
Helmholtz,  acts  like  a  cogged  or  ratchet  movement.  When  the 
tympanic  membrane  moves  in  and  the  head  of  the  malleus,  thew- 
fore,  moves  outward,  the  joint  locks,  so  that  the  incus  follows  the 
malleus.  If^  however,  from  any  unustud  cause  the  tympanic  mem- 
brnne  is  moved  outward  from  its  resting  position,  as  may  result,  for 
instance,  from  a  marke^l  fall  in  air  pressure,  then  the  malleus-incitf* 
joint  unlocks  and  the  incus  fails  to  follow  completely  the  movetnmt 
of  the  malleus,  thereby  protecting  the  stnjctures  in  the  interna!  ear. 
Muscles  of  the  Middle  Ear. — Two  small  muscles  are  present  ifl 
the  middle  ear:  the  tensor  tympani  and  the  stapedius.  The  forrorf 
arises  in  a  groove  just  abo\'e  the  Eustachian  tube  and  its  long  tendon 
is  inserted  into  the  neck  of  the  malleus  just  below  the  axis  of  rotation. 
The  muscle  is  inner\'ute<l  by  a  branch  of  the  fifth  nen-e.  It 
obvious  tliat  wlicn  this  muscle  contrai-ts  it  must  pull  the  tyrapsnid 
membrane  inward  and  put  it  under  greater  t^'nsion.  It  has  l)fcft 
shown  that  in  some  persons  this  muscle  can  be  contracted  voluntar- 
ily, the  tjTiipanic  membrane  being  pulltM.1  inward,  t  The  stapedis 
muscle  arises  fnnu  the  inn(*r  wall  of  the  tympanic  cavity  ami  iti 
tendon  is  inscrteil  into  the  neck  of  the  sta|x*s.  This  muscle 
innen'ated  through  a  branch  of  the  facial.  When  it  contracts  it 
tends  to  pull  the  stapes  laterally ,  and  thus  probably  places  tlie  meo)- 
hrane  attached  to  its  base  under  greater  tension.  The  functi'UU 
fulfilleii  by  these  muscles  have  l)een  the  su!iject  of  nuich  controvent. 
According  to  a  view  first  proposefl  by  Johannes  Miiller,  they  act  j( 
a  protective  mechanism  to  the  membranes  of  the  middle  ear.  Bj 
increasing  the  tension  of  the  membranes  they  limit  the  amplitude  o 
their  vibrations  and  thus  protect  the  membranes  from  injury  (A 
possible  nipture  in  the  case  of  the  violent  movements  resulting  froa 
ioud,  explosive  noises.  Or  possibly  by  their  reflex  contraction 
they  protect  us  from  intense,  disagreeable  noises,  by  limiting  ^ 
responsiveness  of  the  vibrating  membranes.  A  more  probable  v5e«j 
however,  and  one  supporter]  to  some  extent  by  experimental  evi- 
dence, was  suggested  by  Mach.  According  to  this  obsen'er,  thj 
contractions  of  the  muscles  adjust  the  membranes  to  the  bctfi 

•  Some  doubt  hiw  been  thrown  iip*jn  this  intorwting  hypothrsb  rfipufin^ 
the  nature  of  the  mallcuH-inpu.s  nrtjcwlation.  AcfordinjE  to  Krfv  ("Pflii|Pf* 
Archiv,  1911,  1.3ft,  MH").  the  I  wo  bonon  arv  not  unitwi  hy  a  true  joint,  tni 
arc  ankyloticd  more  or  less  rigidly,  bo  that  movement  bftweon  iheai  i»  ■*• 
probable . 

t  Mangold,  ^'PflOger's  Archiv."  140,  530.  mi3. 
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on  of  ijound  vibrations  and  are  used,  therefore,  in  attentive 

They  fomi.  in  fact,  a  mechanism  of  accommodation  simi- 

Itogeoenil  functions  to  the  cilijiry  mii.scle  of  the  eye.   Hensen* 

dunrn  tliat  l»oth  muscles  contract  reflexly  to  sounds,  and  that 

eoDtraetionfi  of  the  tensor  tyuipani  are  stronger,  the  higher  the 

pkh  of  the  sound.    This  contraction  seems  to  take  place  at  the 

ing  of  the  sound,  but  is  not  maintained  for  a  long  jjeriod. 

imction  is  apparently  a  reflex  movement  the  3cnsor>'  path  of 

irineh  lies  in  the  acoustic  nen'e  and  the  reflex  center  in  the  merlulla 

obioogftta.    Tliat  a  similar  reflex  adjustment  takes  place  in  man  is 

iKficated  by  the  following  experiment  descril>ed  by  Hensen.    If 

lAOe  JBtwiing  to  a  tuning-fork  (400  to  1000  v.  d.)  a  metronome  is  set 

goiogat  a  rate  of  40  to  GO  beats  per  minute,  the  tone  of  the  tuning- 

brie  bfconies  obnously  strengthened.    The  stimulus  of  the  noise 

mmd  by  the  metronome  may  be  supposed  to  excite  the  reflex  con- 

laetk)08  of  the  mua-les  of  the  ear  and  thus  increase  its  responsive- 

MS  to  the  vibrations  of  the  tuning-fork.    According  to  this  \iew, 

tiwrfore,  the  ear  muscles  are  kept  constantly  in  play  by  sounds  or 

ndtai  variations  in  the  intensity  of  sounds,  and  perhaj)S  the  obvious 

rfort  experienced  in  listening  intently  to  a  sounil  is  also  <iue  to  a  con- 

tmrtinn  of  these  muscles. 

The  Eustachian  Tube— Through  the  Eustachian  tube  a  com- 

owmr:itiun  is  established  between  the  tyntpanic  cavity  and  the 

fbarynx,  and  through  this  latter  with  the  exterior.    The  obvious 

lAantage  of  this  arrangement  is  that  it  keeps  the  air  within  the 

tjrmpanum  under  the  same  pressure  as  the  outside  air, — that  is.  tlie 

pWBurc  on  the  two  sides  of  the  tympanic  membrane  is  kept  the 

■une.  The  phanngeal  opening  of  the  tube  is  normally  closed,  but  it 

tt»y  be  opened  by  raising  or  lowering  the  pressure  in  the  phar>Tix. 

IWi  happens,  for  instance,  in  the  act  of  swallowing,  and  we  perform 

'Jaict,  therefore,  whenever  our  sensations  from  the  tympanic  mem- 

tawe  warn  us  of  an  inequality  in  pressure  upon  the  two  sides.  When, 

**  Instance,  one  enters  a  caisson  in  which  the  external  pressure  ia 

"frtaseil  over   the   normal   atmospheric   pressure   the   tympanic 

**nbnuie  would  Iw  driven  inward  by  the  excess  of  external  pres- 

**•  Were  it  not  for  the  existence  of  the  Eustachian  tuk)e.     Under 

*••  conditions  swallowing  movements  will  open  the  phar>'ngeal  end 

^^^  tube  and  thus  bring  the  tympanic  cavity  unrler  a  barometric 

re  ntpial  U>  tliat  on  the  outside.     In  nasal  catarrh   the  tube 

•<*cludo«l  so  as  to  prevent  this  equalization,  and  under  such 

.  .  :i?,  as  is  well  known,   the  delicacy  of  hearing  is  much  im- 

rj^^^d,  until  by  raising  the  pressure  in  the  pharynx  or  by  other 

^**=aa  the  tube  is  opened. 

^^lic  Projection  of  the  Auditory  Sensations.— Auditor?'  sen- 
*^^att»  niv  prujectetl  to  the  exterior  and,  intleed,  to  the  supfxjsed 
Hmnrfl,  **.\rvhiv  f.  d.  Kosammte  Pliysiologie,"  87,  ;i55,  1901. 
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origiii  of  the  sound.  Tlie  projection^  however,  is  nothing  likea 
perfect  as  in  the  case  of  visual  stimuli.  Our  judgments  of  the  J* 
tance  and  direction  of  sounds  are  manifestly  less  exact  than  in  tbe 
case  of  objects  seen  by  the  e^'e.  As  an  example,  one  niay  refer  to 
the  difficult}'  of  locating  exactly  such  sounds  as  the  note  of  a  cricket 
In  the  ear  the  sensitive  elements  in  the  cochlea  are  not  arranged » 
that  sounds  coining  from  different  directions  can  affect  diffeicnl 
nerve  filjers.  All  sound  stimuli  come  to  this  part  of  the  ear  hv  one 
path, — namely,  the  tyniptinic  membrane  and  its  accesson-  strufr 
tures.  In  judging  the  direction  and  distance  of  sounds  we  must 
rely,  therefore,  ujwn  the  relative  distinctness  of  the  sounds  in  ths 
two  ears,  the  variations  in  distinctness  observetl  by  varying  tbe 
position  of  the  head,  the  accessorv'  infonnation  obtained  Irom 
vision,  etc.  It  is  stated  (Brown)  that  when  the  two  ears  are  usetl, 
the  localization  is  more  exact  than  when  only  one  ear  is  open 
The  two  ears  act  somewhat  like  the  two  eyes  in  jpving  a  spatiil 
or  pei'spective  element  to  the  projectiop.  The  general  stmsiliiiity 
of  the  tympanic  miMuhrane  also  plays  a  part-.  When  a  vilTjtirig 
botly — a  tuning-fork,  for  example — is  held  between  the  te«Hli.  the 
vibrations  are  transmitted  to  the  internal  ear,  in  part  at  lea4, 
through  the  bones  of  the  head,  ami  the  sound  in  this  case  is  referml 
or  projected  into  the  head  itsnlf  instead  of  to  the  tuning-fork,  «u 
that  in  hearing;  l>y  the  usual  method  the  sensations  of  the  vibratiufi 
tympanic  membrane  must  form  part  of  the  dat-a  by  means  of  wluch 
we  project  the  scasation  to  the  exterior. 

The  Sensory  Epithelium  of  the  Cochlea.— The  fibers  of  the 
cochlear  branch  of  the  aiuUton,'  nen'e  arise  in  the  nerve  cells  oftta 
8])iral  ganglion  situated  in  the  central  pillar,  the  modiolus,  of  th 
cochlea.  This  ganglion  resembles  in  structure  the  posterior  root 
ganglion  of  the  spinal  nerves.  Each  cell  is  bipolar,  sending  on^ 
filler  toward  the  brain  in  the  acoustic  nerve,  and  one  filler  to  end  in 
terminal  arl)onzations  around  the  senson'  cells  or  hair  cells  of  tb 
organ  of  Corti  in  the  cochlea.  We  have  ever>'  reuson  to  belief 
therefore,  that  these  hair  cells  form  the  apparatus  which  is  affected 
by  sound  and  by  means  of  which  nen'e  impulses  are  genented 
and  transmitted  to  the  acoustic  fibers.  The  general  arrangement 
and  the  relations  of  these  cells  are  indicate<l  in  Fig.  172.  The)' 
consist  of  short  more  or  less  cylindrical  cells  (£,  6,  6',  6',  Fig.  1^2)' 
whose  lower  portion  does  not  reach  to  the  basilar  membrane.  l>ii^ 
is  supimrted  by  the  inten'ening  Deiters  cells.  The  upper  cmlarf 
the  cells  project  through  the  o|x*iuiigs  in  the  reticulate  membmne 
and  end  inn  number — according  to  Retzius.*  al>out  twenty— short. 
stiff  liairs.  The  hair  cells  are  arranged  in  four  to  six  rows,  o** 
row  on  the  inner  side  of  the  inner  rods  of  Corti  and  three  to  five 

♦  The  moat  complete  details  of  the  Htnicture  of  the  eur  will  be  found  is 
the  KH^at  work  of  Itetziua^  "  De  Gehororgan  der  Wirbelthicre,"  vol.  ii,  Iw*" 
StoTKbolm. 
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rowT?.  according  to  the  part  of  the  cochlea  exaniinetl  on  the  outer 
side  of  the  rods  of  Corti.  Their  total  numlior  has  been  estimated 
differently  by  different  observers;  but,  accepting  the  iower  figures 
giren,  it  may  be  said  that  there  are  at  least  35(KJ  inner  hair  cells 
and  13,000  outer  ones,  giving  a  total  of  16,50U  or  more,  The  theory 
lisuilly  proposed  to  account  for  the  niechanisni  by  wliich  the  vibra- 
noDS  of  the  perilymph  affect  these  cells,  and  especially  the  expla- 
nation of  the  means  by  which  different  sounds  affect  different  cells, 
ifi  that  there  is  contained  in  the  cochlea  a  meclianism  which  acts 
[.Bympethetic   resonance.     To  nmke  this  theory  clear  a  short 


*  .* 


m^L 


tM^t 


flKtf 


172 


Dufrrvmmatic  view  of  (he  oncati  of  Corti,  the  menae  l'cIIs,  and  ibe  Kocfnsonr 
of  tba  meoibranoua^cacblca  (Tettui):     A,  Inner  rods  of   Corti;  ^.  out«r  rocu 


BH»*MICB       W>        »■•«     •IfE«UK#l  OIlUtMI       IjUVjUIOO       \t     K^9*IMAf'  Jt  ,      il  III!  171         J  Vnja       Ul         \^UIU|     ,U»     <L>UI^I       lUUB 

TOorti :  C.  tuoDel  of  Corli  :   Z>,  basilar  membraiio;  E,  fiingle  row  of  inner  noir  (scum) 
'^fa;  0,  ft*.  8'.  rows  of  out«r  hair  (senae)  celU:   7.  7'.  supportiiiK  cella  of  Dcitpra.     The 


of  the  inner  hair  celU  an*  Meo  projectiniE  throuzh  the  openineH  nf  the  rotJcuUtv 

Cbnne.      The  teroiinal  nrlmrixatioiu  of  ine  rochlear  uerve   fibere  end  aruund  the 
UMi  outer  hair  ccUa. 

Haription  must  be  given  of  the  nature  of  sound  waves  and  the 
^kcal  facts  in  regard  to  sympathetic  resonance. 
^nhe  Nature  and  Action  of  Sound  Waves. — Sound  waves  in 
iff  conast  of  longitudinal  vibrations  of  the  air  molecules,  alternate 
phiaes  of  rarefaction  and  coutiensation.  For  convenience*  sake, 
tkcBc  waves  are  usually  represented  graphically  after  the  manner  of 
water  waves,  by  a  curved  line  rising  above  and  falling  below  a 
tnedian  zero  Une,  the  ortlinates  above  the  zero  line  representing 
the  phase  of  condensation,  and  those  below  the  phase  of  rarefaction. 
Tbeae  waves  are  produced  by  the  vibrations  of  the  soun<ling  body, 
tod  may  vary  greatly  in  length,  in  amplitude,  and  in  form.  For 
ttiiMical  sounds  within  the  range  of  hearing  the  length  of  the  wavee 
var>-  from  forty  to  seventy  feet,  at  the  one  extreme,  to  a  frac- 
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tion  of  an  inch  at  the  other.  They  travel  through  the  air^iihan 
average  velocity  of  1 100  to  1200  feet  per  second,  the  exact  rau*  vwy- 
ing  with  the  temperature.  When  these  waves,  whatever  may  W 
their  formj  follow  each  other  -^Nnth  regularity — that  is,  with  a  definite 
period  or  rhythm — a  musical  sound  is  perceived  pro\ided  the 
rhythm  is  maintained  for  a  number  of  vibrations.  So  that  reguli^ 
ity  or  periodicity  of  the  sound  waves  may  be  considered  as  the  un- 
derlying physical  cause  of  amsical  sounds.  Non-musical  sounds  of 
noises,  wiiich  constitute  the  vast  majority  of  our  auditon'  scomp 
tions,  are  referred,  on  the  contrary,  to  non-periodical  nbrations. 
Waves  of  this  kind  may  be  due  to  the  nature  of  the  impulse  given 
to  the  air  by  the  soimding  body, — single  pndses,  for  instance,  or* 
series  of  such  pulses  or  shocks  following  at  a  slow  or  irregukr 
rhythm,  or  as  is  more  frequently  the  case,  they  may  result  (rotai 
mixture  of  very  short  and  different  rhythmical  Aibrations.  A« 
the  case  of  musical  sounds  is  far  the  simpler,  the  theor}'  of  th6 
action  of  the  cochlea  has  been  based  chiefly  upon  the  itsulU 
obtained  from  a  study  of  these  forms  of  waves. 

Classification  and  Properties  of  Musical  Sounds.— MusmI 
sounds  exhibit  three  fundaiueutal  properties,  each  of  which  may  b« 
referred  to  a  difference  in  the  physical  stimulus.  They  van',  in 
the  first  place,  in  pitch,  and  this  difference  finds  its  explanation  ia 
the  rapidity  of  vibration  of  the  sounding  body  and  the  sound  wax'M 
produced  by  it.  The  more  rapid  the  rate,  the  shorter  will  be  thi 
waves  and  the  higher  will  be  the  pitch  of  the  musical  note.  Nota 
of  the  same  pitch  may,  however,  var>^  in  louthiess  or  intensity,  aiii 


Flu.  173.— ToiltuBirafcetbepoDceptiooirfdifffrrnrwiinpiUh  mnA  m  amplitnH^or  int***^ 

In  B  three  pendular  or  nnus  curvM  of  the  aatiir  Rttipliludi*,  but  with  diffrrvnt  penuj*  tkf" 
AiwrbocbJ. 

this  difFerence  is  referable  to  the  amplitude  of  the  vibrations  («* 
Fig.  173).  A  given  tuning-fork  emits  always  a  note  of  the  same 
pitch,  but  tlie  loudness  of  the  note  may  vary  according  to  the  amp- 
litnde  of  the  vibraiions.  Th<»  vibrations  of  the  tympanic  mem- 
brane and  of  the  pr^rilympli  in  the  internal  ear  var>'  in  rati*  and  in- 
tensity with  the  soan<linji:  body;  so  that  we  may  sav  that  the  Htiifl^' 
lation  of  the  hair-cells  in  the  cochlea  gives  ua  auaitory  scogatioM 
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iLvarv  in  p\trh  with  ihf  rntP  nf  PYrit.flli(^n  and  in  int.pnj<ity  with 
[ttie  :v:riplitudej)L^^p  iHhnLtx^rj,^  mnvprnpnt.  A  third  property  of 
l^uiBcal  souuds  is  their  variations  in  quality  or  timbre.  The  same 
(of  the  same  amplitude,  when  ^;iven  by  different  musicii!  instru- 
,  varies  in  (|UEility,  so  that  we  have  no  diffieulty  in  reeoji^nizinK 
»not4>  of  a  piano  from  the  same  not-e  when  given  by  a  vioha  or 
\  the  human  voice.  The  underlying  physical  cause  of  variations  in 
ilirr^  18  foun<l  in  the  form  of  the  sound  waves  produeed,  and  im- 
'  in«iiat«»'Iy,  therefore,  in  the  form  of  vibrat<>r>'  movement  rommuni- 
tUni  Xo  th»»  inTJIyinph.  Examination  fif  the  forms  of  sounti  wiives 
produeeii  hy  (litlerent  musical  instruments  shows  that  they  may  be 
divi^ied  into  two  greal  groups:  (1  j  The  simple  or  pendular  fonn ;  (2) 
ttK-C(nn{M>und  or  non-ix?ndular  form.  The  fiintpk  or  pendnhir  form 
itf  i»v€  is  given,  for  instance,  by  tuning  forks,  A  graphic  repre- 
leoUtion  of  this  wave  form  may  l^e  obtained  by  attaching  a  bristle 
to  the  end  of  the  fork  and  allowing  it  to  write  upon  a  piece  of  black- 
oed  paper  mo\ing  with  unifonn  velocity, — the  blackened  surface, 
fcr  instance,  of  a  kymographion.  The  form  of  the  wave  obtained 
iirepreaente*!  in  Fig.  174.  The  vibrating  body  swings  symmetrica  Ih' 
ftoa^h  side  of  the  line  of  rest,  and,  inasmuch  as  this  is  also  the  form 
of  movement  that  would  be  traced  by  a  swinging  pendulum,  this 
knn  of  wave  is  designaterl  fretiuently  as  pendiiiar.  It  is  sometimes 
alhd  also  the  sinusoidal  wave,  since  the  distance  of  the  vibrating 
point  to  each  side  of  the  line  of  rest  is  equal  to  the  sine  of  an  arc 
iacRising  proportionally  for  the  time  of  the  phase.  A  compound 
(or  non-pendular  or  non-sinusoidal)  vyrrc  may  liave  a  ver>'  great 
ttriety  of  forms.  The  different  phases  follow  periodically,  but  the 
nmemcnt  of  the  vibrating  body  to  each  side  of  the  line  of  rest  is  not 


Fifl.  174.— Form  of  wave  oiJide  by  tuniof  fork. 


^rfectly  s^Tiimetrical.  Fourier  has  shown  that  any  periodical  vibra- 
J^^"  movement,  whatever  may  l>e  its  fonn.  may  be  considered  as 
^^'Jg  composed  of  a  series  of  simple  or  pendular  movements  whose 
^^rtods  of  vibrations  are  1,  2,  3,  4,  etc.,  times  as  great  as  the  xibra- 
^***  period  of  the  given  movement.  That  is,  every  so-called  com- 
**^l»d  wave  fonn  may  be  considered  as  iKjing  cause<l  by  the  fusion 
7~  ^  numl>er  of  simple  waves.  Representing  the  wave  movement 
^  ^\ie  air  graphically  as  water  waves,  this  composition  of  simple 
^"v-^ainto  compound  ones  is  illustrated  by  the  cur\'es  given  in  Fig. 
^^-  la  this  figure  A  and  B  represent  two  simple  vibrations  such 
"J*  "^would  be  given  by  two  tuning-forks,  the  vibrations  in  B  being 
*"^*W«  those  of  .4.     If  these  two  waves  are  communicated  to  the  air 
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at  the  sftnu^  time  the  actual  tnovenient  of  the  raoleoules  vi-Ulbei 
re.sultHUt  of  the  f^^rrc?^  ai'tiiig  upon  thciu  at  any  KJven  instant ,  anil 
will  be  hiilieateil.  therefore,  by  the  alp;el>niical  sum  of  the  ordinate: 
above  and  below  the  lines  of  rest.  If  the  movements  are  so  XimsA 
that  e  in  eurve  B  is  synehronous  with  d°  in  curve  A,  theu  tlic 
resulting  eornp<>uiid  wave  form  is  illustrated  by  (\  If,  bow- 
ever,  curve  B  is  supposed  to  be  in  a  different  phase,  so  ihai  e 
is  synchronous  with  d\  tiieu  a  form  of  wave  illustrated  by  D  will  be 
obtained.  In  this  way  a  great  \ariety  of  forms  of  compound  wiTti 
ma}^  he  supposed  to  lie  pn:)duced  by  the  union  of  a  series  of  simple 
waves  of  different  ])eriods  of  vibration.  That  compound  waves 
fer  from  simple  ones  in  being  comix)8ed  of  several  series  of  vibrations 
is  indicated  directly  b}-  our  sensations.  When  we  listen  to  the  note 
of  a  tuning-fork  we  hear  only  a  single  tone;  when  two  or  more 
tuning-forks  are  sounded  together  the  trained  ear  can  detect  the  tone 
due  to  each  fork,  and  similarly  when  a  single  note  is  sounded  by 
the  human  voice,  a  violin,  or  any  other  instrument  tliat  has  a  chw^ 
acteristic  quality  the  trained  ear  can  detect  a  series  of  liigher  tona^ 


D 


Fig.    175. — Schema  by 
from  two  nendular  wavm: 
miperpoflea  so  that  «  coinotdes 
pentlular  ourve  C  U  produced. 
cun'e  D  is  produo»J. 


Ilelmhohs  to  Ulunirmto  the  formation  of  a  cuim>ouqJ  ^ 

A  and  H,  pendiilar  vibrations,  B  beinc  tbs  oolav*  oi.  *•  J 

M  with  r  and  tiw  ordinatM  are  added  atsabniMllr.  Wt>g 

if  superposed  so  tliat  «  ooineidea  with  d*  thm 


the  upper  partial  tones,  or  harmonics,  or  overtones,  which  indic»t< 
that  the  note  ia  really  comjwund,  and  not  simple.  The  fonnatioo 
of  these  overtones  is  due  to  the  fact  that  the  sounding  bo<iy  mav  \t 
considered  as  vibrating  not  only  as  a  whole,  but  also  in  iti*  aliquot 
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I  tepreaentecl  in  Fig.  176.  illastrating  the  vibrations  of  u 
When  tjie  stringjs  phickeil,  it  vibrates  ay  a  whole  ja),  giy- 
t Utk^  waves  wKich  prtxluce  what  la  called  the  fundamental  tone, 


at  the  same  time  eaojT half  {51,  third  {c)j  fourth  ((/),  etc.,  may 
giving  each  its  own  simple  tone.     The  eomhination  of  all 


f  gJIDpl?  waves  forms  a  compound  wave  whose  fonn  or.  at 

[?ropo»ition,  determines  the  quality  of  the  tone  he^irB. 

many  as  ten  or  sixteen  of  these  overtones  may  be  detcfted  from 
nhrating  strings  of  a  violin  or  K^ii***''.  When  fh*^  period  of 
Jliilitttion  of  these  overtones  bears  a  simple  ratio  to  that  of  the 
fdmdinipntal,  a  ratio  that  can  be  expresseti   by  the  simple  num- 


y*  "- 


f)c  17ft. — To  niurtmte  th«  mMhanlinn  of  the  finrnftlion  of  avi>riane»,-^fftbnMaUa.i 
i3J^  vt^rinx  vibr«te«  ui  ft  whol«.  tjving  it4  funrlarn«ntal  tone;  in  b.  c.  and  </,  Hm  halvaft. 
ykmd  fourths  ftrs  vibmlins^^uirlcpendenUy.  When  a  st  ring  Uiit ruck,  pluokad.  or  boma 
^'■VWiMnCtf  mftv  hftppen  «imultftn«nibJy  ikn<l  t>io  funilnmentiil  note  dua  to  the  vibra- 

•I  lh»  wfaoto  atnuc  m  eomhiaeti  with  ttMnotenHuo  to  the  x-ibrationa  of  aliquot  p&rta. 


Thm  eombin&tion  given  a  eonipound  wave  whose  fonu  and  musical  quidity 

^  vltli  the  nttmber  and  relmtive  strensth  of  the  o^'e^taD■iL 

**■*  I,  2,  3,  4,  5,  they  hannonize  with  it  and  form  the  harmonic 
****tones.  It  should  l)e  l)orne  in  mind  that,  so  far  as  the  tympanic 
**^nikrane  ia  conceme<!,  it  does  not  respond  separately  to  the  single 
^^^ptm  which  constitute  the  comj>omul  wave,  but  swings  in  unison 
^'^^  the  movement  of  the  comix>uriil  wave.  Nevertheless,  the  in- 
^'Ual  car,  according  to  the  law  of  Ohm,  is  capable  of  analyzing  the 
?^*"*ipound  wave  form  into  the  series  of  simple  or  pendular  wave 
^^*>^  of  which  it  is  compose<l,  and  of  fhstinguishing  the  series  of 
^^'^eeponding  tones.  AVhile  this  analysis  cannot  be  nwule  con- 
^■<*U»ly  <?xcept  by  the  trained  musician,  it  is  made  unconsciously, 
*•  >^  were,  by  every  normal  car,  and  in  consequence  of  this  analysis 
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we  rocognizc  tho  variations  in  quality  of  different  compound  tODfli 
The  principle  upon  which  the  cochlea  acts  ia  thus  separation  tie 
compound  tones  into  their  elements  is  not  explaine*!  with  entirf 
satisfaction.  According  to  the  view  so  admirably  presento<i  br 
Helniholtz,*  the  analysis  defends  upon  the  existence  in  the  earol 
a  mechanism  for  sympatlietic  vibrations  or  resonance. 

Sympathetic  Vibrations  or  Resonance. — By  sympatbetie 
vibration  is  meant  the  fact  that  an  elastic  body  is  easily  set  into 
vibration  by  movements  of  the  surrounding  medium  when  lh« 
movements  correspond  with  Its  own  j^eriod  of  viljration.  A  string 
whose  period  of  vibration  is  12S  per  second  will  h>e  little  a£fect«d 
by  vibrations  of  the  surrounding  air  unless  they  have  the  suae 
periodicity.  If,  however,  a  note  of  this  period  is  sounded  by  tbe 
voice,  for  instance,  the  string  will  be  set  into  vdiration  with  reb* 
tive  ease.  By  means  of  this  principle  the  untrained  ear  can  readily 
pick  out  the  more  prominent  of  the  uj*per  harmonics  of  any  gi^tQ 
note  of  a  musical  instrument.  It  is  only  necessary'  to  select  a  seriwrf 
resonators  corresixinding  to  the  series  of  overtones.  Each  re*y 
nator  is  set  into  vi!>ration  by  its  corresponding  overtone  and  » 
emphasizes  this  particular  tone  that  it  may  be  easily  recogniiei 
If  one  stands  in  front  of  a  piano  with  the  strings  exposed  and 
sings  a  given  note  it  may  be  shown  that  a  series  of  the  piano  string 
is  set  into  vibration  corresponding,  m  the  first  place,  to  the  n» 
of  vibration  of  the  fundamental  tone,  and  secondly  to  the  mort 
prominent  of  the  harmonic  overtones.  In  this  case  the  cotD* 
pound  wave  strikes  upon  the  collection  of  strings  of  the  piuWi 
and  is  analyzed  into  its  component  simple  tones  by  the  sympi^ 
thetic  vibrations  of  the  correspontling  strings.  Hehnholtz  assumos 
that  the  cochlea  analyzes  compound  musical  waves  by  an  canpntiiBir 
similar  method. 

The  Functions  of  the  Cochlea. — ^The  vibrator)'  mo\'cn)eat» 
whatever  ina>'  be  its  form,  in  the  air  of  the  external  meatus  ini' 
parts  to  the  tympanic  membrane  a  similar  form  of  movement,  wnl 
this,  in  turn,  through  the  ear  bones  and  the  membrane  of  the  few*- 
tra  ovalis  sets  the  perilymph  into  vibrations  of  the  same  form.  Tint 
the  perilymph  can  swing  or  vibrate  under  the  influence  of  tlie  mov^ 
ments  of  the  stapes  is  explained  by  the  existence  of  the  second 
opening,  the  fenestra  rotunda,  between  the  middle  and  the  \1\US' 
nal  ear  (see  Fig.  167).  As  the  membrane  of  the  fenestra  ovafei« 
pushed  in,  that  of  the  fenestra  rotunda  is  pushed  out,  and  ^ 
versa,  and  the  wave  movement  is  transmitted  along  the  perilymph 
of  the  eochlra  in  a  mannrr  ilhistrato<l  by  the  schema  reprrssenWJ 
in  Fig.  177.  TIusl*  vibratory  movements  of  the  iK^rihTnph  »fiw* 
the  membranous  cochlea,  wliich  may  be  regarded  as  l>eirig  fus^ 
peuded  in  the  |>erilymph,  and,  according  to  the  resonance  tlieoryj 
•  Uelmboltz,  loc.  ciL 
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\  Structures  within  the  membranous  cochlea  are  set  into  sjth- 
:  vibrations  correspoiitliuK  to  the  simple  waves  of  which  the 
wave  18  constituted.     Hehnholtz  first  suggestod  that 
pwulsar  rodA  of  Corti   form   tho  re't^onatin^  apparatus,  and 
f  ^ni>P*^b^^ic  vibrations  are  capable  of  analyzing  the  compound 


yneUcoirema. 


Sea  la  lympcMni 


frt,  177.— SebeniAlic  ficuro  from  Auert>A4-h  to  ahow  the  nrt&tive  pomtioni  of  tb«  mem- 
I  «l  tk»  ov«l  «td  rouod  feoeatrms  azhI  the  irourvc  of  tbc  wuvc  moveoseat  throucb  the 

ent.  Later,  however,  this  suggestion  was  abandoned, 
!  the  number  of  the  rods  is  not  sufficiently  great  perhaps  to 
the  requirements  of  this  theorv.  According  to  Retzius, 
!  inner  rods  number  5600  and  the  outer  ones  3850.  Moreover, 
!  structures  are  absent  from  the  bird's  cochlea,  and  we  must 
that  these  animals  are  capable  of  appreciating  musical 
|lwjntl3.  Helmholtz  then  adopted  a  suggestion  of  Hensen's,  that 
c  basilar  membrane  constitutes  the  resonating  apparatus.  This 
nenbrane  forms  the  floor  of  the  membranous  cochlea,  stretching 
from  the  lirnbus  to  the  opposite  side  of  the  Iw^ny  cochlea  (Fig. 
ir2l.  Its  middle  layer  consists  of  fibers,  running  radially,  which, 
Ithough  united  to  one  another,  are  sufficiently  independent  to  be 
itKinied  as  separate  strings.  These  fil)ers  in  the  portion  covered 
m  the  nxis  of  Corti,  the  inner  zone  or  zona  tecta,  are  finer  and 
aore  difficult  to  separate  than  in  the  portion  exterior  to  the  outer 
lodB,  the  outer  zone  or  zona  pectinata.  From  the  base  to  the  apex 
of  the  cochlea  the  membrane  increases  in  width,  the  length  of  the 
KhngB  in  the  outer  zone  varA'ing,  according  to  Retzius,  from  135  //  in 
the  bual  portion  to  220  ii  \x\  the  middle  spiral  and  to  234  //  at  the 
•pex.  The  whole  structure  is  estimated  to  contain  alx)ut  24,000 
itrio^  varj'ing  gradually  in  length,  as  stated,  and  resembling  in 
Cnetftl  arrangement  the  strings  of  the  piano.  Assuming  that  each 
■^ these  fibers  has  its  outi  period  of  vibration,  we  may  imagine  that 
^  entire  collection  forms  an  api)aratus  for  sympathetic  vibration 
*«Vh  is  capable  of  analyzing  each  compound  wave  motion  into 
"*  constituent  simple  waves,  each  string  being  set  into  strong- 
**  vibrations  by  the  wave  of  the  corresponding  period.  Mor&- 
**^^»  it  is  implie<l  or  assumed  in  this  theorj'  that  the  vibrations  of 
^^  string  are  communicated  to  a  corresponding  nerve  fiber  of 
7*  oochlear  nene,  through  which  the  stimulus  is  conveyed  to 
~*  fcrain  as  a  ner%'e  impulse.  We  should  be  capable  of  perceiv- 
?Ji»  theoretically,  as  many  distinct  musical  tones  as  there  are 
™^**  in  the  l>asilar  mem}>rane,  while  a  compound  wave,  by  setting 
*  *>nunbcr  of  these  meclianisnis  into  action,  gives  a  series 
K  w  •CQsations  which  are  more  or  less  fused  in  consciousness.    The 
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peculiar  quality  or  timbre  of  the  tone  of  rarh  instrument  b  rete 
able,  therefore,  immedintely  in  the  number  and  relative  intensitkl 
of  the  simple  tone  sensations  that  it  arouses.  The  fusion  of  tb» 
elementary  tone  sensations  into  compound  ones  of  differenl  quxl- 
ities  is  comparable,  in  a  general  way,  to  the  fusion  of  simple  color 
sensations,  with  tliis  exceptioHj  however,  that  in  the  coui[)t>uii'l 
tone  sensations  we  are  cai>al>lc  of  distinguishing  more  cleariv  tto 
fact  that  they  are  composed  of  simpler  elements  ;  the  constituent 
tones  may  be  recognized  by  tlie  trained  enr  at  least.  The  mpcban- 
ism  by  which  the  vibrations  of  the  strings  of  the  basilar  menh 
brane  are  conveyed  to  the  hnir  cells  and  through  them  to  the  nerve 
fibers  is  a  matter  of  sjjeculation  only,  as  are  also  the  functions  of  the 
remaining  parts  of  the  organ  of  Corti.  It  may  be  suggest(\i, 
perhaps,  that  the  nnis  of  Corti  and  Deiters's  cells,  togetJier  with 
the  reticulate  membrane,  with  which  they  are  lx)th  connected, 
form  not  only  a  supporting  apparatus  for  the  hair  cells,  but  alw 
a  mechanism  l)y  which  the  vibrations  of  the  strings  are  con 
nicated  to  the  hairs  of  the  hair  cells:  but  the  suggestion  is  u 
factory,  as  the  anatomical  arrangement  does  not  suffice  to  ex| 
how  the  vibrations  of  individual  strings  are  transniittoil  to  the 
separat-e  hair  cells.  The  assumption  has  also  been  ina<ie  thil 
the  tectorial  membrane  acts  as  a  damper  to  the  vibrating  baircelli 
or  the  reticulate  membrane.  Its  position  as  a  pad  lying  o%'erth» 
rotls  of  Corti  and  the  reticulate  mem]>rane  justifies  perhajt  > 
assumption.  Many  physiologists,  while  accepting  the  ^' ■  ■ 
princijile  that  the  cochlea  analyzes  the  sound  waves  by  a  meclao* 
ism  f<jr  sympathetic  vibrations,  have  l^een  unwilling  to  flilfflit 
that  the  basilar  membrane  constitutes  stich  a  mechanism.  Tbev 
point  to  the  imjirobahility  or  impossibility  of  fibers  of  oa]yO.M 
mm.  (or  0.5  mm.  at  the  best)  in  length  acting  as  efficient  re«* 
nators,  es{>ecially  oa  they  are  not  entirely  free  and  are  surrounrW 
by  liquid.  Attempts  liave  been  made,  therefore,  to  select  other 
structures  in  the  cochlea  as  more  likely  to  be  affected  by  8>T0p*^ 
thetic  vil)rations.  Attention  has  been  directed  mainly  to  th« 
tectorial  membrane  or  membrane  of  Corti.  Thus,  Aycrs*  heljc^•ei 
that  this  structure  as  seen  in  tlie  usual  microscopical  prepw** 
tioos.  is  simi3ly  an  artefact.  Under  normal  conditions  he  l)oliev« 
that  it  is  a  band  of  ver>'  long  and  delicate  hairs  projecting  from  ll* 
hair  cells  and  lying  free  in  the  endolymph.  According  to  » 
view,  it  is  these  hairs  that  take  up  the  vibrations  and  transmit  their 
impulses  directly  to  the  hair  cells.  The  histological  stat-ement  ufxiD 
which  this  view  is  based  has  not.  however,  l)een  verified.  Moft 
recently  v.  E!)ner,t  reviving  an  older  view  of  Hasse,  has  suggcatta 

•  A^ers.  "Jovirniil  nf  MorohoIog:y/'  6.  1.  1892. 

t  Kollikcr,  "Ilnmlbuch   a.  Gcwebelehrc,*'  sixth  edition,  vol.  iii,  pt  0- 
p.  958,  1902;  also  Hank^ly,  "American  Journal  of  Anatomy."  8.  109.  \^ 
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4bil  the  tectoriai  membrane,  especially  its  free  end,  serves  as  the 
nArfaantsm  for  sympathetic  vibration-    This  membrane  increases 
bvklih  from  the  Imse  to  the  apex  of  the  cochlea  and  varies  in 
iteHraesB  in  ite  mdial  diameter,  so  that  it  niif^ht  l>c  conceived  to 
vpoiul  to  different  periods  of   vibrations   in   its  different   parts, 
iu  movements  l^eing  communicated  directly  to  the  hair  cells  upon 
iich  it  rests.     Unfortunately  we  have  no  direct  experimental 
•Mdcnce  in  favor  of  any  of  these  Aiews.     Several  obsen'ers,  how- 
fver,  have  demonstrated  ap[)arently  tlrnt,  whatever  may  be  the 
r^eduuiism  for  s>*mpathetic  vibration,  it  is  so  arranged  that  at  the 
Mtoi  the  cochlea  the  higher  notes  are  received  and  at  the  apex 
fie  notes  of  the  lowest  pitch.    Thus,  Munk,  in  experiments  upon 
.'0,  in  which  by  an  operation  through  the  fenestra  rotunda  he  imd 
^nnrred  the  basal  jx>rtion  of  the  cochlea,  found  that  the  animals, 
Mter  a  tcmj>orar>^  deafness  of  some  days,  could  hear  apparently 
•inly  low  tones  and  noises.     Baginsky,*  in  a  later  series  of  experi- 
uiTDtfi.  opened  the  bulla  ossea  on  each  siile,  destroyed  the  cochlea 
>ide  entirely  so  as  to  render  that  ear  deaf,  while  on  the  other 
irrd  it  in  certain  areas  only.     He  found 
ih»i  when   the  apex  of  the  cochlea  was  des- 
troyed the  animal  appeared  to  perceive  only 
the  high  tones,  c",  c",  c"*'. 

TJw  fundonienla)    principle  of  the   theory  of  the 

functiuQ  of   the  oociilcA  aa  (ievelopeil   tiy   HclnihoUs 

bi  been  subjected  to  ftomecriticUm.     The  theory'  of  & 

MM  of  rvaonatore  each  roBponding  to  a  ijefinite  noto 

4MiD0t  explain  with  entire  satisfaction  some  of  the 

kivvii  Acoustic  phenomena.     Thus,  it  'm  known  that 

vim  two  DOt«e  are  aoundcd  tosethcr  combinational 

taBoimay  be  beard, either  a  low oifTeronce  tone  whoae 

fitcbie  equal  to  that  of  the  difTerentH'  Iw'twt^n  the 

ttteof  the  two  notes,  or  a  summation  tone  whoee 

P^  k  equal  to  the  sum  of  the  vibrations  of  the  two 

Ww.    It  in  difficult  to  conceive  that  the^e  combina* 

****i  tOiMK  have  an  objective  CAistence,a:5  vibrations, 

^  tbe  meaiiM  by  which  they  are  perceivfd  l»v  tlie 

yMiia  b  not  explained  Rati>factorUy  by  the  theory 

jf  f^iPBatorm.     Other  theories  of  the  function  of  the 

jpfcha  have  been  proposed  to  avoid  such  ditricultie«. 

2^  Ewatd  t  Buggesta  a  view  accordins  to  which  the 

J*Wr  membrane  vibrate*  throughout   it**  length  for 

£9  suite.     He  has  shown  that  a  niblxT  membrane  of 

ins  of  the  basilar  membrane  will  \w  set 

ribratioDs  throughout  it*  length  and  when 

under  the  microncttpe  pr»»*erit*  such  a  pic- 

•■■  represented  in  Fiji.  17S,  in  which  tlie  crvsta 

waves  are  at  a  fixed  interval  for  ouch  tone.     If 

intervals  the   oontvpondinic  hair  cells   and 

tbcn  are  flunposed  to  l>e  stimulated,  then  our 

woulu  recognize  cjich  note  by  it^i  appro- 

hitenral.     For  the  application  of  this  theory  to  musical  harmony-^ 

tioual  tones  and  beats — reference  mu^t  be  made  to  the  oriKinab 

Anat..*'  M,  65,  1883. 
76,  147,  1899. 


Tit.  178.— To   0. 

luittrttte  the  iitra  of 
A  fi«ed  •ouniJ  wuve.— 
(Kira^.)  The  illu»- 
tnition  «ho«>  m  fuii' 
d&fiientaJ  note  and  iu 
hr»l  overtone. 


•  Bttlpnaky,  *'Virchow'a  Archiv  f,  pathol.  Anat 
t  Ewald.    Arehiv  f.  d.  gertammtc  Physiologic," 
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Sensations  of  Harmony  and  Discord. — ^The  combination  rf 
notes  to  produce  various  harmonies  or  intentional  discords  is  a  part 
of  the  theory  of  music,  but  attention  may  be  called  briefly  to  the 
physiological  explanation  offeried  by  Helmholtz  to  account  for  the 
fact  that  certain  notea  when  combined  give  us  a  disagreeable  soh 
sation,  appear  rough  and  unpleasant;  while  others,  on  the  contran', 
produce  pleasant  sensations.     Discord  or  dissonance  is  due,  accord- 
ing to  Helmholtz,  to  the  beats  produced  when  two  dissonant  notes 
are  Boundetl  together.     On  the  physical  side  the  beat, — that  is,  a 
rhythmical  variation  in  the  intensity  of  the  sound, — is  due  to  the 
phenomenon  of  interference.     If  the  rates  of  vibration  of  two  notes 
are  such  that  at  certain  intervals  the  crests  of  the  waves  fail  to- 
gether and  again  the  crest  of  one  coincides  with  the  hollow  of  the 
other,    the   sound   sensations   will   be   periodically   increased  ami 
decreased.     While  there  is  no  fimflamental  explanation  for  the 
fact  that  a  regularly  van-ing  intensity  of  sound  is  diaagreeabk,  it 
is  a  well-known  phenomenon  anti  it  finds  analogies  in  the  olha 
aensations, — for  instance,  in  the  very  disagreeable  efifect  of  a  flicit- 
ering  light.     When  two  notes  are  sounded  together  the  number  of 
beats  varies  with   the   difference  between  the  rates  of  nbratioa; 
thus,  two  notes,  one  of  128  vibrations  and  the  other  of  136  vibrv 
tions,    give  H    teit^s    per   second.      When   the  number  of  beats 
rises  to  33  per  second  the  discord  is  most  disagreeable ;  if,  howe^tr, 
the  rate  of  interference  is  more  rapid,  the  unpleasant  sensatico 
becomes  leaa  perceptible,  and  beyond  132  per  second  is  notnoli**- 
able.     When  the  mtea  of   vibrations  of  two  tones  are  such  th»t 
neither  the  fundamentals  nor  any  of  the  overtones  give   beats,  the 
effect  is  that  of  harmony  ^  the  viljrations  of  one  note  strengthening 
those  of  the  other     The  most  perfect  harmony  is  that  of  a  note 
sounded  simultaneously  with  another  of  the  same  rate,  ratio  I:  Ii 
or   with  its  octave,  ratio  1 :  2.      The  various  inter\'als  which  in 
music  have  l>een  found  to  l>e  perfectly  consonant  or  which  var>'  » 
little  from  it  as  t^  l>e  usable  in  harmonies  are  those  whose  vibra^ 
tions  bea.r  a  simple  ratio  to  each  other.    Thus,  the  octave  of  any 
note  has  the  ratio  of  1 : 2,  the  double  octave  1 :  4,  the  twelfth  1:3. 
These   three  intervals  give  absolutely  consonant  sounds.    Othf 
intervals — such  as  the  fifth,  2:3,  or  the  major  third.  4:  5— giv« 
a  less  perfect  consonance.     Three  or  more  notes  bearing  surh  rd»- 
tions   to  each  other  constitute  a  chord,  the  vibrations  in  t^ 
major  chord  l>eing,  for  instance,  in  the  ratios  4:5:6, — c' (I2S), 
e' (160),  f^  (192). 

The  Limits  of  Hearing.— The  rates  of  vibration  that  can  I* 
perceivcti  b>'  the  ear  as  musical  tones  lie  between  fairiy  »^* 
defined  limits,  although  in  this  organ,  as  in  the  case  of  the  eu< 
there  are  individual  variations. — variations,  indeed,  which  ^ 
more  marked  In  the  case  of  the  ear,  since  it^  range  of  apprecifttK^ 
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b  Ufcer.     The  lowest  rate  of  vibration  that  can  cause  a  mugical 

ntttion  is  usii&lly  placed  at  24  to  30  per  second,  although  some 

on  can  still  respond  to  an  octave  lower — about  16  per  second.    To 

most  cars  vibrations  below  10  per  second  are  felt,  if  perceived  at  all, 

»«Q|^e  pulses  that  stimulate  the  sensor^'  nerves  of  the  tympanic 

Dcmbranr  itself^  giving  pressure  sensations  rather  than  auditory 

coMlions.     It  may  happen,  however,  that  vibrations  ttx)  .slow 

to  bf  perceived  by  the  ear  as  an  auditory  sensation  will  give 

overUmeB  of  a  higher  pitch  and  of  sufficient  strength  to  be  recog- 

rDM.    The  high  limit  of  audibility,  on  the  other  hand,  is  usually 

f  pbccd  at  40,000  double  vibrations  per  second,  although  the  various 

Olifflates  pul>lished  van,'  so  widely  that  in  this  respect  there  must 

ht  great  individual  differencc«.     The  shrill  notes  of  insects  are 

aid  to  be  inaudible  to  some  ears.     Konig,  making  use  of  Kundt's 

iMbodof  light  piowders,  succeeded  in  tuning  a  series  of  forks  to  an 

FcBtinuUed  rate  of  90,000  double  viVirations  per  second.     It  was 

found  that  those  between  c,  and  c,  (8192  to  32,768)  were  generally 

ludibl*',  while  the  c,o  (65,536)  was  inaudible.     The  limit,  therefore, 

hr  between  c,  and  do.    Notes  near  this  high  limit  are  not,  how- 

Itw,  OMible  in  ordinary  music;  the  sensations  pn^ducetl  have  a 

[iBngreeahle,    if   not   actually  painM,  shrillness.     The   range   of 

Tibrations  employed  in  music  is  illustrated  by  the  seven  octaves 

[UUk'  piano,  the  notes  varj'ing  from  the  lowest  c  of  32  vibrations 

[tec,  of  4096  vibrations.     The  intervening  series  is  divided  into 

\  teoei  whose  serial  relations  to  each  other  are  expressetl  by  the 

^  Utioe  I  or  V  and  semitones  of  the  ratio  fj  or  ^  J ;  thus,  c"  =  256 

vSwitions  and  the  d''  of  the  same  octave  corresponds  to  256  X  |  =^ 

88  vibrations.* 

*S(r Helmholtt,  Popul&r  Scientific  L#ectur(s«  ''Ueber  die  phyaiologiscbea 
^Aichcii  des  musikaliacheD  Uartnonie/'  Bonn,  1857. 
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IHE  FUNCTIONS  OF  THE  SEMICIRCULAR  CANAl 
THE  VESTIBULE, 

Position  and  Structure. — ^Tlie  membranous  semicircul 
lie  within  the  bon}'  semicircular  canals,  the  space  !>etwe| 
filled  with  perilymph  which  communicates  freely  with  thi 
rest  of  the  ]ab3'rinth.     Within  the  membranous  canals  b 
lymph,  which  communicates  through  the  five  openings  i 
enclolymph  in  the  utricuhis.    The  canals  He  in  three  planes 
approximately  at  least,  at  right  angles  to  one  another  (I 
The  horizontal  or  external  canals  he  in  a  horizontal  plani 

angles  to  the  mesial  04 
plane  of  the  body,  and  ' 
cal  canals  on  each  side. 
angle  of  about  45  degl 
this  mesial  plane,      Th« 
eac h    of    the    anterior 
parallel  to  that  of  the  p 
inferior  vertical  canal 
posite  side,  as  represeu 
figure.    At  one  end  of  eafi 
near  its  junction  with  th^ 
las,  is  the  swellinp;  kno^ 
ampulla,  and  within  the< 
lies  the  crista  acustica,  coi 
the  hair  cell."*  with  which  tl 
fibers  communicate,  and 
therefore,  are  considered 
sense  cells  of  the  organ.     ' 
cells    are    cylindrical    ar 
gives  off  a  long  hair,  oc 
perhaps    of    a  bundle   i 
hairs,   which   projects    iii 
interior  of  the  canal  for  a  1 
of  at  least  28/i.    The  ner\ 
distributed  to  these  hair  cells  am  given  off  by  the  vestibulai 
of  the  eighth  nerve^  or  more  properly  the  vestibular  ne^ 
branch  of  which  {ramus  utriculo-ampullaris)  suppUes  the  u 
and  the  ampulla  of  the  sujjerior  and  horizontal  canals,  w 
other  (ramus  sacculo-ampunaria)  furnishes  fibers  to  the  | 
and  the  posterior  ampulla. 
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Fig.  179. — Diftgmm  to«h<iw  thfiKj^i- 
tloTt  ol  the  flemtoircular  carial.t  iu  the  fiPiiil 
of  Tlie  birti.  On  each  !iide  l[  will  lie  seen 
'  that  Uic  Lhree  cahaIa  Ud  jii  planer  m  rixlit 
anglefl  lo  one  another.  The  external  or 
horiionta)  canala  (Ki  of  the  two  aides  Ue 
in  the  twme  plane.  The  anterior  canal  of 
one  Ride  (A)  lies  in  a  plane  panillol  to  that 
of  the  posTerior  caaaf  U'j  of  tlie  uiher  Aide 


BCUlCtRCirU^R    CANALS    AND    THE    VESTIBULE. 

Flourens*s  Experiments  upon  the  Semicircular   Canals. — 

1  experiments  and  theories  concerning  the  functions  of  the 
circular  canal  date  from  the  classical  rc^n^archt^  of  Flourcns* 
Thiis  investigator  laid  bare  the  cantils  in  birds  and  niam- 
laod  studied  the  ofTects  of  sections  of  on*'  or  more  of  them. 
-pTfvrimfnts  have  sine*'  btH»n  n^]H*at4'd  liy  nimuTous  observers, 


!ii>  pomtion  of  tbo  thm  aoDudrcuUr  canals  ta  the  piscoa 
uiupuUiiry  eodi  (Irom  preparation    matlo  by  Dr.  Esther  Roaen- 

^4  Uie  results  obtained  have  l>een  described  in  great  detail,  for  an 

*fiount  of  which  reference  must  l)e  made  to  original  sources.f     In 

^^•tid,  it  may  l>e  said  that  injuries  to  the  canals  are  followed  by 

***«iD  njore  i>r  less  definite  movements  of  the  head,  eyes,  and  body, 

****!  l)y  a  disturi>ance  in  the  power  of  the  animal  to  co-ordinate  nor- 

^••^>'  llie  muscles  used  in  standing,  locomotion,  or  flying.    The 

^^•*^rter  and  extent  of  these  results  var>'  with  the  number  of 

\  injuretl,  and,  indeed,  show  a  more  or  less  definite  relationship 

'  FlouTPtt*.  "  RechercheB  exp<'»rimentfi]e«  sur  lea  propri6t^  et  les  fonctiona 
^vtumit-  "second  edition,  18-12. 

Mliv  \.  tf  the  semicircalar  caniils  and  the  vestibule  la  \'ery  ex* 

*im.      ill'.:  .  iM:i(jlcte  bibliojn^iphy  may  he  obt;iinc<l  from  tho  foUowini; 

j^^^-^Ow:  **  Die  I>?lirpn  von  den  Funktionen  «Jor  cmzclnon  Tlioile  Jes  Ohrlahy- 

|JJ*^^«,"  by  von  Stein,  lft>4:  Uichet'a  "  Dictionnairo  do  I'hvsiologie,"  article 

_5^>CB,  on  *'Espooe/'  1900,    Ewald,    'Pbyaiolog.  Untereuchungea  il  d 

dcB  nervus  octaviu,"   1892. 
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to  the  several  canals.  When  the  horizontal  canal  is  cut  on  one  adi 
in  pigeons  the  animal  makes  movements  of  the  head  in  the  plane  ai 
that  canal,  and  if  the  similar  canal  on  the  other  side  is  aJaowK 
tioned  these  movements  are  more  pronounced.  The  animal  mif 
also  in  moving  show  an  inability  to  walk  normally  and  a  tenden^, 
especially  when  excited,  to  make  abnormal  forced  movements  d 
rotation  of  the  whole  body.  After  such  an  operation  the  pigeonidl 
not  fly  voluntarily  and  id  thrown  into  the  air  is  not  able  to  guide 
its  flight  with  accuracy  and  soon  descends.  Similar  opeiatiao 
on  the  anterior  or  the  posterior  canals  cause  movements  of  the  held 
in  the  corresponding  planes  and  a  tendency  in  walking  or  flyini 
to  make  forced  movemaits — somersaults — forward  or  backrod 
When  all  three  canals  are  cut  on  one  or  both  sides  the  animal  shovi 
a  distressing  inability  to  maintain  a  normal  position.  The  head  k 
twisted,  it  is  not  able  to  stand  unless  supported,  and  any  htbmfH 
at  walking  or  flying  results  in  violent  forced  and  inco-ordinated 
movements.  The  animal  makes  continual  somersaults  at  ead) 
attempt  to  stand  or  walk  and  the  head  is  kept  in  spasmodic,  foroefol 
movements,  which  may  produce  injury  or  death.  To  preserve  thi 
animal  from  injury  after  such  an  extensive  operation  it  is  neceasai; 
to  keep  it  wrapped  in  bandages.  It  should  be  added  that  resulti 
of  this  character  are  obtained  only  when  the  membranous  camili 
are  injured.  If  the  bony  canal  alone  is  cut  and  even  if  the  pan 
lymph  is  removed  by  suction  no  such  effects  are  obtained.  A 
most  slight  and  relatively  transient  movements  of  the  head  a* 
observed.  If  the  exposed  membranous  canal  is  pricked  with 
needle  more  violent  movements  result,  and  if  sectioned  these  mov 
ments  are  maintained  for  a  longer  period  and  are  accompanied  1 
the  other  results  described.  Similar  effects  have  been  obtaini 
from  operations  on  mammals  and  other  animals,  but  the  resu 
are  more  pronounced  in  some  animals  than  in  others,  varyi 
apparently  with  the  delicacy  of  the  co-ordination  necessary  to  t 
movements  (Ewald).  Thus,  the  movements  of  walking  or  flyi 
in  the  pigeon  may  be  assumed  to  require  a  nicer  adjustment  of  t 
muscles  used  than  is  necessary  in  the  swimming  movements  of  t 
fish,  and  in  correspondence  with  this  idea  it  is  found  that  opei 
tions  on  the  canals  of  fishes  are  not  followed  by  conspicuous  effe( 
upon  the  movements  of  the  animals. 

Temporary  and  Permanent  Effects  of  the  Operation. — ^T 
general  effects  of  operations  on  the  semicircular  canals,  so  far 
disturbances  of  equilibrium  and  occurrence  of  forced  movemen 
are  concerned,  resemble  those  resulting  from  operations  upon  tl 
cerebellum,  and,  as  in  the  case  of  the  last  mentioned  organ,  it 
found  by  most  observers  that  if  the  animal  is  properly  can 
for  the  severity  of  the  first  effects  passes  off  to  a  greater  or  le 
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Citieiit.     Flourens  statt^  that  his  pigeons,  witli  two  or  more  canals 

nt,  continued  to  show  the  effects  of  the  o|X^^ation  almost  with  the 

vme  intensity  for  nearly  a  year.    Some  unpublishetl  experimentB 

■vfe  in  the  author's  laboratory   have  given   different  results.* 

HlQeons  with  only  one  canal  cut  recover  practically  completely 

within  ten  or  more  days.    Those  with  two  canals  cut  recover  nearly 

tompletely  within  a  months  so  far  as  walking  is  concerned,  although 

Aiy  exhibit  an  unwillingness  to  fly.    Those  with  three  or  more 

ttMbcut  never  recover  completely,  but  their  final  condition  is  very 

fitocnt  from  that  exhibited  shortly  after  the  operation.    Even 

vim  ftU  six  canals  have  been  cut  the  aninml,  If  well  cared  for  in  the 

beginninj;,  is  aljle  finally  to  stand  and  walk  and  feed  itself.      It 

ilDot&hle,  however,  to  fly,  and  in  walking  its  progress  is  uncertain; 

then  is  a  tendency  to  walk  zigzag  or  in  circles,  first  to  one  side,  then 

to  the  other.     If  hurried  or  excited  some  return  of  the  violent 

movements  of  the  head  and  inco-ordination  of  the  movements  of 

loMDolion  may  be  seen.     If,  in8tea<l  of  cutting  the  canals,  the 

IBpuUflp  are  destroyed,  the  iuitiiil  eflfecta  of  tlie  ofieratiou  seem 

to  be  lees  violent,  owing  possibly  to  the  fact  that  in  the  former 

tm  the  irritative  effects  of  the  lesion  still  have  the  end  organs 

IB  Um  ampullsp  to   act  upon.     Pigeons  with   all   six   ampullfe 

datfoyed  may  make  eventually  an  excellent  recovery.     Within 

» few  niontlis  they  walk  and  perch  with  little  difficulty  when 

oot  frightened.     In  the  matter  of  flymg  they  do  not  recover 

their  former  skill,  but  this  may  be  due  to  lack  of  practice,  since 

in  the  experiments    quoted    (Rosencrantz)    no    provision    was 

iD^defor  exercise  in  flying.    The  very  marked  degree  of  recovery 

*<H«d,  even  after  loss  of  all  six  ampullit,  seems  to  be  due  to  the 

^^t  th&t  the  animal  learns  to  use  his  other  sensory  data  in 

®tM»rdinating  his  muscles.     If  after  a  nearly  complete  degree  of 

'^•overx  has  taken  place  a  new  operation  is  performed  in  which 

^hc canals  are  cut,  the  resulting  disturbance  t*)  mfition  is  relatively 

l**»*il  and  soon  passes  off.    Tliat  there  is  any  effect  at  all  from 

l^^le second  operation  may  be  due  to  the  emptying  of  the  endo- 

*^nipb  and  the  consequent  effect  upon  the  remaining  anipuUs, 

*^,  if  these  had  all  been  previously  destroyed,  to  the  effect  upon 

^Jie  sense  organs  of  the  vestibular  sacs. 

Effect  of  Direct  Stimulation  of  the  Canals.— The  membranous 
Nsaoab  or  their  ampullary  enlargements  have  been  stimulated 
fV»y  many  observers  and  by  many  different  methods — electrical, 
^heoiicaJ,  and  mechanical.     The  results  of  electrical  stimulation 
are  not   eonstant   nor  striking,   but   chemical   and   especially 
hanieal  stimulation  in  the  hands  of  many  obser\'ers  has  called 
h  definite  movements  of  head  or  eyes  similar  in  a  general 
*  KxpmnieDtd  laatinK  over  two  years  made  by  Dr.  E.  Hoeencrants. 
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way  to  those  caused  by  section  of  the  canal,  but  : 
course,  for  a  short  time  only.  In  the  dog-fish,  Lee*  : 
pressure  upon  an  ampulla  causes  movements  of  the  eyes  tod 
fins  such  as  would  occur  normally  if  the  animal's  body  wew 
rotated  in  the  plane  of  the  canal  stimulated. 

Effect  of  Section  of  the  Ampullary  or  the  Acoustic  Rcrre- 
Many  of  the  older  and  newer  observers  l)ave  cut  one  or  both  of  the 
acoustic  nerves  or  destroyed  the  entire  labyrinth  on  one  or  both 
sides.  The  effects  described  var\'  somewliat  with  the  animals  used, 
but,  in  general,  section  of  the  nerve  on  one  side  is  followed  by 
forced  movements,  especially  by  rolling  movements  around  the 
long  axis  of  the  body.  When  the  ner\'es  are  cut  on  both  sidtf 
disturbances  in  the  power  to  maintain  equilibrium  perfectly  are 
more  or  less  distinctly  marked.  In  fishes  (dog-fish)  the  animal  td%) 
swim  or  come  to  rest  in  unusual  p(»sitions, — on  the  hack  or  side,  fof 
instance. 

Is  the  Effect  of  Section  of  the  Canals  Due  to  Stimulation?— 
The  movements  that  result  from  section  of  one  or  more  of  the  canils 
have  been  attributetl  by  some  authors  to  stimulations  set  up  by  the 
injur}'  cause<l  by  the  operation,  and  hy  others  have  been  conaidcml 
as  a  result  of  the  falling  out  of  the  stimuli  nonnnlly  and  constantly 
proceeding  from  the  canals.  This  fumlamental  question  has  not 
been  decided.  On  the  one  hand,  the  movements  observed  are  simi- 
Jar  to  those  caused  by  excitation,  which  would  indicate  that  a  stimu- 
lation is  set  up  by  the  operation.  On  the  other  hand,  the  effects  are 
so  long  lasting  as  to  make  it  improbable  that  they  are  entirely  due  to 
the  irritation  of  the  operation.  Moreo\'er,  Gaglio  t  states  that  when 
the  spot  openited  upon  is  cocainized  the  same  effects  follow.  Indeed, 
cocainizing  the  membranous  canals  gives  the  same  results  as  cuttios 
them.  It  is  possil>le,  of  course,  that  lx)th  processes  take  j)lace,»n 
irritative  stimulation  and  a  falling  out  of  normal  impulse,  tb 
efTects  of  the  latter  bein^  longer  lasting. 

Theories  of  the  Functions  of  the  Semicircular  Canals.— A^ 
indicated  briefly  above,  the  facts  regarding  injun'  t^o  and  stimulatioD 
of  the  semicircular  canals  are  ver\'  numerous  and,  on  the  whole, fairi.V 
concordant-  Their  intcq>retation,  however,  has  offered  great  dif- 
ficulties, and  many  views  have  been  proposed:  almost  ever>'  invcfr 
tigator,  in  fact,  has,  to  some  extent,  varied  in  his  interpretation  of 
the  precise  functional  significance  of  these  organs-t  These  ^le" 
may  be  classified,  although  imperfectly,  under  the  following  hewfa- 

1.  The  old  view,  fn-st  pmposed  by  Aut«nrieth  (1S(»2),  that  th* 

•  Lee,  "Journal  of  Physiology."  15,  328,  1(K)3. 

t  Gaglio,  ''Archives  itiiJ.  de  bioloKie."  31,  377,  1899. 

X  For  a  detttiled  and  oompleto  acc-ount  of  these  riews  to  1S92 
"  Die  Lehrcn  von  deo  FunktiuneQ   dor  eizelacn  Tbeile  des  OhrUby 
Jena,  1894. 
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I  or  thwr  sense  cells  are  stimulated  by  sound  waves  and  give 
I  the  means  of  determining  the  direction  of  sound  in  accordance 
their  position  in  three  planes  at  right  angles  to  one  another. 
|Tte  new  has  been  rev'ive<i  from  time  to  time  by  recent  writers, 

2.  Flourens  himself  belleveti  that  the  impulses  nonnally  proceed- 
{■ifrtira  these  organs  serve  to  moderate,  or,  as  we  should  say  now, 
I  %)  inhibit  the  movements  of  the  head.  As  soon  as  the  canals  are  cut 
I  ibri  if-s  that  liave  been  kept  under  control  by  their  influence 

m  iiWil.      On    this    view    the    semicircular    canals    are 

\  orpns  which  reflexly  inhibit  or  restrain  the  voluntary  movements, 
[  Hid  thus*  take  an  essential  part  in  the  proper  co-ordination  of  such 

movfroentfi.  He  did  not  attempt  to  define  the  physiology  of  the 
I  (t^OB  in  terms  of  the  sensations  aroused. 

3.  The  view  that  the  stimulus  to  the  hair-ceUs  is  to  be  found  in 
Ihevarting  presBure  of  the  endolymph.  As  first  proposed  by  Goltz 
U870).  it  was  assumed  that  the  endolymph  exerts  a  hydrostatic 
pranire  upon  the  hair  cells  which  in  any  given  position  varies  in  the 

tiBerent  ampullas  and  varies  with  different  i>ositions  of  the  head. 

flbtsoiBon'  impulses  thus  aroused  give  us  a  knowledge  of  the  posi- 

litm  of  the  head  and  enable  us,  therefore,  to  control  its  movements 

•od  ako  those  of  the  l>ody.    On  this  view  these  organs  act  as  sense 

otg&OBin  maintaining  body  ef|uilibrium  and  may  be  designated  as 

peripheral  sense  organs  of  eqtiilibrium.      Later  observers  (Mach, 

BiTUfr,  Brown,  ct  al.)  modified  this  view  by  the  assumption  that  the 

lair  wrlls  are  stimulated  not  so  much  by  the  hydrostatic  pressure  of 

thpendolymph  as  by  the  pressure  changes  developed  during  move- 

oentB  of  the   head,   making   the  organs,  therefore,  a   means  of 

^^preciating  especially  the  movements  of  the  head,  a  dynamic 

alber  than  a  hydrostatic  organ  of  equilibrium.     It  was  assumed 

tk»t  rotation  movements  of  the  heaii  in  the  ]>lane  of  a  canal  set  up 

*  njovement  or  pressure  of  the  endolymph  in  the  opposite  direc- 

ton*  just  as,  to  use  a  rough  com  [prison,  when  one  twirls  a  pail  of 

»>t«rin  one  direction  the  water  lags  fjehiad  and  exert«  a  pressure 

^  the  opposite  direction.     Acconling  to  this  hypothesis,  which 

"1  iome  form  or  other  is  the  \'iew  usually  taught,  the  hair  cells  in 

"■^h  ampulla  are  stimulated  chiefly  by  movements  in  the  plane  of 

"**t  canal  toward  the  ampulla,  the  pressure  of  the  endolymph  be- 

^  in  the  oppxisite  direction. — that  is,  from  utriculus  toward  the 

^^t^Al.    Moreover,  the  vertical  canals  act  in  pairs  (see  Fig.  179),  the 

.^'peroror  anterior  vertical  of  one  side  acting  with  the  posterior  or 

Qiferior  vertical  nf  the  other  side,  the  two  canals  lying  in  parallel 

'*'*'*«8.     Movements  in  this  plane  forward  would  stimulate   the 

^t^mor  ampulla  on  one  side  chiefly,  movements  in  the  same  plane 

^^*cwapd,  the  posterior  ampulla  of  the  opposite  side.    The  horizon- 

*•*   eai^jjs  alao  net  together,  l)eing  stimulated  chiefly  by  rotational 
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movements  in  thehuriKoiital  plane,  the  hair  cells  in  one  rtspoudini^ 
chiefly  to  movements  ia  one  direction,  the  other  to  movements  in 
the  BAme  plane,  but  in  the  op]M>8ite  direction.  RotAtiooal 
movements  in  other  planes — sagittal,  oblique,  etc, — would 
affect  two  or  more  of  the  pairs  of  canals  in  proportion  to  th« 
degree  that  each  is  involved  in  the  movement  on  the  principle  a 
the  paralleioj^ram  of  forces.*  By  a  mechanism  of  this  sort  it 
may  be  supposed  that  we  are  infonned  regarding  the  plane,  di- 
rection, and  extent  of  the  movements  of  the  head  and  are  thereby 
enabled  to  control  these  movements.  The  canals  function  »• 
pecially  aa  a  dynamic  organ  of  equilibrium,  but  may  also  give  us 
guiding  sensations  when  the  movements  are  progressive  rather  thaa 
rotational,  and  also  when  the  head  is  at  rest,  although,  as  is  ex- 
plained below,  this  last  function  is  by  some  relegated  to  the  hur 
cells  of  the  utriculus  and  sacculus.  According  to  thus  \*iew,  the 
loas  of  the  power  of  maintaining  exact  equilibrium  after  injuria  to 
the  canals  or  section  of  the  nerves  may  be  explained  by  suppofiin^ 
that  false  sensations  are  experienced  and  false  compensator}*  mote- 
ments  are  made.  So,  also,  the  vertigo  experienced  after  continued 
rotation  may  be  attributed  to  abnormal  stimulation  of  these 
organs, — a  view  that  fintis  some  support  in  the  fact  that  voMSf 
deaf-mutes,  whose  internal  ear  is  suppcKsed  to  be  deficient,  do  not 
experience  vertigo  after  rotation  ^  and  in  animals  with  the  labyrinth 
destroyed  rotational  movements  fail  to  give  the  symptoms  of 
vertigo. 

4.  Ewald,  while  accepting  the  general  view  that  the  sense  cdl» 
are  stimuluteti  by  the  pressure  of  the  endolymph,  lays  stress  UpCB 
the  fact  that  the  nerve  impulses  thus  aroused  have,  as  their  mM 
result,  a  reflex  effect  upon  the  tonicity  of  the  voluntary  musculi- 
ture.  The  constant  flow  of  impulses  from  these  organs  serves  to 
maintain  the  muscles  in  a  normal  condition  of  tone.  In  aninuv 
\^ith  the  labyrinth  destroyed  on  both  sides  the  body  musculature 
is  flabby  and  lucking  in  t^^nicity.  This  view  has  received  coasid- 
erable  support  from  the  exf>eriments  of  Magnus  and  Klijn-t 
These  authors  made  use  of  cats  thrown  into  the  condition  of  c»^ 
gerated  tonus,  known  as  dccerel:>ratc  rigiflity,  which  follows  upon 
removal  of  the  cerebrum  fsection  of  the  cerebral  peduncles).  With 
the  animal  in  this  condition  they  showe<i  that  diff"orent  poatio© 
of  the  head  in  space  caused  definite  changes  in  the  posture  of  U* 
extremities,  and  they  demonstrate*!!  that  these  changes  were  «lw 
to  labyrinthine  reflexes,  since  they  disappeared  upon  destnicUOft 
of  both  labyrinths. 

Summary. — The  sensations,  if  any,  aroused  through  the  srnn* 

•  Consult  Lcc  toCi  cii. 

t  Magnufl  and  KUjn,  ''PflUger's  Archiv,"  1912,  145,  456. 
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fimikr  canals,  are  too  indintinct  to  be  recognized  and  named 
If  an  appeal  to  eonsobusiiess,  and  it  would  seem  to  be  wiser 
Id  deapiate  them  after  the  analogy  of  the  muiscle  sensations 
^pty  as  semicircular  canal  or  labyrinthine  sensations.  Our 
pmrptions  or  ideas  of  space  and  direction  are  possibly  founded 
ID  part  upon  these  reactions  and  in  part,  upon  the  muscular, 
limit  and  tactile  sensations.  Our  reastming  with  regard  to 
tk  iwnicireuJar  canal  sensatioas  would  be  m<jre  siitisfaclory 
if  it  could  be  shown  that  the  vestibular  nerve,  after  ending  in 
thf  pons,  was  continued  forward  by  sensory  patlis  to  tlie  cortex 
d  the  cerebrum.  As  a  matter  of  fact,  such  paths  have  not 
ben  demonstrated,  and  if  we  assume  that  conscious  sensations 
in  mediated  only  through  the  cortex  of  the  cerehrum  we  have 
ao  anAtomical  proof  that  the  semirircular  canals  give  us  any 
ffftctioD  in  consciousness.  The  vestibular  nerve  fibers  end  in  the 
leus  of  DeJtera  and  the  nucleus  of  Bechterew,  tlirough  which 
Rfla  connections  are  established  with  the  motor  centers  of  the 
^inal  and  possibly  the  cranial  nerves.  There  is  a  connection 
|J»  with  the  nucleus  fastigii  of  the  cerebellum  and  through 
this  possibly  with  the  cerebellar  cortex,  although  this  latter 
ecmaH'tion  has  not  been  actually  demonstrated.  With  regard 
to  the  influence  of  the  nerve  impulses  from  the  semicircular  canals 
wpon  movements,  all  the  facts  known  seem  to  indicate  that  Ihey 
pUr  an  important  part  in  the  regulation  or  co-ordination  of  the 
aovemcnts  of  equilibrium  and  locomotion.  Inasmuch  as  this  gen- 
<ral  co-ordination  or  control  s*H'ms  to  rest  normally  in  the  ner\'ou8 
OKduini.Hms  of  the  cercbelhim  and  inasmuch  as  the  vestibular 
■cnrra  probably  make  connections  with  the  cerebellum,  we  may 
•«imc  that  the  cerebellum  fonns  the  l>rain  center  through  which 
tbe  semicircular  canal  impulses  exert  their  influence  upon  co-ordin- 
*M  muscular  contractions — tlie  cerebellum  forms  the  nerve  center 
lorlheflemicircular  canals,  or  the  semicircular  canals  form  a  periph- 
^  sense  organ  to  the  cereljellum.  Some  such  hypothesis  seems  to 
^  nrce*sary  to  account  for  the  general  similarity  between  the 
«ffeeta  of  lesions  of  the  canals  and  of  the  cerebellum.  Whether  the 
iQlpulaee  from  the  canals  are  excitator\'  or  inhibitory  or  lioth,  as 
•^^ftrdfi  their  effect  upon  muscular  contractions,  is  not  clearly 
•Ppauwil  from  the  experimental  evidence  so  far  furnished,  but 
^^ald's  suggestion  that  they  serve  to  maintain  reflexly  the  tonus 
I  *  tht  \yody  musculature  is  perhaps  the  moat  acceptable  view. 
j  *^*^eially  when  it  is  rememl>ered  that  this  tonicity  may  vary 
^  **^  adaptive  way  in  different  muscles  according  to  the  strength 
**  *he  stimuli  coming  from  one  or  another  of  the  canals.  In 
f^ft^ftl  to  the  means  by  which  these  nerves  are  normally  stim- 
i*^ci  there  is  also  much  room  for  conjecture,  but  provisionally 


THE   SPECIAL  SENSES. 


at  least  it  seems  permissible  to  adopt  the  view  that  vamtions 
in  the  pressure  of  the  endolymph  upon  the  hairs  of  the  hair  celt, 
especially  in  movements  of  rotation,  constitute  the  immediate 
cause  of  their  excitation.  Granting  that  changes  in  position  or 
movement  of  the  heatl  may  cause  such  variations  in  pressure  the 
theory  offers  a  simple  and  satisfactory  explanation  of  the  mode 
of  excitation  and  the  means  hy  whicli  the  excitation  may  vary 
appropriately  umier  different  conditions.  While  the  endolymph 
theory  may  be  criticized  easily^  no  other  equally  satisfactor>'  theory 
has  been  suggentcd  to  take  it^  place. 

Functioas  of  the  Utriculus  and  Sacculus.^Thefw  smflll  sacs 
contain  sensory  hair  ceils  similar  In  general  structure  to  those  found 
in  the  cristae  of  the  ampullary  sacs.  F^ch  collection  of  hair  oolK 
together  with  the  supporting  cells,  is  desi^ated  as  a  macula.  Onf 
of  these  is  found  in  the  utriculus^  the  macula  utriculi,  and  another 
in  the  sacculus,  the  macula  sacculi.  Lying  among  the  hain;  of  the 
hair  cell  arc  found  masses  of  small  crystals  of  calcium  carbonate, 
the  otoliths  or  oU>conia.  In  this  respect  the  structure  of  lhe_ 
macula  <liffcrs  strikinRly  from  that  of  the  crista.  The  position 
connections  of  the  utriculus  antl  siicculus  lead  at  fir>;t  naturally 
the  supposition  that  they  are  stimulated  by  the  sound  waves  of  t 
perilymph,  and  are,  therefore,  concerned  in  the  function  of  hei 
The  accepted  views  regarding  the  functions  of  the  cochlea  in  hcai 
make  this  organ  sufficient  for  all  auditory  pur]>oses,  and  there  i»f» 
specific  part  of  this  process  that  need  be  attribut-ed  to  the  vestibu- 
lar sacs.  It  was,  indeed,  at  one  time  suRgested  that  their  stnicture 
adapts  them  to  resj^ond  especially  to  short  and  irregular  vibration:*, 
but  no  cogent  reasons  or  facts  have  been  advanced  to  supixjrt  thi? 
view.  The  fact  that  the  sacs  are  so  closely  connected  with  ths 
semicirculnr  canals  suggests  rather  that  the  functions  of  these  orgaoB 
are  similar  aiul  that  like  the  canals,  therefore,  they  influence  li< 
contractions  of  the  muscles  and  function  as  organs  of  equilibhum- 
In  recent  years  the  view  that  has  been  most  discussed  is  ihAt 
vanced  hy  Hreuer, — namely,  that  these  organs  give  us  informal 
regarding  the  jxisition  of  the  head  when  at  rest  and  wh«  r 
i"K  progressive — that  is,  non-rotar>* — movements,  supplei: 
therefore,  the  functions  of  the  semicircular  canals  on  the  8upp»*'sJtj*'ii 
that  these  latter  act  especially  in  movements  of  rotation.  Or.  a& 
is  sometimes  expressed,  the  sacs  form  a  static  and  the  canals  a 
namic  organ  of  equilibrium.  According  to  this  view,  the  ot' 
act  as  a  means  of  mechanical  stinmlation  of  the  haire.  Bdni 
heavier  than  the  endolympfi,  they  press  upon  the  hairs  with  a  foit* 
varying  with  the  position  of  the  head  and  thus  give  rise  to  sensaUoiil 
or  reflexes  which  are  adapted  to  the  maintenance  of  equilibnuro. 
Since  the  planes  of  the  two  sacs  are  different,  they  may  be  diff«' 


ICraCULAR   CANALS    AND    THE    VESTIBULE. 


413 


cfttly  effected  by  the  same  position  or  movement.    So  also  in  pro- 

gnmvt  movements?  forward  the  weight  of  the  otoliths  may  be  im- 

a^ned  to  exercise  a  stresa  of  some  sort  upon  the  hairs.     This  theory 

Im  boax  ibe  subject  of  much  investigation,  numerous  experiments 

hftTingbeen  made  chiefly  upon  fishes  and  invertebrates.*    Accord- 

{PC  to  some  observers  destniction  of  these  sacs  or  section  of  their 

itrrcs  b  accompanied  by  a  distinct  interference  with  the  fish's  nor- 

equilibrium:    the  animal  swims  at  times  upon  its  hack  or  side 

tpparently  loses  its  normal  means  of  judfring  correctly  its  posi- 

In  many  invertebrates  there  is  present  a  sac,  known  as  the 

.  containing  hair  cells  and  otoliths,     lis  structure  resembles 

I  of  the  vestibular  sacs  of  the  miiiiunalian  ear,  and  it  has  been 

that  it  Ims  a  similar  function.     Ex{jeriuients  by  numerous 

have  indicated  that  when  the  otoliths  are  removed  the 

shows  disturbances  in  erjinlibrium,  particularly  in  the  matter 

f  the  compensator)'  movements  exhil>itcil  during  rotation.  Others, 

;  deny  these  facts  and  state  that  invertebrate^^  without  oto- 

\^f^  make  compensatory  movementjs  when  n»tatcd  ancJ  that  in 

»1hoir  with  otooyst.s  compen-sator}'  movements  and  maintenance  of 

Mnnal  c<|uiUl)rium  persist  after  destniction  of  the  sacs.    A  very 

i)^ou9  experiment  reporteil  by  Kreidl  seems  U*  show  that  the  oto- 

bhsmay  affect  the  hairs  by  their  weight.     When  the  pala^mon.  a 

cnntecean,  molts  it  casts  off  the  inner  lining  of  the  otocyst,  together 

whh  the  otoliths.     The  otocysts  in  these  animals  lie  at  the  base  of 

tbeintennuK^  and  open  freely  to  the  exterior.     After  molting  the 

Inini&l  by  means  of  its  claws  places  fine  grains  of  sand  in  the  otocyst 

to  act  as  otolitlis.     Taking  advantage  of  this  peculiarity,  Kreidl 

Uie  animal,  after  molting,  uix:)n  finely  jx>wdered  iron,  with 

result  that  some  of  the  i'-on  granules  were  deposited  in  the  oto- 

lyst  in  place  of  the  usual  grains  of  sand.    When  now  a  magnet  was 

brought  near  to  the  aninial  reactions  were  obtained  wliich  showed 

^l  the  pressure  of  the  iron  u|X)n  the  liairs  influenced  its  position. 

Ih  position  taken  by  the  animal  under  these  conditions  was  such 

»ould  be  expected  as  a  resultant  of  the  forces  of  magnetism  and 

P^vity,  and  the  experiment,  therefore,  justifies  the  hypothesis  that 

^ifldcr  normal  conditions  gravity  affects  the  otoliths  and  thnmgh 

^^>vxk  the  muscular  cii-ordination  of  the  animal.    These  experiments 

°*v-e    been    confirmed    by    Prentiss.')'    This    author    has    .shown, 

Oloreover.  that  if  larval  lobsters  (4th  stage)  are  prevented  from 

**"tjiining  otoUths  after  moulting  by  placing  them  in  filtered  .sea- 

*Ater,  iheir  movements,   like  those  of    larva*  deprived  of   their 

^**ocj5t»,  show  a  distinct  instability  and  lack  of  normal  orientation. 

1^*  Conuuif  the  following  pApers:  8owaII.  "Journiil  of  Ph\*Hiok)fc>'."  4,  339, 
{25^  •  '>*.  *^^-,  15.  311,  1893,  and  "Aii»*ri<'-;in  Joumnl  of  PhvHii»logy,"  1, 
'23,    lH»i;  l,j-on,  "Amrrican  Jounml  of  Fsychology,"  3,  86,  1900. 

,jj_  t  PrpQtiw,   ''Bulictin  of  Museam  of  Comparative  Zoology/'  llar\'ard. 
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Some  interesting  results  reported]  by  Streeter,*  from  experimenti 
made  upon  tadpoles,  demonstrate  in  a  striking  way  the  impoN 
tance  of  the  labyrinth  to  the  power  or  prop>erty  of  equilibration. 
Up  to  the  sixth  day  after  fertilization  the  tadpole  shows  no  evi- 
dence of  a  power  of  equilibrium,  and  is  not  capable  of  swimming 
freely  in  the  water.  When  the  auditory  vesicles  appear,  after  the 
sixth  day,  the  animal  exhibits  evidence  of  a  sense  of  equilibrium 
and  swims  freely  in  the  water  out  of  contact  with  solid  substancei 
If  at  or  before  the  beginning  of  this  stage  one  of  the  auditory 
vesicles  is  removed,  the  tadpole  shows  evident,  although  tenh 
porary,  signs  of  a  defective  power  of  equilibration.  If  botk 
vesicles  are  removed  the  animal  seems  to  lose  permanently  hfi 
power  of  swimming,  and  when  at  rest  lies  in  any  position,  as  though 
it  were  lacking  in  a  sense  of  equilibrium. 

*  Streeter,  "Journal  of  Exp.  Zodlogy,"  3,  543, 1906;  also  vote.  4  tnd  16. 
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of  the  body  is  contained  in  a  practically  closed  8>'8tern 
€  blood-vessels,  within  which  it  is  kept  circulating  by  the 
>  heart  beat.  It  is  usually  spoken  of  as  the  nutritive 
a  body,  but  its  functions  may  be  stated  more  explicitly ,  al- 
io quite  general  terms,  by  saying  that  it  carries  to  the  tis- 
iffs  after  they  have  been  properly  prepared  by  the  digee- 
;  that  it  transiwrts  to  the  tissues  oxygen  ahsorl>ed  from 
\e  lungs;  that  it  carries  off  from  the  tissues  various  waste 
»nned  in  the  processes  of  disassimilation;  that  it  is  the 
r  the  transmission  of  the  internal  secretion  of  certain 
d  that  it  aids  in  equalizing  the  temperature  and  water 
the  body.  It  is  quite  obvious,  from  these  statements, 
plete  consideration  of  the  physiological  relations  of  the 
d  involve  substantially  a  treatment  of  the  whole  subject 
gy.  It  is  proposed,  therefore,  in  this  section  to  treat  the 
estricted  way, — to  consider  it.  in  fact,  as  a  tissue  in  itself, 
y  its  composition  and  proj^erties  without  special  reference 
tive  relationship  to  other  parts  of  the  body. 
igical  Structure. — The  blood  is  composed  of  a  liquid  part, 
,  in  which  float  a  vast  number  of  microscopical  bodies,  the 
lacU*.  There  are  at  least  three  different  kinds  of  cor- 
kown  respectively  as  the  red  corpuscles  or  cry throcyU*s ; 
orpuscles  or  leucocj'tes,  of  which  in  turn  there  are  a  num- 
rent  kinds;  and  the  blood  plates.  Blood-plasma,  when  ob- 
from  corpuscles,  is  perfectly  colorless  in  thin  layers — for 
1  microscopical  preparationH;  when  sani  in  large  (juanti- 
n  man  a  yellow  or  greenish  color,  although  in  some  other 
og,  cat)  it  is  as  clear  as  water.  The  red  color  of  blomi  is 
lerefore,  to  coloration  of  the  blood-plasma,  but  is  caused 
M  of  red  corpuscles  held  in  suspension  in  this  Ufiuid. 
rtion  by  bulk  of  plasma  to  corpuscles  is  usually  given, 
5  two  to  one. 
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Blood-serum  and  Defbrinated  Blood. — In  connection  with  the 
explanation  of  the  term  ^^blood-plasma  "  just  given  It  will  Ite con- 
venient to  define  briefly  the  terms  ''  blood-serum  "  and  "  dcfibrin- 
ated  blooti."  Blood,  after  it  escapes  fmm  the  vessels,  usually  clott 
or  coa^latee;  the  nature  of  this  process  is  discussed  in  detail  on 
page  452.  The  clot,  us  it  forms,  gradually  shrinks  and  squeezes  out 
a  clear  liquid  to  wliich  the  name  blood-scrum  is  given.  Serum  re- 
sembles the  plasma  of  nonnal  blood  in  general  appearance,  but  dif- 
fers from  it  in  composition,  as  will  be  explained  later.  At  pnseol' 
we  may  say,  by  way  of  a  preluuiiiary  definition,  that  blootl-senini  is 
the  liquid  part  of  Ijlood  after  coagulation  has  taken  place,  as  bbod- 
plasma  is  the  liqviid  part  of  blood  before  coagulation  has  taken  place. 
If  shed  biood  is  \v}iif)ped  vigorously  with  a  rod  or  some  simitar  object 
while  it  is  clottings  the  essential  part  of  the  clot — namely,  the  fihrin 
— forms  differentiy  from  wliat  it  doe^s  when  the  blootl  is  allowed  Ui 
coagulate  quietly;  it  is  deposited  in  shreds  on  the  whipper.  Biood 
that  hits  been  treated  in  this  way  is  known  as  defibn'naUd  blood  ft 
consists  of  blood-senim  plus  the  red  antl  white  corpuscles,  and  as  fir 
as  appearances  go  it  resembles  exactly  nonnal  blood:  it  has  kwt, 
however,  the  power  of  clotting.  A  more  complete  ilefinit  ion  of  !b« 
tenus  will  be  jjiven  afterthesuhject  of  coagulation  has  been  ireai^i. 

Reaction  of  the  Blood. —  When  the  blooil  is  tested  with  litmus 
paper  it  pive:?  a  distinct  alkaline  reaction,  and  if  titrate*!  ^^ith* 
weak  acid  a  considerable  auKumt  of  the  acid  may  Ije  added  before 
the  reaction,  as  tested  liy  litmus,  becomes  neutral.  On  arc»)UBt 
of  these  fact>s  it  was  formerly  l>elieved  that  the  liquid  of  the  h\<nA 
the  lilood-plasma,  is  marketlly  alkaline,  owing  to  the  pre:?cn(T  to 
it  of  ^iodium  carboruite.     It  is  now  realized  that  this  \ic*  ^^ 

founded  on  a  wrong  conception  of  the  cause  of  changes  in  ^ei^ 

+ 
tion.     A  liquid  is  acid  when  the  hydrogen  ions  (H)  in  solutJco 

are  in  excess  of  thehydroxyl  itJiis  (OH)  ftiul  it  is  alkaline  whcfltlif 
hyilroxyl  ions  are  in  exct'ss,  romplete  neutrality  is  ohtainctiffiicD 
the  concentration  in  hydrogen  ions  is  equal  to  that  of  tlir  by- 
droxyl  ions.  Acid>!  are  defined  as  compimnds  which,  in  aqufotts 
solution,  undergo  ilis^sociation  more  or  less  completely  with  thf 
foniiation  of  hydrogen  ions.     HCI  dissociates,  for  exampk  in**" 

H  anfl  CI,  and  t[ic  strength  of  the  acid  is  pro|v)rtionaI  to  tlr 
number  of  hydrogen  ions  present  in  the  siilutiou.  Alkalies,  oo thf 
other  hami,  are  c(»m[>oumls  which  on  dissociation  >'ield  hydn>xyl 
ions  either  directly  or  indirectly.  NaOH  on  dissociation  yioJcfe 
+  — 

Na  and  OH.     Sodium  carbonate  also  gives  an  alkaline  solutwo, 

owing  to  a  secondary  reaction.     NaaCOi  dissociates  into  Na,  Nfc 

and  C0|,  but  the  acid  ion  C0|  then  reacts  with  water  lo  fona 
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|<X)j  and  OH.     In  accordance  with  those  facts,  it  is  evident  that 

dptormine  whether  the  blood  is  neutral,  acid,  or  alkaline  it  is 

y  to  ascertain  its  concentration  in  hydrojien  aiirl  hydroxyl 

\5  a  matter  of  fart,  it  is  suflicit^ril  to  determine  the  con- 

[mtnition  in  either  hydrogen  or  hydroxyl  ions  since  the  product 

Ifll  the  two  fonus  a  constant : 

H     X     <>H     =     Constant. 
I  Ftir  t<M^hnical  reasoas  it  has  proved  t(»  be  more  convenient   to 
dfU'miine  the  roneeatration  in  hydrojjrn  ions,  anrl  tlie  reaction 
of  ihe  blood  is  usually  expressed  in  terms  of  the  hydrogen-ion 
rimr(*iitratif)n.     Two    methods    are    employed    in    making    these 
tirtt-nninations.*     One,    the    electrical    method,    makes    use    of 
platinmn  electrixles  covered  with  hydropen  gas,  and  measures  the 
ififfwrnce   in  electric   potential   Ijctween   this  electrode  ami   the 
blood,  and  the  other  is  the  nietho<l  of  selected  indicators.    A 
3erv9  of  indicators  may  be  selected  which  un<lergo  a  chan^te  in 
nibr  at  certain  concentrations  of  hydropen  ions,  and  un<lcr  suit- 
able pmoautions  the  color  change  given  to  thesi*  indicators  by  the 
NfKMJ  may  be  interpreted  in  terms  of  the  hydrogen-ion  conceiitra- 
liiiD.    In  the  first  determinations  of  tlie  reaction  of  the  blcMnl  made 
by  th*^  electrical  method  slightly  crrotieous  figures  were  obtained. 
OTO|;  to  the  fm't  that  pn.'cautions  were  not  taken  to  examine  the 
^liood  under  its  normal  carlM>n-<lioxitl  tension.     In  the  Inxiy  the 
Wood  b»  surrounded  by  a  medium  containing  carbon  dioxid  under 
•  Pertain  pressure,  for  venous  blood  aUjui  5  per  cent,  of  an  atmo- 
^ivre,  or  40  rnm.     The  carbon  dioxid  gives  the  blood  an  acid 
IttctioQ,  hence  if  the  blootl  is  taken  out  of  the  UnW  and  exposed 
to  to  atn)ospherc  practically  frrn'  from  COj,  it  will  tend  to  give  off 
*w»m  of  this  gas  and  take  on  a  slightly  mon^  alkaline  reaction, 
lo  making  the  mast  accurate  determinations  of  tht*  normal  reac- 
^wn  iif  the  blood  it  is  necessar>',  therefore,  to  examine  it  at  the 
^perature  of  the  Ixxly.  and  in  an  atmosphere  containing  as  much 
* '^  H»  is  present  normally  in  the  tissues  of  the  body.     The  results 
™  the  measurements  of  the  reaction  of  the  blfK)d  made  with  these 
Pf^^cautions  are  as  follows:     In  m  neutral  liquid,  pure  water  for 
***Oiple,  the  hydrocen-ion  conci'utration  is  wjual  to   1    X    10"' 
^•^oitroal),  or  O.tKKKXK)!  gm.  hydrogen  jxt  liter.    Blood  under  the 
'^f^nal  conditi(»ns  in   the  bixiy  Ixas  a  hydrogen-ion  concentra- 
j^^   varying  from  0.35   X   lO'^    to  0.49  X    10~',  that   is.   from 
y:«^KMH)CH*);i.)  to  0.0000(M>049.     It   is  evident,  therefore,  that  the 
«id  jKj(<s*ss4»s  a  hydrogen-ion  concentration  h'SH  than  that  of  a 
itxal  liquid,  and  it  is  therefore  slightly  alkaline,  the  arterial 

•8»  Hvodenon,  "Atnerioim  Journal  of  PhysioloKy,"  21,  427,  UIOS;  nUit 
"'  DCr,"  Miirrh  14.  1913.     Conrtiilt  al.'o  H(Ls»elbm*li.  **Biochemi»chc  Zeit- 
K'  30.  ai7.  1911.  itnd  Michoeliij  md  DuviaofT.  tbui.,  4tj,  131,  1912. 


^  — 


BLOOD    AND    LYMPH. 

blood  being  a  trifle  more  alkaline  than  the  venous  blood  owing 
to  the  fact  that  the  latter  contains  more  CO2.  It  is  becoming 
customary  in  physiologicul  and  lULnlical  literature  to  express  the 
hydrogen-ion  concentration  of  the  body  liquids  under  nonna!  and 
pathological  eonditioius  in  teniis  of  the  logarithms  of  the  figures 
giving  the  concentration,  an  expression  wliich  is  known  as  the 
hydrnijeTt  erporwrit,  and  is  indicated  by  the  symbol  pH.  The* 
logarithms  are  all  negative,  but  the  minus  sign  Is  omitted  (wr 
p.  844).  In  this  nomenclature  the  reaction  of  a  neutral  liquid  i* 
expressed  by  the  exponent  7.  The  reaction  of  blood  for  tbc 
Uiuits  indicated  above: 

Concentration  0.35  X  10"^  =  7.45 

Concentration  0,49  X  10"^  =  7.31 
or  the  higher  the  exiM>nent  the  greater  the  alkalinity  of  the  blooA 
Determinations  of  the  reaction  of  the  blood  under  normal  sod 
abnormal  contlitions  show  that  it^s  range  of  variation  in  reaction 
is  very  limited.  Yet  we  know  that  in  the  metabohsm  of  thp 
body  acids  and  liases  an^  being  formed  constantly  and  given  W 
the  blood,  and  in  our  foods  also  we  may  inge-st  acids  or  alkaliw, 
which  are  absor^>ed  into  the  blood  and  which,  it  might  be  sufh 
posed;  would  cliangc  its  reaction.  Since  the  reaction  renuku 
remarkably  constant,  it  is  evident  that  regulatory  mechaniaw 
must  be  present  to  provitie  for  the  elimination  or  neutralizalioft 
of  an  excess  of  either  acid  or  alkali.  A  genera!  reg:ulation  of  tliil 
kind  is  provided  in  the  activity  of  the  lungs  and  the  kidneyi 
The  concentration  of  CO2  in  the  body  is  kept  within  certain  normil 
linuts  by  the  reflex  regulation  of  the  respiratory  movements. 
When  the  amount  of  C'Oj  tends  to  rise,  as  in  muscular  axexcisc,  f* 
example,  the  corresponding  increase  in  the  ventilation  of  the  luogi 
provides  a  method  of  eliminating  the  ex<*ess.  So  also  the  kidosftfl 
furnish  jin  ahun<lant  secretion  l>y  which  any  excess  of  AcidA^^^| 
l}ases  is  prevented  from  accumulating  in  the  blood.  In  ad<iititw 
to  the  regulatory  methods  of  this  kinil  it  has  been  shown  that  ibc 
composition  of  the  blotxl  it.self  is  such  that  considerable  amoUDtfl 
of  acids  or  alkalies  may  l>e  added  to  it  directly  without  altmug 
distinctly  its  reaction.  This  ixTuliarity  is  due  to  the  prcsonre  io 
the  l>UKKt  of  siilts  of  carl>onic  and  fihosphoric  acid.  We  find  u* 
the  blood  a  mixture  uf  monosodium  phosphate  and  diswiiu© 
phosphate,  sodium  bicarlxmate  and  carbonic  acid,  and  it  hjtf 
l>een  shown,  by  Henderson  especially,  that  such  a  mixture  tf 
peculiarly  ailaptcd  to  preserve  its  neutrality  within  relatively 
wide  liniits  when  aciils  or  alkalies  are  lulded  to  it.  A  mixturrw 
this  kind  constitutes  what  is  frc^quently  called  a  bufTer  solution. 
Monos<^>flium  phosphate  is  weakly  acid,  the  dis<^Mlium  phosphAti 
is  w(»akly  alkaline,  hut  a  mixture  of  the  two  siilts  gives  a  ncutrtl 
solution,  and  addition  of  acid  causes  no  change  in  the  neutral 
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it  acts  8imply  to  change  some  of  the  disodium 
phaie  to  nioQ(>8odiuin  phosphate. 

NagHPO*     +     HCI     =     NaCl     +     NaHtPO* 

[  TV  mncent  ration  of  hicarlH)nuto  of  so<lium  and  cnrlwnic  arid 
I  ill  llrt'  hlood  is  i^pecially  important  in  pri'ser\'inK  ihc  weak  alku- 
I  toity  cbaracteristic  of  the  blood.  Addition  of  acid  or  alkah  within 
|jmit«  does  not  alter  tho  reaction,  sin<'(»  the  acid  reacts  with  the 
liorbooato  and  disodium  phosphat*',  while  the  alkali  reacts  with 
Ibeetrbonic  acid  or,  perhaps,  is  neutralized  by  combination  with 
the IMDteias.  This  characti?ristic  of  th**  blood  as  a  buffer  solution 
tofrtber  with  the  regulating  action  of  the  lungs  upon  the  carl>onic 
mi  and  of  the  kidney  in  secreting  exco^ss  of  fixed  acids  combine, 
i  tecfore,  to  maintain  a  nearly  constant  reliction  of  the  bloo<l 
imdpr  widely  varying  conditions  of  metabolism  in  lie:dtli  and  dis- 
ttie.  in  the  older  methods  of  determining  the  alkalinity  of  the 
blood  it  was  customary  to  add  a  dilute  acid  until  a  neutral  reac- 
tioB  was  obtained  with  Htmus.  In  this  procedure  the  acid  dis- 
pbec*  the  s<Mii«m  from  its  combination  with  carlwrnic  and  phos- 
phicic  acid,  and  the  arnfumt  of  acid  necessary  for  this  purpost* 
fvmiilies  no  indication  of  the  n^al  reaction  of  the  blood;  it  deter- 
Bioo amply  the  amount  of  base  cond)ined  with  these  weak  acids, 
"nd*  method  of  titrating  the  blood  is  still  used  to  some  extent, 
*wl  the  figUH's  obtained  give  what  is  known  ha  the  '^titration 
•faiinity"  of  the  blood  as  distinguished  frc»rii  the  true  alkalinity, 
^t  w  to  say,  the  excess  of  hydroxyl  over  the  hydrogen  ioiLs. 

Specific  Gravity. — The  specific  gravity  of  human  blood  in  the 

*'ult  male  may  vary  from  1.041  to  1.067,  the  average  beinp  abiait 

'■•'ttS.    ll»e  most  satisfactorv'  metho<l  of  determining  this  factor  is, 

^^ Course,  to  compare  the  weight  of  a  known  volume  of  blood  with 

^''^t  of  an  e((ual  volume  of  water,  but  for  observations  ujxjn  human 

^^iogpsuch  small  (juantitiesof  blood  must  l>e  xxseii  that  recourse  nuist 

^  hmd  usually  to  a  more  indirect  method.     Perhaps  the  simplest  of 

"*  snethods  miggested  is  that  devised  by  Hammerachlag.*    in  this 

^^t-liod  a  mixture  is  made  of  chlorofonn  (sp.  gr.,  1.526)  and  benzol 

^*P-   gr.,  0.889).    The  mixture  is  made  in  such  proportions  as  to 

r*"*^^  a  specific  gravity  of  about  1.055.    A  tlrop  of  bUwd  from  the 

Hfiji^^j  jg  shaken  into  tliis  mixture;  if  the  ilrop  sinks  to  the  bottom 

jj**^  evident  that  the  specific  gravity  of  the  blood  is  higher  than  tliat 

^  ^lie  mixture,  and  the  reverse  is  true  if  the  drop  rises.     By  adding 

^^^^*e  of  the  chloroform  or  of  the  benzol,  as  the  case  may  be,  the 

^*^*«ific  gra\nty  of  the  mixture  may  be  (luickly  altered  so  as  to  l)e 

^^"^-»al  to  that  of  the  drop  of  blood,  which  will  then  float  in  the  liquid 

'^^hout  a  ilistinct  tendency  to  rise  or  fall.    The  specific  gravity  of 

^^^'  mixture,  which  ia  also  that  of  the  blood,  is  then  determincl  by  a 

*  Hjunmcnicblag.  "Zeit^fchrift  f.  kUn.  Med.."  20.  444,  1802. 
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suitable  hydromotor  By  tho  use  of  such  methods  it  ha-^  l>eenfourwI* 
that  the  specific  gravity  varies  with  age  and  with  sex;  that  It  is 
diminished  after  editing  and  is  increased  after  exercise;  that  it  Hm* 
diurnal  variation,  falling  p;radually  during  tiie  day  and  rising  slowly 
during  tiie  night;  and  tliat  it  varies  greatly  in  individuals,  so  that 
a  specific  gravity  which  ia  normal  for  one  may  be  a  sign  of  dmtat 
in  another.  The  specific  gravity  of  the  corpuscles  is  slightly  greater 
than  that  of  the  plasma.  For  this  reason  the  corpuscles  in  shed 
blood,  when  its  coagulation  is  prevented  or  retarded,  tend  to  settle 
to  the  bottom  of  the  coutaiuing  utensil,  leaving  a  more  or  less  clear 
layer  of  supernatant  plasma.  Among  themselves,  also,  thecorpuselM 
differ  slightly  in  specifin  gravity,  the  red  corpuscles  being  heaviest. 

Red  Corpuscles.^The  red  corptisrles  in  man  and  in  all  the 
mammalia,  with  the  exception  of  the  camel  and  other  members  of 
the  group  Camelida*.  are  bifoncave  circular  disc-s  or,  according:  to 
some  authors,  l^ll-shaped  corpuscles  without  nuclei;  in  the  faro- 
elida*  they  have  an  elliptical  form.  Their  average  diamcler  la 
man  is  given  as  7.7  ft  (1  n  ^  O.Oill  mnij;  their  numlier.  which 
is  usually  reckoned  as  so  many  in  a  cubir  millimeter,  varies  ^yniilf 
under  different  conditions  of  health  and  disease.  The  a^xratt 
number  is  given  as  5/XHj,()r)*»  per  cmm.  for  males  and  4.5IN).UOOfof 
females.  The  ret!  rolor  oi  the  corpusrles  is  due  to  the  pi' 
them  of  a  pigment  known  i^s  *' hemoglobin."  Owing  to  tin 
size  of  the  corpuscles,  their  color  when  seen  singly  under  the  mirro- 
Scope  is  a  faint  yellowish  red.  but  when  seen  in  mass  tliey  exhihl 
the  well-known  blootl-rcd  color,  which  varies  from  scarlet  in  nrteml 
blood  to  purplish  red  in  venous  l>lood,  this  variation  in  color  l)riM 
dependent  upon  the  amount  of  oxygen  contained  in  the  hkx>i  in 
combination  with  the  hemoglobin.  Speaking  generally,  the  fun^ 
tion  of  the  red  corpuscles  is  to  cany  oxygen  from  the  lungs  tolh 
tissues.  This  function  is  entirely  dependent  upon  the  presence  rf 
hemoglobin,  which  has  the  ix>wer  of  combining  easily  with  oxjteo 
gas.  The  physiology  of  the  red  corpuscles,  therefore,  is  l&igeiy  «>I^ 
tained  in  a  description  of  the  proj>erties  of  hemoglobin. 

Cotulitwn  of  thf  Hemogtobin  m  the  Corpuscic. — T)ie  finer  stnictaw 
of  the  red  rorpuMcle  is  n<iL  completely  known.  It  is  usually  sUt«»l 
that  the  corpuscle  is  composed  of  two  substances,  stronia  and  hm- 
oglobin,  together  with  a  certain  an^ount  of  water  and  sall*iui*l 
also  a  certain  amount  of  lecithin  and  cholesterin.  The  stroma  i»* 
delicate.  extcnsil)le,  colorless  suljstance  that  gives  shape  to  lb» 
corpuscles;  it  forms  a  mesh  work  or  8pong>'  mass  in  which  iJj« 
hemoglobin  is  deposited.  This  latter  substance  forms  the  chis 
constituent  of  the  corpuscle,  since  it  makes  about  32  per  cent,  of  li* 
weight  of  the  normal  corpuscle,  and  when  dry  from  90  to  W  p* 
cent,  of  the  total  solid  material.  According  lo  another  view  tha 
•  Sco  Jonc8,  "Juurnal  of  Phj-Btology,"  12.  299.  1S91. 


GENERAX    PHOPERTIES:    THE    CORPUSCLES.  421 

lire  vesicles  with  'an  external  envelope  or  pellicle  in 

[  lecithin  and  chole.sterin  are  found,  white  the  hemoglobin  is 

within.*    Whichever  view  may  be  correct,  great  interest 

to  the  presence  of  the  lecithin  and  cholesterin,  whether 

!  lubBtances  are  found  in  an  external  membrane  or  in  a  stroma 

Ipomeating  the  corpuscle.    According  to  Paacurci  the  lecithin  and 

Tcholestenn  constitute  as  much  as  30  per  cent,  of  the  drj*  weight  of 

I  the  itroma,  that  is,  of  the  portion  of  the  corpuscle  left  after  re- 

[Bov&l  of  the  hemoglobin.     Such  a  larj^e  proportion  of  these  two 

mbiUDoeB  is  not  found  elsewhere  in  the  body  except  in  the  myelin 

Aeith  of  the  nerve  hbers.     It  is  l>elieved  that  they  play  an  impor* 

tut  r6le  in   maintaining  the  integrity  of  the  corpuscles  and 

pmicularly  in  giving  to  the  peripheral  layer  or  nienibrune  sur- 

fMUtiding    the    corpuscles    certain    characteristic    properties    of 

pfrme&hQity.     Under    normal    conditions    this    external    layer 

iiwily  permeable  to  water  and  to  certain  substaaces  in  solution, 

Mich  as  urea,  alcohol,  and  ether,  but  it  is  said  to  be  iiii|)ermeable 

to  the  neutral  salts;  the  concentration  of  sodmm  chloride,  for 

'  txuiple.  is  much  greater  in  the  plasma  than  in  thv  reil  corpus^'les. 

The  condition  in  which  the  hemfigjobin  evists  within  the  cur- 

puKle  is  not  fully  understood.     It  is  evidently  not  in  solution, 

mn  the  amount  present  is  too  great  to  be  held  in  solution  in 

Ike  corpuscle,  and,  moreover,  even  a  thin  layer  of  corpuscles 

» far  from  being  transparent.     Nor  is  it  deposited  in  the  form 

of  crygtais.     It  is  assumed,  therefore,  that  it  is  present  in  an 

unorphous  form.     In  various  ways,  however,  the  relations  of  the 

'onoglobin  within  the  corpuscle  may  be  disturbeil;    so  that  it 

•*»pe8  and  enters  into  solution  in  the  phisma.      Blood  in  which 

*Wb  has  happened  suffers  a  change  in  color,  becoming  a  dark 

^•Jwon,  and  is,  therefore,  known  as  *'laked  blood."     Laked  blooti 

■I  Uiin  layers    is   quite  transparent  <'ompared  with  the  normal 

"■(Jod  with  its  opaque  corpuscles, 

Bcmolysis. — The  act  of  discharging  the  hemoglobin  from  the 

''^'•'PQacles  so  that  it  l^ecomes  dissolved  in  the  plasma  is  designated 

••  H^tnolysis.  and  substances  that  cause  this  action  are  spoken  of 

*■  Hemolytic  agents.     A  number  of  such  agents  are  known;   but, 

*'t|^<,i,gli  the  results  of  their  action  are  the  same,  so  far  as  the  hemo- 

*"^tMn  is  concerned,  the  way  in  which  they  bring  about  this  result 

i^*«t  vary  greatly.     Some  of  the  known  methods  of  producing 

2^**ioly8ia,  or  rendering  the  blood  *Maky,"   are  as  follows:    (1) 

t~^    the  addition  of  water  to  the  blood  or  by  diminishing  in  any  way 
.    ^  concentration  or  osmotic  pressure  of  the  plasma.     (2)  By  add- 
/?  ^  ether  or  chloroform.      (3)  By  the  addition  of  soaps  or  of  the 
*^Sier  fatty  acids,  especially   the  unsaturated  acids.     (4)    By 

^         *Por  recent  diacuasionfl  upon  the  hiatologica]  etnicture  of  the  corpuscles 
^*"~*  Wridmrcirh«  *'Anatotn.  AnieiRcr,"   1906,  xxvii.,  and  SchillinfE-Toncau. 
^^%  H*rtnuU»loKi.-»."  Ft  1,  1912.  14.  05. 
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adding  bile  or  solutions  of  tlie  l>ile-salts.  (5)  By  adding  amyl- 
alcohol.  (G)  By  adding  the  serum  from  the  blood  of  cer1*b 
animals.  (7)  By  adding  .saponin  or  sapotoxin.  (8)  By  the 
addition  of  nn  excess  of  alkali,  (9)  By  viirious  toxins  found  in 
snake  venom  or  in  the  serum  of  other  animals  or  among  the  prod- 
ucts of  l>aeterial  aetivity  (natural  hemolysins),  or  by  similar  o^ 
ganic  substances  produced  within  the  body  by  the  process  of  im- 
munizingc.  Some  of  these  hemolytic  agent's,  such  as  ether,  htle 
salts,  and  soaps,  prol)abl\'  effect  their  action  by  their  power  of 
uniting  with  the  lipoid  element-s  (lecithin,  cholesterin)  in  tbf 
stroma  of  the  corpuscles.  The  framework  of  the  corpuscles  w 
thus  alt4?red  so  that  the  hemo^^lobin  is  set  free.  The  action  of  tbf 
hemolysins  ami  of  agents  whieii  lower  the  osmotic  pressure  of  the 
plasma  demands  a  more  iletailed  rleseription,  iis  processes  of  gmt 
practieal  importance  are  involved  in  these  changes. 

Heniohjsi&  Caused  by  Loweriii-g  the  Ottmotir.  Pressure  of  the  Plamt 
— The  blood  corpuscles  contain  a  certain  amount  of  water  (5710 
64  per  cent,);  an  amount  insulficient  to  discharge  the  heiuoglol'ifi- 
We  may  imagine  that  the  osmotic  ])reasure  witliin  the  corpuscles 
such,  compared  with  the  osmotic  pressure  exerted  by  the  salts  in 
the  plasma,  that  a  water  equilibrium  is  established,  and  tlul, 
although  water  molecules  diffuse  into  and  out  of  the  corpusclt. 
the  exchange  is  equal  in  the  two  directions.  If,  however,  tbe 
outside  plasma  is  diluted  by  the  addition  of  water  to  any  coDsider- 
able  extent,  then  the  osmotic  pressure  outside  the  corpusclei  ^ 
correspondingly  re<lueed ,  wlu le  that  within  the  corpuscJefl  h 
unchanged.  Consequently  an  increased  amoimt  of  water  will 
pass  into  the  corpuscles,  sufficient,  in  fact,  to  "upture  the  co^ 
puscles  and  thus  discharge  the  hemoglobin.  It  is  evident, 
therefore,  that  in  injecting  litjuids  into  tlie  circulation  t>r  i* 
dihitiag  blood  outside  the  body  care  must  be  taken  not  to  u«t 
solutions  whose  nsnif»tic  pressure  is  markedly  less  than  that  (rf 
blniKi-plasma.  otherwise  many  of  the  red  corpuscles  irmy  bf 
destroyed.  Solutions  whose  osmotic  pressure  is  the  snuie  a» 
that  of  the  plasma  are  said  to  be  isosmotic  or  isotonic  with  the 
blood,  those  wIhjsc  pressure  is  lower  are  designated  as  hypuiontf. 
and  those  wlmse  pressure  is  higher  as  hypertonic*  Th**  »1^ 
that  is  contained  in  the  plasma  in  largest  amounts  is  sodium 
chlorirl.  In  mammalian  serum  it  exists  to  an  amount  eqtui 
to  0.56  per  <'ent.  and  is  probably  responsible  for  the  grwHtf 
part  (60  i>er  cent.)  of  the  osmotic  pressure  shown  by  this  liquid. 
In  making  isotonic  solutions  this  salt  is,  therefore,  gcner«By 
employe<l.  A  solution  (containing  nine-tenths  of  1  jier  cant  ot 
sodium  chlorid   (NaCl,  0.9  per  cent.)  gives  the  same  oemM 

*  For  a  full  considerution  uf  oAmottr  prpsRure  in  it£  relntioiui  to  pt>7*^ 
lozirftl   prooessea,   aee   Hmnt>urger,  "Osmotischer   Unick   und    |on*iiWam* 

V\ieKUn«t.'n.  1902. 
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plasma  as  tlctenninccl  by  tfjc  cflfoft  oi  each  on  the 
^of  the  freezing-point  (see  Appendix,  Diffusion,  Osniosis, 
[iDd  Osmotic  Pressure).  Such  a  solution  mbceii  Avith  blood 
lid  not  and  does  not  alter  the  water  contents  of  the  corpusi'les, 
I  may,  in  fact,  use  a  0.7  per  rent,  solutifm  of  soiHuni  t-ldorid 
without  causing  any  noticeable  Iieinolysis,  and  this  strength  of 
julutiijn  is  frequently  eniplnyed  in  infusions  and  experimental 
[work;  it  constitutes  what  is  known  in  the  lal»oratories  as  nor- 
Baline  or  physiological  saline.  If,  however,  one  uses  a 
concentration,  some  of  the  corpuscles  are  hemolyzed, 
ami  the  number  of  corpuscles  destroyed  and  the  rapidity  of 
the  hemolysis  increase  rapidly  with  the  lowering  of  tlie  osmotic 
preasure.*  While  a  0.9  per  cent,  solution  of  sodium  chlorid 
in  most  cases  for  infusions  and  for  diluting  blood, 
not  entirely  replace  the  nortual  plasma  c)r  serutii,  since 
[liquids,  in  addition  to  the  sodium  salts,  contain  salts  of 
[1,  potassium,  magnesium,  ete.^  each  of  which  has  doubtless 
aeertain  specific  importance,  in  diluting  blood  outside  the  body, 
Then  the  dilution  is  large,  better  results  are  obtained  by  using  what 
is  biovn  as  liinger's  mixture,  which  consists  of  the  physiological 
»linc  solution  plus  small  amounts  of  potassium  and  calcium 
chlorid.    One  formula  for  Ringer's  solution  is: 


P 


Sodiuni  chlorid 0.9      p€r  cent. 

Caldum  chlorid 0.026    "       " 

Potassium  chlorid 0.03      "      " 


Bemolysis  Caused  by  the  Action  of  Hemolysins. — It  has  long  been 

bown  that  the  serum  of  one  animal  may  destrtjy  the  red  corpuscles 

of  another  animal.    Thus,  rabbits'  blood  corpuscles  added  to  the 

dear  serum  of  a  dog,  cat,  or  man  are  quickly  destroyed,  with  the 

^»eration  of  their  hemoglobin.     This  action  w^as  formerly  described 

"Oder  the  term  **globulicidal  action  of  senmi,"  and  was  compared 

'^ the  similar  destructive  (bactericidal)  action,  exhibited  by  serum 

^^'^wd  some  bacteria.    In  more  recent  literature  the  term  hemol- 

'"Ms  has  replaced  that  of  "globulicidal  action/'  ami  the  hemolytic 

*^ect  that  a  serum  may  exert  upon  foreign  corpuscles  is  attributed 

^  the  presence  in  it  of  certain  substances  which  in  general  are  classed 

"  hemolvBins.     This  hemolytic  action  is  not  due  to  a  simple  differ- 

*X5e  in  oemotic  pressure.    The  serums  of  the  different  manmialia 

^Ve  all  approximately  the  same  osmotic  pi-essure;  the  differences 

•'^    too  slight  to  explain  the  effect^s  ob8er\-ed.     Moreover,  if  the 

^AeooHing  to   Brachmachari  ("Studies  in  Hemolysie,"  Calcultu,  1913) 

'***  »wl  corpusolw*  in  human  blood  bcRin  to  hemolyzc  in  ^  soluiions  of  sodium 

%n  >m|^  and  the  hemolysis  increases  rupiiily  ln'twcfn  this  concentration  and  ^ 

Some  corpu»clee»  however,  rctnin  hcnioizlobin  even  when  the  blood 

with  nine  lunee  ita  volume  of  distilled  water. 
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serum  ustui  is  heated  to  55°  C.  its  hemolytic  action  is  destroyed, 
although  no  noticeable  change  occurs  in  the  osmotic  pressure.   In 
addition  to  the  hemolysins  foimtl  normally  in  the  blood  of  different 
animals  it  was  shown  first  by  Bordet  *  that  they  may  be  produced 
artificially.    The  serum  of  guinea  pigs  has  httle  or  no  effect  normally 
on  the  red  corpuscles  of  rabbits'  blood.     If,  however,  one  inject* 
some  rabbits'  blood  beneath  the  skin  of  a  Ruinea-plf?  and,  if  nwifr 
sary,  repeats  the  process  it  will  be  found  that  the  blood  of  llie 
particular  guinea  pig  has  now  a  strong  hemolytic  action  toward  the 
red    corpuscles   of    rahl>its.    This   method    of   producing   specific 
hemolysins  by  means  of  subcutaneous  or  intraperitoneal  injecticM 
of  foreign  red  corpuscles  is  designated  as  a  process  of  immuoiiin^, 
anil  the  serum  of  the  animal  in  which  a  specific  hemolysin  has  Ijeen 
thus  produced  is  fi-equently  called,   for  convenience,  an  immune 
serum.     These  terms  are  employed  on   account  of  the  essentiil 
similarity  of  the  processes  involved  to  those  underlying  the  devel- 
opment of  immunity  toward  special  diseases.     When  the  body  is  in- 
vaded by  pathogenic  bacteria  the  toxic  substances  produced  by  these 
organisms  stimulate  the  tissues  to  form  specific  antitoxins  which 
are  capable  of  neutralizing  the  action  of  the  bacterial  toxins.    Tba 
body  is  thus  rendereti  immune  toward  special  bacteria,  and  that  lh4 
blood  of  the  immunized  animal  actually  contains  a  definite  anti 
toxin  may  be  shown  in  some  cases  hy  the  fact  that  when  injeci 
into  another  intlividual  the  latter  also  acquires  the  specific  immi 
ity.    So  in  regard  to  the  hemolysins.    The  presence  of  the  foi 
red   corpuscles  causes  the  development  of  a  specific  antibod^ 
capable  of  destroying  the  special  form  of  rr<i  corpuscle  injectedj 
The  substance  in  the  red  corpuscles  which  sti  mulatto  the  tissue  tq 
form  an  antilx>dy  is  designated  in  general,  according  to  the  nome: 
ciature  of  the  day^  as  an  antigen.     Experiments  indicate  that  thi 
antigen  in  the  red  corpuscles  is  not  the  hemoglobin,  but  rather  soi 
constituent   of   the   stroma.     This   interesting   reaction    may 
obtained  with  other  cells  than  the  red  corpuscles  and  bacteria.     B; 
injecting  spermatozoa,  an  antibody  may  be  produced  in  the  bl 
which  destroys  this  particular  form  of  cell,  and  the  same  fact  hoi 
good  for  epithelial  cells,  etc.    Moreover,  solutions  of  foreign  protei 
injectcfi  in  the  same  way  give  rise  to  the  formation  of  definite  anti* 
bodies  capable  of  coagulating  or  precipitating  the  special  protein^ 
used.     In  this  last  case  the  antisulistance  is  designated  as  d 
precipitin  on  account  of  its  precipitating  effect  on  the  solutiod 
of  protein   (see  Appendix,  p.  1011).     This  wonderful  protective 
adaptation  of  the    body  towaril    the    invasion  of   foreign   cellfl 
or  proteins  is  at  buttom  doubtless  a  chemical  reaction  dependent 
upon  the  properties  of  the  living  cells,  but  the  nature  of  the  proc^ 
esses  involved  is  not  at  all  understood,  and  the  phenomenon  isJ 
•  BonJet.  "Annalea  de  Tlnfit.  Paateur."  1895. 
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Ihenforet  desipiated  provisionally  as  a  biolo^iral  reaction.    The 

specific  hemolysins  procluceii  by  immunization  huve  been  studied 

by  Bordet,  Ehrlich,  and  others.*     It  has  been  shown  that  they 

are  in  reality  composed  of  two  substances  whose  combined  aetion 

bneeeaaary  for  the  hemolysis.     There  is,  first,  a  new  and  specific 

iolistaQoe  that  is  produced  by  the  body  a.^  a  consequence  of  the 

injection  of  the  foreign  blood  corpuscles.    This  substance  has  been 

pvcD  different    names^   but    is   known  most  frequently    (EhrJich) 

« the  immune  body  (or  amboceptor).     It  is  not  destroyed  by  mod- 

eftle  beating.     The   immune    body   is  enabled   to  act   upon   the 

corpuscles  by  the  co-operation  of  certain  substances  which  are 

oornally  present  in  the  serum  and  are  therefore  not  produced  by 

tbeproc«BS  of  immunization.     These  substances  are  known  usually 

II  Mxnplements.  and  it  is  they  that  are  ilestroyed  b}'  heating  to 

K"  C-    If  the  immune  serum  of  a  guinea  pig  is  heated  to  55°  C. 

hi  hemolytic  action  upon  rabbits'  corpuscles  is  destroyed.    The 

•rtioo  may  be  restored,  however,  by  adding  a  little  of  the  rabbit's 

own  scrum,  since  in  terms  of  the  above  hypothesis  the  complements 

irr  present  in  normal  serum.     That  is  to  say^  an  experiment  of 

the  following  kind  may  be  performed.     Wa^slieti  blood  corpuscles 

of  a  rabbit  plus  immune  senim  from  a  giiJnea  pig  show  hemolysis. 

Wiibed  blood  corpuscles  of  a  rabbit  plus  immtme  serum  which  has 

been  made  inactive  by  heating  show  no  hemolysis.      Addition  of 

Donnal  rabbits'  serum  to  this  latter  mixture  again  activates  the 

immune  serum  and  causes  hemolysis.     The  rabbits'  serum  in  this 

tm  supplies  the  needed  complement. 

These  fact«,  it  should  be  stated,  arc  interpreted  somewhat  differently 
bjr  Bordeut  The  immune  substance  he  desij^nates  as  a  ''subntnnct  aensihUa- 
frv""  and  the  complement  as  alexin.  The  latter  forms  the  protective  sub- 
tUM«  of  the  blood,  but  ia  unable  to  act  upon  the  foreign  cells  until  these 
titter  have  been  changed  in  some  way.  that  is,  sensitized  by  the  specific 
Qnnuiw  aubtftanoe  developed  durioj^  the  process  of  immiinizing. 

In  the  case  of  some  of  the  natural  hemolysins  referred  to 
ibove  it  has  also  been  shown  that  the  solution  of  the  corpuscles 
depends  upon  the  combined  action  of  two  substances.  This 
point  has  been  made  clear  particularly  in  regard  to  the  snake- 
poisons,  such  as  cobra  venotn.  In  these  venums  there  is  present 
A  substance  analogous  to  the  iinnuine  bcnly  or  amboceptor,  but 
*"  "Flier  for  it  to  affect  the  red  corpuscles  it  must  be  activated 
^*'a  complement  of  some  sort,  present  in  the  plasma  or  the  red 
"^^'PUscle  itself.  Kyest  has  given  some  interesting  fact-s  to 
^^^  that  lecithin  is  an  effective  complement  for  these  venoms, 

See  Wassermann.   "Immune  Srra,   H^Tiiolvainn.  Cytotoxins.  and  Pre- 
."    tnowlated    by    liolduan,    \pw    York,    1904.     Ehrlich    *'CollL*rled 
on  Iminunily.''  tniit'ilattHl  by   Bolduan,   New  York,   1900.     8imon, 
■  **^ion  and  Immunily."  Phihidelpma»  11*12. 

^     Bordet,  "Studiesi  in  Immunity,"  translated  by  Gay,  New  York,  1909. 
*^    Kyw.  "Berl.  klin.  WochfiiiK'hnft,"  ItKM  and  1903. 
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and  that  probably  it  is  this  definite  substance  which  is  furni^hfJ 
by  the  blood  in  activating  the  venom  toxin. 

Speaking  in  general  tornvs^  the  serum  of  any  animal  is  mon  re 
less  henaoljlic  in  relation  to  the  hltxid-eorpuscles  of  an  animal  o( 
another  species;  l^ut  great  differences  are  shown  in  this  n.>i)Kt. 
The  )>i(io<i-Henun  of  the  horse  shows  but  little  hemoljlic  uctioo 
upon  the  red  corpuscles  of  the  rabbit  when  compared  with  the 
effect  of  the  serum  of  the  dog  or  cat.  Eels'  serum  has  a  re- 
markably strong  hemolytic  aetion  upon  the  red  eorpUKltt 
of  most  mammals:  a  very  minute  quantity  of  this  serum  (004 
ex.)  injected  into  the  veins  of  a  rabbit  will  cause  liemolyas 
of  the  corpuscles  and,  as  a  consequence,  the  appeih 
ance  of  bloody  urine  (hemoglobinuria).  It  should  be  added 
that  this  curious  toxic  or  lytic  ePTect  of  foreign  serums  i>  U(* 
confinefl  to  the  red  corpuscles.  They  contain  cy totoxins  that  affwl 
also  other  tisstie  elements,  especially  those  of  the  central  nervoui 
system,  and  may  therefore  cause  death.  As  little  as  0.04  c.c,  d 
eels'  serum  injected  into  a  small  rabbit  will  cause  the  death  of  tb 
animal,  the  fatal  efTect  being  due  apparently  to  an  action  on  li» 
vasomotor  and  re«pinitor>'  centers  in  the  medulla.  The  hemohlif 
and  generally  toxic  effect  of  foreign  sera  has  been  known  for  a  long 
time.  It  was  discovered  practically  in  the  numerous  attempts 
in  former  years  to  transfuse  the  bloo*l  of  one  animal  into  the 
of  another.  It  ha^  l>cen  found  that  this  process  of  transfiiaion 
means  of  combatting  severe  hernorrhage  is  dangerous  unless 
blood  is  taken  from  an  animal  of  the  same  or  a  nearly  relatsi 
species. 

Nature  and  Amount  of  Hemoglobin. — Hemoglobin  is  a  very  ! 
complex  substance  belotiKitig  to  the  group  of  conjugated  protana- 
Under  the  influence  of  heat^  acitls,  alkalies,  etc.,  it  may  l>e  brokea 
up,  with  the  formation  of  a  simple  protein,  globin.  l)elongiDg  lolte  | 
group  of  histons  (see  ftpj>endix)   and  a  pigment,  hemalin.    Tl* 
globin  forms,  according  to  different  estimates,  from  S6  to  94  per  wot 
of  the  molecule,  and  the  hematin  about  4  per  cent.     Other  su^ 
stances  of  an  undetermined  cliaracter  result  from  thedecompoffltioa* 
When  the  decomposition  takes  place  in  the  absence  of  oxygen,  thi 
prochu'ts  formed  are  globin  and  hemorhromogen,  Instead  of  | 
and  hematin.     Hemochromogen  in  the  presence  of  oxygen ' 
undergoes  oxidation  to  the  more  stable  hematin.    Hopp 
has  shown  that  hemochromogen  jxissesses  the  chemical 
which  gives  to  hemoglobin  its  power  of  combining  readily  withi 
gen  and  its  flistinctive  absorption  8i>ectrum.     On  the  basis  (4i 
such  as  these,  hemoglobin  may  l>e  defined  as  a  compound  of  a  ] 
body  with  hematin.     It  seems,  then^  that^jiltiiQUgh  the  btaiiocbn^  I 
mogen  or  hematin  portion  is  the  essential  constitiien^,^  gjvinfn  to  th<  j 

*  Sehulz,  "Zeilschrift  f.  phymologuchc  Chemie,"  24;  alao  Launaw,  ih4,4^] 
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[lie  of  hemoglobin  its  valuable  physiological  properties  afi  a 

piratory  pigcnedt.  yei  in  ihe  blDOft^corpuscTes~niis "substanceTs 

JDCOTporated  into  the  much  larger  and"  more  unstable  molecule"  of 

kPOriobiPj  vlioee  behayiorjtoward  oxygen  is  different  from  that 

of  thf  hematin  it^lf.  the  difference  lying  nuiinly  in  the  fact  that 

'-  tlnn^as  ii  exists  In  THe'corpuscles  forms  with  oxygen  a 

,.1,  t\...Me  combination  that  may  be  broken  up  readily 

t  he  gas." 

Henioglobm  is  widely  distributed  throughout  the  animal  king- 
dom, being  found  in  the  blood  corousdes  of  mammalia,  birds, 
reptiles,  amphibia,  and  fishes,  and  in  the  blood  or  blood  corpuscles 
,flfmany  of  the  invertebrates.  The  composition  of  its  molecule  is 
to  vary  somewhat  in  different  animals;  so  that,  strictly 
■pcddng,  there  are  probably  a  number  of  different  forms  of  hemo- 
l^ln — all,  however,  closely  related  in  chemical  and  physiological 
properties.  Elementary  analysis  of  dogs'  hemoglobin  shows  the 
idknring  percentage  composition  (Jaquet):  C,  53.91;  H,  6.62;  N, 
Ii98;  S,  0,542;  Fe,  0.3:i3;  O,  22.62.  Its  molecular  formula  is 
pren  as  C^^.Hjj^jjNmSjFeOj,,,  which  would  make  the  niolec- 
ulir  weight  16,669.  Other  estimates  are  given  of  the  molecular 
fonnula,  but  they  agree  at  least  in  showing  that  the  molecule  is  of 
enormous  size.  The  hematin  that  is  split  off  from  the  hemoglobin 
ts  A  pigment  whose  constitution  is  relatively  simple,  as  is  indicated 
by  ita  percentage  formula,  t'siH^^N^FeO^  (Kiisfer).  It  contains 
all  of  the  iron  of  the  original  hemoglobin  molecule.  Claragee  has 
called  attention  to  two  facts  which  seem  to  indicate  that  the  glubin 
and  hematin  do  not  exist  as  such  in  the  hemoglobin  molecule. 
Thus, hematin  is  magnetic,  — that  is,  is  attracted  by  a  magnet^ — while 
hanoglobin,  on  the  contrary,  is  diamagnetic.  Globin  alone  rotates 
tbi  plane  of  polarized  light  to  the  left,  levorotatory,  while  hemo- 
^fobin  solutions  are  dextrorotatory.  The  exact  amount  of  hemo- 
flohin  in  human  blood  varies  naturally  with  the  individual  and  with 
different  conditions  of  life.  According  to  I'reyer,*  the  average 
amount  for  the  adult  male  is  14  grams  of  hemoglobin  to  each  100 
pamsof  blood.  It  is  estimated  that  in  the  blotxl  of  a  man  weighing 
^  kflograms  there  are  contained  about  5CM}  to  700  graiuH  of  fiein- 
^'»bln.  which  is  distriliutod  atiiou^  s(»me  25, (X)0, 1)00. 000, 000  of 
^'^rpuscles,  giving  a  total  superficial  area  of  about  3200  square 
;  "^^ters.  Practically  aQ  of  this  large  surface  of  hemoglobin  is 
I  ***ftilahle  for  the  absorption  of  oxygen  from  the  air  in  the  lungs, 
\t^  owing  to  the  great  number  ami  the  minute  size  of  the  capil- 
■p^«,  the  blood,  in  passing  through  a  capillary  area,  becomes 
g^^iivided  to  such  an  extent  that  the  red  4'nrpuscles  streaui 
J|*»*Ough  the  capillaries,  one  may  say,  in  single  file.  In  circu- 
Bj*»ig  through  the  lungs,  therefore,  each  corpuscle  becomes 
"  •  "Die  Biulltr>'3talle,"  Jeoa,  IH71. 
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exposed  iiKfre  or  less  completely  to  the  action  of  the  air,  ud 
the  utilization  of  the  entire  quantity  of  hemoglohin  must  be 
nearly  perfect.  Instruments  known  as  heraometers  or 
hemoglobinometers  have  been  devised  for  clinical  oa 
in  determining  the  amount  of  hemoglobin  in  the  blood  of 
patients.  A  number  of  differr'nt  forms  of  this  instrument  are  in 
use.  In  all  of  them,  however,  the  determination  is  made  with  i 
drop  or  two  of  blood,  auch  as  can  be  obtained  without  diffictilty 
by  pricking  the  skin.  The  amount  of  hemoglobin  in  the  withdrawn 
blood  is  determined  usually  by  a  coloriraetric  method, — that  is,  its 
color,  which  is  due  to  the  hemoglobin,  is  compared  with  a  series  rf 
standard  solutions  containing  known  amounts  of  hemoglobin,  or 
with  a  wedge  of  colored  glass  whose  color  value  in  terms  of  hemo 
globin  has  been  determined  l^eforehand.  For  details  of  the  stnjctuit 
of  the  several  instruments  employed  and  the  precautions^  to  be  ob- 
stTved  in  thi'ir  use  reference  must  be  made  to  the  laboratory  guides.' 
Compounds  with  Oxygen  and  Other  Gases.-  Hemoglobin  has 
the  property  of  uniting  with  oxyf?en  gas  in  certain  definite  prop(»^ 
tions,  forming  u  true  chemical  compound.  This  comjwund  is  known 
as  oxyhemogtobtn ;  It  is  formed  whenever  blood  or  hemoglobin  sdn* 
tions  are  exposed  to  air  or  are  otherwise  brought  into  contact  with 
oxj^gen.  According  to  a  determination  by  Hufncr.f  one  grain  ol 
hemoglobin  combines  with  1.36  c.c.  of  o.xygcn.  These  figures 
would  indicate  the  probability  that  each  molecule  of  bemogi 
unites  with  a  molecule  of  oxygen,  since  1.36  c.c.  of  oxygen 
approximately  0.0019  -h  gram,  and  the  ratio  of  1  gram  of  hej 
to  0.0019  gram  of  oxygen  \&  that  of  the  molecular  weight  of  h< 
globin  to  the  molecular  weight  of  oxygen,  that  is,  16609:32:: 
1 : 0.0019.  It  should  be  stated  that  iiome  observers  |  find  that  ihf 
maximum  oxygen  capacity  of  the  blood  may  show  individual  vanir 
tions  within  narrow  limits,  and  that,  therefore,  what  we  designatf  tf 
hemoglobin  may  not  be  a  single  chemical  substance,  but  a  mixture 
of  closely  related  compounds.  Oxyhemoglobin  is  not  a  very  finn 
compound.  If  placed  in  an  atmosphere  containing  no  oxypa 
it  is  dissociated,  giving  ofiF  free  oxygen  and  leaving  behind  benXK 
globin  or,  as  it  is  often  called  by  way  of  distinction,  "redmd 
hemogMmx"  This  power  of  combining  with  oxygen  to  lonn  i 
loose  chemical  compound^  which  in  turn  can  be  dissociated  eidT 
when  the  oxygen  pressure  Is  lowered,  makes  possible  the  functK» 
of  hemoglobin  in  the  blood  as  the  carrier  of  oxygen  from  the  luo^ 
to  the  tissues.  The  details  of  this  process  are  described  in  d* 
section  on  Respiration.  Hemoglobin  forms  with  carbon  monoxid 
gas  (CO)  a  compound,  similar  to  oxyhemoglobin,  which  is  kno»n 

*  See  Simon,  "A  Manual  of  Clinical  Diagnosis,*'  Philadelphia. 

t  "Archiv.  f.  Phyuiologie,"  1894,  p.  130. 

I  See  Bohr,  ;n  Nacel's  "Handbucb  der  Physiologie,"  vd.  i,  pt.  I.,  lOOS. 


GENERAL    PROPERTTBS:    THE    CORPUSCLES. 


429 


monoxid  hemoglobin.     In  this  compound  also  the  union 

Ucceptftce  in  the  proportion  of  one  molecule  of  hemoglobin  to  one 

molecule   of   the    gas.     The    compound    formetl    Jiffers,    however, 

(mm  oxyhemoplobin  in  l>eino:  much  more  stable,  an<l  it  is  for  this 

naaon  that  the  breathing  of  carlx>n  monoxid  ^as  is  liable  to  prove 

(stal.    The  CO  unites  with  the  hemo^lol)in.  forming  a  firm  com- 

pooDd;  the  tissues  of  the  body  are  thereby  prevented  from  obtaln- 

BS their  necessary  oxy^n.  and  death  resuU^  from  suffocation  or 

Mpbyxia.     Carbon    monoxid    forms    one    of    the    constituenU   of 

The  weil-known   fatal  effect  of  breathing  coal-gas  for 

time,  as  in  the  case  of  individuals  sleeping  in  a  room  in  which 

is  escaping,  is  traceable  directly  to  the  carl>on  monoxid.     Nitric 

CBdd  (NO)  forms  also  with  hemoglobin  a  definite  compouml  that 

iieven  more  stable  than  the  CO  hemoglobin;  if,  therefore,  this 

gtfwere  brought  into  contact  with  the  blood,  it  would  cause  death 

Id  the  same  way  as  the  CO. 

Oxyhemoglobin,  cartmn  monoxid  hemoglobin,  and  nitric  oxid 
bdnoglobin  are  similar  compounds.  Each  is  formed,  apparently, 
by  a  definite  combination  of  the  gas  with  the  hematin  portion  of  the 
bonoglobin  moleeidc,  and  a  given  weight  of  hemoglobin  unites 
pmumably  with  an  equal  volume  of  each  gas.  In  marked  contrast 
to  these  facts,  Bohr*  has  shown  that  hemoglobin  fonns  a  comiKJund 
with  carbon  lUoxid  gas,  carbofwmogiofjifij  in  which  the  quantitative 
rejationahip  of  the  gas  to  the  hemoglobin  differs  from  that  shown 
h\'  oxygen.  In  a  mixture  of  O  ami  COj  the  latter  gas  is  absorl:)ed  by 
hcnu^gloltin  8^)^^1003  independently  of  the  oxygen,  so  that  a  solu- 
tion  of  hemoglobin  nearly  saturated  with  oj^'gen  nnll  take  up  CO, 
M  though  it  held  no  oxygen  in  combination.  Bohr  suggests,  there- 
fore, that  the  <J  and  the  CO,  must  unite  with  different  jKirtiotis  of  the 
Ixnioglobin — the  oxygen  with  the  [figment  p<jrtion  and  the  CO,  possi- 
bly with  the  protein  portion.  Although  the  amount  of  CO,  taken  up 
by  the  hemoglobin  is  not  influenced  by  the  amount  of  O  already  in 
•tnnhination .  the  reverse"relationship  does  not  hold  in  all  cases.  It  is 
'ound  lliat  the  presence  of  the  CO,  loosens,  as  it  were,  tlie  combina- 
*'onl>ctween  the  hemoglobin  atul  the  oxj'gen  so  that  the  oxyliemo- 
^'>Un  dissociates  more  readily  than  would  otherwise  l>e  the  case. 
^^  is  obscr\'ed  at  least  when  the  oxygen  is  under  a  low  pressure, 
*Uch  as  occurs,  for  instance,  in  the  caj)illaries  of  the  tissues.  The 
^^poftance  of  this  fact  in  reganl  to  the  oxygen  supply  to  the  tissues 
*•  '^ferred  to  more  explicitly  in  the  section  on  Respiration. 
^  -^esence  of  Iron  in  the  Molecule.— It  is  probable  that  iron 
*  *^>ute  generally  present  in  the  animal  tissues  in  connection  with 
^*^lein  compounds,  but  its  existence  in  hemoglobin  is  noteworthy 
y^^uscit  has  long  l)een  known,  and  because  the  important  proi)erty 
^^ombining  with  oxygen  seems  to  be  connected  with  the  presence 
*  "SltandinAvidches  Archiv  f.  Physiologie,"  3.  47.  1892,  and  16.  402,  1904. 
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of  this  f'lemcnt.  According  to  recent  analyses,  tho  proportion  o( 
iron  in  hemoglobin  is  constant,  lying  between  0.33  and  0.34  ptf 
cent.*  The  amount  of  hemoglobin  in  blood  may  be  detcnnined, 
therefore,  by  making  a  quantitative  determination  of  the  iron. 
The  amount  of  oxygen  with  which  hemoglobin  will  combine  miy 
be  expresse<t  by  saying  that  one  molecule  of  oxygen  will  be  fixed  for 
each  atom  of  iron  in  the  hemoglobin  molecule  In  the  decompoei' 
tion  of  hemoglobin  into  globin  and  hematin,  which  has  been  spoka 
of  above,  the  iron  is  retained  in  the  heniatin. 

Crystals. — Hemoglobin  may  be  obtained  readily  in  the  fonn  rf 
cr>'stals  (Fig.  181).    As  usually  prepared,  these  cn'stals  arereaUy 

oxyhemoglobin,  but  it  hm 
been  shown  that  reclumi 
hemoglobin  also  cnt^s-talliK*. 
alth<»ugh  with  more  diffi- 
culty. Hemoglobin  from 
the  blood  of  different  ani' 
mals  varies  to  a  marked  tie* 
grt*e  in  re:>pe<'t  to  the  poi 
of  crj^stallization  and 
fonn  of  the  erj'stals,  but  in 
the  various  species  of  auiy 
one  genus  the  cr>-stab  be- 
long to  one  crj'stallographic 
group.  From  the  blootl  dl 
the  rat,  dog,  cat,  guinea-pig, 
and  horse  crj'stAls  arv  rowJ- 
ily  obtained,  while  beroo- 
globin  from  the  blood  of 
man  and  of  most  of  tbev«^ 
t<*brates  crystallizeii  raudi 
less  eAsily.  Method? 
preparing  and  purif; 
tiiese  cr>'stals  will  l>e  found 
in  works  on  physiolopfJ 
chemistry.  To  obtain  ppw** 
mens  quickly  for  exaniiM' 
tion  under  the  micr 
one  of  the  most 
methods  i.s  to  take  some  blood  from  one  of  the  animals  whose 
globin  crj\stallizes  ejisily,  place  it  in  a  test-tul^e,  add  to  it  a  few 
of  ether,  shake  the  tuU*  thimuiglily  until  the  blood  l>ecomc8  \akf^ 
tlkiit  is,  until  the  hemoglobin  is  discharged  into  the  plasma, 
then  place  the  tube  on  ice  until  the  crystals  are  deposited. 
portions  of  the  crj'stalline  sediment  may  then  be  removed  to  a 
•  iJutlertield,    'Zeil.  f.  physiol.  Chemie,"  ti2.  173.  1909. 


— CfysUlliBed    hamoclobin    (after 
ysUuB  from  vrnnuM  bldod  of  m&n; 


Fix.     181. 

Fny):  a,  t,  Crvft „. ^  ^,  ..._, 

c,  from  the  blood  of  a  eat;  d.  from  tb«  blood  of 
a  KUinea  iiie*  e,  from  the  bJuod  of  a  huuater; 
/,  from  the  blood  of  a  MiuiiTel. 
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sb(k  for  examination.   AccordinR  to  Relehert,  the  deposition  of  the 
is  hastenetl  by  adding  amnumiuni  oxalate  to  tht^  blood  in 
titles  sufficient  to  make  from  I  to  5  per  cent,  of  the  mixture. 
Buvn  and  in  most  of  the  nianmuilia  hemup;!ohin  is  deposited  in 
form  of  rhombic  prisms;  in  the  guinea-pi^  it  crystallizes  in 
ledra  (d,  Fig.  181);  in  the  rat  in  the  form  of  elonpjated  six- 
pklflB,  and  in  the  squirrel  in  hexagonal  phites.     In  an  elnbo- 
ttld  careful  study  of  the  crjstallographic  tharaeters  of  lu-mo- 
in  fn.mi  a  large  numl>er  of  animals  Reiehert  and  Brown*  have 
that  differences  exist  lx*tween  tlie  crystals  of  various  sp4»cies 
'iuch  a  character  that  they  may  he  used  to  determine  whetlier  or 
"iot  animals  In^Iong  to  the  same  penus.    This  difference  in  crystal- 
Imefomi  implies  some  difference  in  molecular  structure,  and  taken 
together  with  other  known  variations  in  i)roperty  shown  hy  hemo- 
jbbin  from  tlifferent  animals  leads  us  to  believe  that  the  huge  mole- 
cule has  a  labile  structure,  and  that  it  may  differ  somewhat  in  its 
ular  composition  or  atomic  arrangement  without  losing  its 
aiulopcal  pnjperty  of  an  oxygen-carrier.     In  this  connection 
it  is  interesting  to  state  that  the  hemoglobin  of  horses'  blood,  which 
dYStallizes  onlinarily  in  large  rhombic  prisms,  may  l>e  made  to  give 
hexagonal  cr\'8tal8  by  allowing  it  to  undergo  putrefaction,  and  that 
the  form  of  the  cr\*stals  may  then  be  changed  fmm  hexagons  to 
thombe  by  varv'ing  the  temperature  of  the  solutions.!    The  cr>'stals 
are  readily  soluble  in  water,  and   by  repeated  crvstallization   the 
iMDO^bin  may  be  obtained  j>erfeetly  pure.     As  in  the  case  of 
other  soluble    protein-like    botlies,    solutions    of    hemoglobin    are 
precipitated  by  alcohol,  by  mineral  acids,  by  salts  of  tlie  lieavy 
netais,  by  boiling,  etc.     Notwithstanding  the  fact  that  henioglohin 
er)rst&llLzes  so  readily,  it  is  not  easily  dialyzable,  behaving  in  this 
respect   like   non-erystallizable  colloidal  bodie-s.    The  compovmds 
which  hemoglobin  forms  with  carbon  monoxid  (CO)  and  nitric  oxid 
(^0)  are  also  cryatallizable.  the  crystals  being  isomorphous  with 
those  of  oxyhemoglobin. 

Absorption  Spectra. — Solutions  of  hemoglobin  and  its  deriv- 
ative compounds,  when  examined  w*ith  a  spectroscope,  give 
distinctive  aljaorption  bands. 

^Ught,  when  made  to  pa»  through  a  gla^  prism,  u  broken  up  into  its 

J**titucnt  niys.  giving;  the  play  of  rainbow  colors  known  m  the  upectrum. 

I^Aj^ctroacope  is  an  apparatiw  for  producing  and  obw^nitig  a  8p{^ctruIn.     A 

■rftat|*9  form,  which  illu«tratessutliciently  well  the  construction  of  theappnra- 

^^Bb  ibown  in  Kif?.  182,  P  hrins;  the  glass  prism  i;rtving  the  spectrum.    Light 

^^*  ttpon  this  prism  through  the  tube  {A)  to  the  left,  knov^Ti  as  the  "colli- 

''laior  tiilM?."    Aslit  at  the  endfif  this  tube  {S)  ndmit-s  a  narrow  nlice  of  ii^ht — 

rUpU|:ht  or  simlight — which  then,  by  means  of  a  convex  lens  at  the  other 

*****  Of  the  tube,  is  made  to  fall  upon  the  prism  {P)  with  its  rays  parallel.     In 

■       *  Reirhert  and  Brown,  *'  The  CrvRtallography  of  Hemoglobins,"  Carnegie 
■"^•t^iilion  of  WiwhinKton.  No.  nfi;p.>(K». 

^  Uhlik,  "Archiv  i.  d.  gesiuuml^  Physiologie,"  1(M,  04,  1904. 
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passing  throuph  the  prism  the  rays  arc  dispersed  by  unequal  refract  ion.  p^ifl 
a  spectrum.     The  spectrum  thiiB  produced  is  examined  by  the  ol>8er^w  iTtfc 
the  aid  of  the  teiescope  {B).     When  the  telescope  is  prom»riy  focused  foHf^ 
raya  entering  it  from  the  prism  iP),  a.  clear  picture  of  the  spectrum  i»C 
The  lenEtli  of  the  spectrum  vAW  depend  upon  the  nature  and  the  nu 
the  prisms  throuj^h  which  the  light  i8  made  In  pass.     For  ordinary  pu 
short  spectrum  ia  preferable  for  hemoglobin  hands,  and  a  spectroscope  i 
prism  IS  generally  used.     If  the  source  of  light  is  a  lamp  flame  of  some  kind] 


^ 


V\g.  182.— {)peotroMope:  P,  The  glnm  prinn ;  ^ ,  Um  colUmator  tube,  afanwinc  UvdHiA 
Ihrouih  which  the  light  is  admitted;    B*  the  teleeoope  for  obaervinc  the  i    ^ 

the  ispeetnim  is  oonfinuouy,  the  colors  gnidually  merging  one  mto  i 
from  nxl  to  violet.  If  sunlight  i.-*  UHctl^  the  sp»cclrum  will  be  cnwwci  I 
number  of  narrow  dark  lines  known  iw  the  "  Fraunhofer  liDt«."  The  |w« 
of  thes*;  lines  in  the  Holar  spectrum  ia  fix»J,  and  the  more  distinct  oti»  iW 
designated  by  letters  of  the  alphabet,  A ,  fi,  C.  D,  £",  etc.,  as  shown  in  the  chtfW 
below.  If  while  using  solar  light  or  an  artificial  light  a  solution  of  uny  Mtr 
stance  which  gives  absorption  nands  ih  so  placed  in  front  of  the  slit  thit  U* 
li^ht  i.s  obliged  to  traverse  it,  the  spectrum  as  obser\'cd  through  the  telawop 
will  show  one  or  more  narrow  or  broad  black  hands  thai  ar^  charaettfi^ 
of  the  Hubstancf'  used  and  constitute  it«  absorption  spectrum.  Thr  potitiofll 
of  these  bunds  may  be  designated  by  describing  their  relatioDS  to  the  Krtus* 
hofer  lines,  or  more  directly  by  stating  the  wave  lengttis  of  the  ponioni'' 
the  spectrum  between  which  absorption  takes  place.  Some  spectroflOOMi tf* 
provided  with  a  scidc  of  wave  lengths  superposed  on  the  spectnim.  ana  *l^ 
properly  adjusted  this  scale  enabUv  one  to  read  off  directly  the  wavr  koi(tki 
of  fuiy  part  of  the  spectrum. 

When  verj'  dilute  sohitions  of  oxyhemoglobin  are  cxaminetl  wi<^ 
the  spectroscope,  two  absorption  bands  appear,  both  occuninc  B 
the  iHirtion  of  the  spectnim  inckided  between  the  Fraunhofet  lin*  ' 
D  and  E.  The  hand  nearer  the  red  end  of  the  spectnim  is  knowti 
as  the  "fci-hand";  it  is  narrower,  darker,  and  more  clearlv  defined 
than  the  other,  the  ".^-band"  (Fig.  183).  The  width  and  distinrt- 1 
Iiess  of  the  bands  vary  naturally  with  the  concentration  of  the  solutkio 
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ukJ  (see  Fig.  184)  or,  if  the  concentration  remains  the  same, 
the  width  of  the  stratum  of  liquid  through  which  the  light 
With  a  certain  minimal  percentage  of  oxyhemoglobin 
than  0.01  per  cent.)  the  j5-band  is  lost  and  the  «-band  is  vpry 
\i  in  layers  1  centimeter  thick.  With  stronger  solutions  the 
binds  become  darker  and  wider  and  finally  fuse,  while  some  of  the 
QCtRme  red  end  and  a  great  deal  of  the  violet  end  of  the  spectrum 
ire  »bo  abeorbed.  The  variations  in  the  absorption  spectrum^ 
iifferences  in  conrent ration,  are  olearly  shown  in  the  lu-com- 
,._;;.:i^  illustration  from  liollett*  (Fig.  184);  the  tiiiekness  of  the 
dyer  of  liquid  is  supposed  to  be  one  rentimeter.  The  nurjil>ers 
on  ibe  right  indicate  the  percentage  stivngth  of  the  oxyhemoglobin 
iolutiuos.     It   ^\ill   be  noticed   that   the  absorption   which   takes 
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Tshleof  absorption  9p«ctra  {Zienkenrui  ^f&Urr):  1,  Ahsorptinn  spectrum 
:!i,  <iilut«-  M.Iuii..n;  J,  ub94>rptj(>n  »p«rtruni  of  rctluretl  hciiHiglobiti;  .J,  »l>- 
irn  of  niotlM^in<t(lnbin,  n«utnU  n  •lutiuri;  4,  utMurpliuii  ep«ctrum  of  met* 
^•.i4ii,  nikaliue  Kilution  ;  5,  abt»orption  sjwctruia  of  honiatiu,  «cia  KitutioD;  fl,  Bb- 
too  ki^ecirum  of  bematin,  klluUine  aolutton. 


place  as  the  concentration  of  the  solution  increases  affects  the 
wd-orange  end  of  the  spectrum  lust  of  all. 

•  Hermann 'h  "Flandbuch  der  Phyaiologie,"  vol.  iv.,  1880. 
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Solutions  of  reiiueed  homns^obin  examined  with  the  speclroecops 
show  only  onp  absorption  band,  known  stimetinifs  as  the  *';'-banii." 
This  hand  lies  also  in  the  portion  of  the  spectmm  inrhided  bctwan 
the  lines  D  and  E\  its  relations  to  Xheae  hues  and  the  bands  oj 
oxyhemoglobin  are  shown  in  Fig.  183.  The  /--band  is  much  more 
diffuse  than  the  oxyhemoglobin  bands,  and  its  limits,  therefore, 
especially  in  weak  solutions,  are  not  well  defined.  The  width  and 
distinctness  of  this  band  vary  also  with  the  concentration  (A  the 
solution.  This  variation  is  sufficiently  well  shown  in  the  artoBh 
panying  illustration  (Fig.  185),  which  is  a  companion  figtire  lo  the 
one  given  for  oxyhemoglobin  (Fig.  184).     It  will  be  noticeiJ  thil 

the  last  light  to  be  ab- 
sorbed in  this  case  i^ 
partly  in  the  red  end 
and  partly  in  the  bhift 
thus  explaining  theptff- 
plLsh  color  of  bemog;!^ 
bin  solutions  and  of 
venous  blood.  Oxy- 
hemoglobin soluti  0  Dl 
can  be  converted  to 
hem  oglobin  eolutiooi 
with  a  corrcspondinf 
change  in  the  spertram 
bands,  by  placing  t^ 
former  in  a  vacuun  or. 
more  conveniently, 
addixig  reducing  _ 
tions.  The  solutioo* 
most  commonly  used 
for  this  purpoae  arc  »n}- 
monium  sulphid  aini 
fc>lokes*s  reageDt.*  U 
a  solution  of  rctiucwl 
hemoglobin  is  sliakcn 
with  air.  it  qiiicUy 
changes  to  oxyhemo- 
plobin  and  gives  Xvc 
liands  instead  of  cm 
when  examined  by  the 
spectroscope.  Any  given  solution  may  be  changed  in  this  way  ftoo 
oxyhemoglobin  to  hemoglobin,  and  the  reverse,  a  great  number  of 

*  .Stokt'ti's  rtniffont  is  an  nmmoninonl  wOution  of  a  ferroiw  salt.  It  iiina' 
by  cliKs<jIving  '2  pnrls  (l)y  weight)  of  fcrrouH  Piilphat*?.  adding  3  nrU  fi  t*'' 
taric  acid,  and  thrn  aniinonia  to  diMinct  alkaline  reaction.  A  pennaW 
precipitate  should  not  be  obtained. 
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Fi^.  IIM. — Diaffrmin  to  show  the  yarutions  in  the 
AbMinttion  Bpectrum  of  oxyhcmodlnhin  with  vnryinit 
eofirftit rations  of  the  solution. —  (After  Roilttt.)  The 
numbers  to  the  riKht  cive  the  Ptronsth  of  the  oxy> 
hemoglobin  itolutinn  in  i>ercent«(re^:  the  lettere  irive 
the  poalions  of  the  Kmunliofcr  lines.  To  aMert&in 
the  amount  of  absnrntion  fnr  any  idven  coooeDtrmtion 
up  to  1  per  cent.,  draw  a  hoHiontol  line  acrow  the 
duRTam  at  the  level  correetNiiidiniE  to  tlie  roneentra- 
tion.  Wlbere  this  line  paweo  thmuich  the  shaded  part 
of  the  diacram  abeorptioo  takes  place,  and  the  wulth 
of  tha  abaorptioD  bands  is  seen  at  onoe.  The  tiiasnun 
ahowa  dearly  that  the  amount  of  abeorptiun  incnuuee 
as  the  H>lutiona  become  more  coucent rated.  e«pecially 
the  abflorptiun  of  the  blue  end  of  the  spectrum.  It 
will  be  noticed  that  with  concentrations  between  0.6 
and  0.7  per  cent,  the  two  bauds  between  D  and  E  fusa 
into  one. 
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,  thus  demonstrating  the  facility  with  which  hemoglobin  takes 
I  and  surrenders  oxygen. 
Solution:^  of  carlx)n  monoxid  hemoglobin  also  give  a  spec- 
urn  with  two  abe*orpti*»n  hands  plosely  resembling  in  posi- 
tion and  ttp|)earance  those  of  oxyhemoglobin.  They  are  dis- 
I  tifiguiabed  from  the 
jbesDOglobin  bands 
'by  being  slightly 
Dttrer  the  blue  end 
^of  tlic  spectrum,  aa 
may  be  demonstrated 
by  olwerving  the  wave 
tenths  or,  more  con- 
mieDtly,  by  super- 
poong  the  two  sj)ectra. 
Moreover,  solutions  of 
firt)on  monoxid  hem- 
oglobin are  not  re- 
duced to  hemoglobin 
bf  adding  Stokes's 
liquid,  two  bands  be- 
ins  still  ^^^^  after  such 
tztttment.  A  solu- 
tion of  carbon  mon- 
oxid hemoglobin  suit- 
able for  spectroscopic 
ttimination  may  be 
PRpored  easily  by 
pUBing  ordinary  coal- 
<w  through  a  dilute  ox>'hemngIobin  solution  for  a  few  minutes 
*fld  then  filtering. 

Derivative  Compounds  of  Hemoglobin.— There  are  a  number 

^  pigmentarv'  bodies  which  are  formed  directly  from  hemoglobin 

"y  decompositions  or  chemical  reactions  of  various  kinds.     Some 

^  theee  derivative  substances  occur  noniially  in  the  body.    The 

"^•1  known  are  as  follows*; 

JkfHhemoglohin. — When  blood  or  a  solution  of  oxyhemoglobin 
^  allowed  to  stand  for  a  long  time  exposed  to  the  air  it  undergoes 
* J^Hange  in  color,  taking  on  a  brownish  tint.  This  change  is  due  to 
***^  formation  of  methemoglohin,  ami  it  is  said  that  to  some  extent 
^^  transition  occurs  very  soon  after  the  blo(><l  la  exjKJsed  to  the  air, 
r**-*!  that,  therefore,  detemiinations  of  the  quantity  of  hemoglobin 
^y"    the  ordinary  colorimetric  methods  should  be  made  promptly  to 

_        •  For  more  rlotivilod  information  eonpprTiine  tho  ohomiHtry  ami  litfrature 
I       thi-Mp  comp4)uni1fi,  «•<■  HjunrniirKti'iu  "I'hysioToninU  C'luMiUHtn,-,"  tranaluted 
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Flic-  IS^'>- — Dugmm  to  sbow  tbe  variations  in  the  ab- 
aorpCion  spectrum  ot  reduced  beroo((l>>bin  with  van- 
injE  coneentnMions  of  Ihe  solution  (after  RoUftt).  The 
numlwra  to  thp  npht  aive  the  strength  of  the  henio- 
glnbin  »olutii>n  in  [jercptitajfefl;  tbe  ]elt«Ri  Rivo  the  pool- 
tiona  of  the  Fraunhofer  unes.  For  further  dtrertiona 
as  to  the  iu«  of  the  dia^^nun,  eee  the  dewriptioa  of  FLg* 
1S4. 
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avoid  a  dpterioration  in  color  value.  Methemoglobin  may  be 
obtained  rapidly  by  the  action  of  various  reagents  on  the  blood, 
Bome  of  them  oxidizing  substances,  Euch  as  permanganate  of  poUsh 
or  ferricyanitl  of  potash,  some  of  them  reducing  substances.  Id- 
dee<l,  it  is  known  that  the  change  may  occur  within  the  blood-vessels 
by  the  action  of  such  bodies  as  the  nitrites,  antifebrin,  acetanilid, 
etc.  According  to  most  obse^^'ers  methemoglobin  contains  the 
same  amount  of  oxj'gen  as  hemoglobin;  it  is  combined  differenth', 
however,  forming  a  more  stable  compound,  which  can  not  be  dis- 
sociated by  the  action  of  a  vacuum.  On  this  account,  therefore, 
methemoglobin  is  not  capable  of  acting  as  a  respiratort'  pigment, 
and  to  the  extent  that  it  is  formed  in  the  blood  this  tissue  suffers  a 
loss  of  its  functional  value  as  a  carrier  of  oxygen.  By  the  stronjref 
action  of  reducing  solutions-- such  as  ammonium  sulphJd— tiie 
oxygen  may  be  removed  fnnn  the  methemoglobin  and  re<iuMd 
hemoglobin  be  obtained.  Methemoglobin  crj'staUizes  in  needles, 
and  its  solutions  give  an  al>sorption  sfiectnmi  wliich  varie«  «■ 
cording  as  the  solution  is  neutral  or  has  an  alkaline  reaction,  b 
neutral  sohitions  the  characteristic  hantl  is  one  in  the  orauge.  tf 
indicat4?d  in  Fig.  183.  In  alkaline  solution  the  absorption  spcctnim 
has  three  hands,  two  of  which  are  nearly  identical  with  thoee  ol 
oxyhemoglobin. 

Ilemottri  (r.-nHaaNiFeOs)  is  obtained  when  hemoglobin  B^ 
decomposed  by  the  aedon  of  iicid^s  or  alkalies  in  the  preseoi 
oxygen.  It  may  occur  in  the  feces  if  the  diet  contains  bcmogi 
or  hematiu,  or  in  ca.^  of  hemorrhage  in  the  stomach  or  small  inlefr 
tine.  !*incc"  luith  tlie  pancrciitic  unti  the  gastric  secretion  liivak 
hemoglobin,  with  the  formation  of  hemalin.  It  is  an  anioriil 
substance,  of  a  dark-brown  color,  easily  soluble  in  alkalies  or  in 
acid  alcoholic  solutions.  These  solutions  give  a  chanirtcrirtic 
absorption  spectrum  which  is  re()resonted  in  Fig,  183.  IT* 
chemical  structure  of  henuitin  has  not  been  established  sa^I^'f]l^ 
torily,  but  it  is  probable  that  the  molecule  contains  four  fntrul 

groups: 

CH  =  CHv 

CH  =  CH^ 

Two  of  the  amino-acid  derivatives  of  proteins,  tryptoplian  wi 
pri4in  (see  p.  71)5),  contain  this  same  grouping,  and  it  is  ptwable. 
therefore,  that  these  aminf>-acids  may  serve  as  material  from  whioh 
the  body  constructs  its  hematin. 

llvmin  (CjsHgaO^NiFeC'l)  is  a  dt^ivative  of  henuitin.  obtjiinrf 
by  the  action  of  hydrochloric  aciti  or  chlorids,  in  which  an  hy- 
droxy! group  is  replaced  by  chlorin.  The  compound  b  oblwnwl 
in  the  form  of  crystals,  which  under  the  microscope  appear  usually 
as  small,  rliombii-  plates  of  a  dark-bmwn  color.     These  cr^'stJib 
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ly  be  obtained  from  small  quantities  of  blooti  stains,  etc.»  no 
llrr  how  old,  and  they  have  l>eon  relied  upon,  therefore,  as  a 
andea.sy  tes^t  for  the  exislenct'  of  lilood,  -that  is,  Imnioglobin. 
t<>st  is  one  that  ha,^  l>een  much  used  in  fTUHJit^oleKal  cases,  and 
ly  be  carried  out  as  follows:  A  bit  of  tlned  blocKl  is  powden'd  with 
ifpw  cri'staJs  of  NaCl.     Some  of  the  powder  is  placed  upon  a  glajiis 
!    ind  coven'd  with  a  cover-.sjip.     By  means  of  a  pipette  a  tlrop 
"  Mif  tlaeial  act'tir  aeitl  is  run  under  theshp,  and  tfien  by  ilraw- 
mjE  the  ^ilide  repeatedly  through  a  flame  the  acid  is  evaporated  to 
d;)'m>tf,  taking  care  not  to  heat  the  acid  so  high  as  to  eause  it  to 
hoil.   After  the  evaporation  of  the  acid  water  lA  run  under  the  slip 
mil  thi»  specimen  is  ready  for  examination  with  the  microscope, 
Hrmochronwgen  is  obtained  when  hemoglobin  is  decomposed 
byarid^  or  alkalies  in  the  absence  of  free  oxygen.     By  oxidation 
'  ■     (mverted  to  hematin.     Hemoehrom<>gcn  is  cr\'ytalline,  and 
L  characteristic  absorption  s[)cctrum. 
Ihmatoporphyrin  (CxiHasNiOft)  differs  from  tlu*  preceding  deriv- 
aiives  of  hemoglobin  in  that  it  contains  no  iron.     It  may  Ik*  ob- 
tained from  hematin  by  the  action  of  strong  acids,  and  is  of  much 
phvMdlof^cal  interest  because  of  its  relutionship  to  the  liile  pig- 
nwnts,  which,  like  it,  are  iron-free  derivatives  of  (he  hemojilobin. 
Inold  bl(Xxl-<'lots  or  extra vasnt ions  it  has  long  been  kn4>wn  that  a 
rolon*<l  cr>'stalline  product  may  l>e  formed.     This  proiluet  was 
dft«i(mated  as  hematoldin  by  Virchow  antl  later  was  stated,  «»n  the 
one  hand,  to  \yc  identical  with  tlie  bile  pigment.  IViIirubin,  ami,  (»n 
the  «>thcr  hand,  to  Ix^  isomeric  with  hemHto|>orphyrin.     It  is  also 
of  interest  to  recall  that  the  greeti  coloring  matter  of  the  plants, 
diiorophyl,  appears  to  contain  pyrrol  groupings,  and  some  of  its 
•nvalives  show  close  rehitionship  to  <Ierivalives  of  the  hematin. 
Hieiohanaiins. — This  name  is  a  general  term  that  htus  been  given 
^  the  coloring  matter  found  in  the  tissues,  so  far  as  it   hjis  the 
/^'^pertv  of  taking  up  oxA'gen.     The  red  coloring  matter  in  some 
"'t'scles  is  an  example  of  such  a  compound  and  hiis  l^en  designated 
^jP^ifically  as  myohematin.     According  to  mtjst  observers,  myo- 
^'^^tin  is  identical  with  hemoglobin, — tliat  is,  the  muscle  substance 
.  '^tjuns  some  hemoglobin^ — and  we  may  supptise  that  its  presence 
t-lie  tissue  furnishes  a  further  means  for  the  transportation  of 
r^^n  to  the  muscle  protoplasm. 

'  -fiUe  PigmenU  and  Urinarrj  PigmenU. — These  pigments  are 
^^Tretl  to  in  the  description  of  the  composition  of  bile  and  urine. 
*  "^his  connection  the  fact  may  be  emphasized  that  each  of  them  is 
^^■pose^l  to  be  derived  from  hemoglobin,  and  each  constitutes,  so 
^peak,  a  form  of  excretion  of  henioglohin. 
Origin  and  Fate  of  the  Red  Corpuscles. — ^The  mammalian  n-d 
^'^^uscle  is  a  cell  that  lias  lost  its  nucleus.  It  is  not  probable,  there- 
^"^^.that  any  given  corpuscle  lives  for  a  great  while  in  the  circulation. 
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This  is  made  more  certain  by  the  fact  that  hemofjlohin  is  tlie 
mother  substance  from  which  the  bile  pigments  are  made,  and,« 
these  pigments  arc  being  exc-retcd  continually,  it  Ls  fair  U\  suppo* 
that  red  corpuscles  are  as  steadily  undergoing  disintegration  in  the 
blood-stream. 

The  number  of  red  corpiwcles  destroyed  daily  in  the  body  has  nevw  htn 

dptprniiiied  with  any  ncpuracy,  but  it  may  be  quite  large,  oa  would  ftp|«ir 
from  the  folloivinK  approxiinutt*  oulculatioii  biiso<l  upon  our  inconplrU 
knovvleiige  of  the  ^iniount  of  bili^pigiiit'nt  M-crel-ed  daily.  From  obscTVfttioitt 
made  uixm  case?*  of  biliary  fistiiluH  in  man  it  ia  estimated  thai  the  daily  flor 
of  bile  amounts  to  nbout  15  gms.  per  kilogram  of  body  weight.  If  we  msuiw 
in  accordiUK'f  with  the  fig:urcH  givpu  by  some  authors  that  the  bile  cuntoitf 
a-s  miidi  as  li.2  per  cent,  of  piia»ient,  then  1,95  Kins,  of  pigment  will  \v  iecMtA 
per  day  (t>5  Xl5X.(W12).  Thif*  piginent  is  formnl  from  approxiniHtA  \\0 
same  wei}cht  of  hoiiiatin  and  for  its  formation  wouM  require  the  di'slnirlwa  ' 
of  48  Ki"^-  ^f  hemriglobin.  sinee  hematia  forms  4  per  ami.  of  the  molcrulcif  ' 
hemoglobin  (1.05-^.(14  =4>i).  AI^Mlerhiddrn  ii.ivcH  a  mueh  mnn*  tiMKl^riii' ' 
estimate  on  th**  assumption  that  the  duilv  excretion  of  pif^meat  m  IJjC  Wr 
amounl.s  only  to  0.5  gm.  This  amount  of  ]>ignient  would  be  obtained  froax  124i 
grns.  of  licmo^lohin.  In  order  to  furnish  even  ils  mueh  a.s  12.5  gnu.  ofboiK^ 
globin,  it  i.s  rviih-nt  that  an  cnormouH  numbrrr  of  red  corpuscles,  appronm*ul;r 
4'A<H**l'«XJ.0(»,  would  have  to  be  destroywi  daily. 

.lust  when  and  how  the  corpusclCvS  go  to  pieces  is  not  definil4»ly 
known.  It  has  l>een  augRcsted  that  their  destruction  takes  plat 
in  the  spleen  or  lymph-glands  l^r  in  the  liver.  Certain  large  cdfc 
(niacropluigsl  have  l)een  dcscrilH'd  in  the  s])leen  which,  at  tiaw^ 
contain  red  b!ooil-<'orpuscles  or  fragments  of  them  in  their  cyto- 
plasm. In  the  l)ird  and  some  other  animals  Kyes*  has  been  »hte 
to  demonstrate  that  the  so-called  Kupffer  cells  of  the  liver  actuallT 
ingest  red  corfmscles,  and  subsequently  <ligest  them  so  as  to  liber- 
ate the  iron  of  the  hemoglobin  in  a  fonn  that  can  tx*  det*vted  Irt' 
microehemical  reactions.  These  Kupffcr  cells  are  m(xlifie<i  of 
specialized  endothelial  cells  of  the  venous  capillaries  of  the  livpr, 
and  the  rells  in  the  spleen  which  have  the  same  property  seem  to  1* 
of  the  same  type.  Kyes  projwjses  for  them  the  name  hemopha^- 
The  liirge  numlnT  of  thesi^  trells  present  in  the  liver,  and  their  acln»n 
in  flestroying  the  red  corpuscles  and  libenxting  the  iron  falLs  ifi 
with  the  known  function  of  the  liver  in  producing  an  irun-fw 
bile-pigment  fr<im  the  hematin.  Whether  or  not  all  red  coriv 
meet  their  fate  in  this  way  cannot  l>e  determined  at  prt*st»nl. 
wouhl  seem  probable  that  some  undergo  hemolysis  while  in 
blood-stream,  but  the  facts  given  alx)ve  are  the  most  defiuiteio- 
formiition  obtained  u{M)n  this  interesting  question.  The  poo- 
timial  destruction  of  red  eorpuseles  implies,  of  course,  a  <*t)ntinial 
form.nti(>n  of  new  ones.  It  has  b<vn  shown  satisfactorily  thai  tfl 
the  adult  the  organ  for  the  production  of  red  corpuscles  b  th»j 
red  marrow  of  bones.  In  this  tissue  hcmatopoiesi-'f,  as  the  pi 
of  formation  of  red  ei^rpuscles  is  termed,  goes  on  continual!; 
process  l>eing  much  increased  after  hemorrhages  and  in 

*  Kyett,  "luternationalen  MonataschriTt  f.  Anat.  u.  Physiol.,"  31,  5IIJ.  Wli 


inthel 


GEKERAL    PROPERTIES:    THE   CORPTJSCIiEft. 


439 


patholopical  conditions.  The  details  of  the  histological  elianges 
will  be  found  in  the  text-booka  of  histology.  It  is  ^^uffic■ient  here 
to  state  simply  that  gruupr*  of  nucleated,  colorless  cells,  er>'thro- 
b!a5to,  are  found  in  the  reil  marrow.  These  cells  multiply  by 
karx'okinesis  and  the  daughter-cells  eventually  produce  hemo- 
globin in  their  eytopiasm,  thus  forming  nucleated  red  corpuscles. 
The  nuclei  are  subsequently  lost,  either  by  disintegration  or  by 
exiruiiion,  and  the  newly  formed  non-nucleated  retl  corpuscles 
(erythrocytes)  are  forced  into  the  blood-stream,  o\vin<r  to  a  gradual 
change  in  their  position  during  development  caused  by  the  growing 
hematopoietic  tissue.  When  the  process  is  greatly  accelerated,  as 
after  severe  hemorrhages  or  in  certain  pathological  conditions, 
red  corpuscles  still  retuiuing  their  nuclei  (normoblasts)  may  be 
found  in  the  circulating  blood,  having  Iw^en  forced  out  prematurely. 
Such  corpuscles  may  subsequently  lose  their  nuclei  while  in  the 
blood-stream.  In  the  embr\'o,  hematopoietic  tissue  is  found  in 
puts  of  the  bo<ly  other  than  the  marrow,  notably  in  the  liver  and 
spleen,  which  at  that  time  serve  as  organs  for  the  production  of 
Mff  red  corpuscles.  In  the  l)Iood  of  the  young  embryo  nucleated 
mi  corpuscles  are  at  first  abundant,  but  they  l>ecome  less  numerous 
«  Uie  fetus  grows  older.*  It  is  interesting  to  note  that  in  the 
idult  after  severe  anemias — *■.  7..  pernicious  anemia — and  in  rabbits 
tfter  the  injection  of  saponin  the  spleen  may  again  take  on  its 
hematopoietic  function.  The  venous  sinuses  become  crowded  with 
<*fib  of  the   marrow   tj^^e-t 

Variations  in  the  Number  of  Red  Corpuscles. — The  average 
number  of  red  corpuscles  for  the  adult  male,  as  has  been  stated 
llready,  is  usually  given  as  5,(W0,OtK)  per  c.mm.  The  number 
i»  found  to  vary  greatly,  however.  Outside  pathological  con- 
ditions, in  which  the  diminution  in  number  may  l^e  extreme,  ilif- 
fercnces  have  l^een  observed  in  human  beings  under  such  conditions 
w  the  following :  Thenumber  is  less  in  females  (4,500,000);  it  varies 
in  individuals  with  tl»e  constitution,  nutrition,  and  manner  of  life; 
H  varies  with  age.  l>eing  greatest  in  the  fetus  and  in  the  new-horn 
child:  it  varies  with  the  time  of  the  day,  showing  a  distinct  diminu- 
tion after  meals;  in  the  female  it  varies  somewhat  in  menstruation 
Md  in  pregnancy,  l>eing  slightly  increased  in  the  former  and  di- 
she<i  in  the  latter  condition. 

Tarujtion  with  Altitude. — Perhaps  the  most  interesting  of  the 
Btions  that  may  influence  the  number  of  the  blood  corpuscles 
change  in  altitude.  Attention  was  first  directed  to  this  point 
tet.t  who  believed  that  the  diminished  supply  of  oxygen  in  high 

*Howp!I,  "Life  History  of  tlip  Hlood  Corpuscles,"  etc.,  *'JouniJil  of 
holo(5>'."  1890,  vol.  iv. ;  BxintiiiK,  "Univ.  of  Pennsylvania  M*nlirul 
fin."  1905.  x\i.,200. 

fSev  Bunting.  **The  Jnurmil  of  Kxpcriniental  Medicine,"  1906,  \-iii.,  625. 
[BcTl.  "La  preaeion  barodmtriqae,"  1878,  p.  U08. 
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altitudes  may  he  compensated  by  an  increased  araount  of  bemo- 
glohiu,  and  subsequently  Vi:iult*  demonstrated  that  living  fom 
short  time  at  ver>'  high  altitudes  (4000  meters)  causers  a  marked  in- 
crease in  the  numljer  of  red  eorpuseles, — an  increiuse,  for  ir.  ' 
from  5.0n().()0()  per  c.mm.  to  7.000,000  or  even  S.OOO.OOO.  !'■ 
has  since  been  investigated  with  great  care  by  a  large  ntimher  o( 
observers  and  under  a  great  variety  of  conditions.  The  obser>'atioii 
has  been  abundantly  confirmed^  and  indeed  it  would  seem  tliat  the 
reaction  takes  place  ver>'  quickly.  Within  twenty-four  houn, 
according  to  some  ol^servers,  and  in  less  time,  according  to  olhen 
who  have  exj^rimented  during  ba]kK>n  ascensions  (Gaule,  HalUoo, 
ana  Tissot).  the  increase  in  the  number  of  corpuscles  may  be  d^ 
tected.  although  the  maximum  increase  comes  on  more  gradually. 
According  to  Kcmpyf  the  number  of  blood  plates  is  also  preath 
increased  by  high  altitui^les,  while  the  leucocytes  are  not  affected 
There  has,  however,  been  much  difference  of  opinion  as  to  whether 
this  increase  in  numlier  of  the  red  corpusc^les  is  relative  or  absniutt. 
— that  Ls,  whether  the  total  number  of  red  corpuscles  in  the  blood, 
and  therefore  probably  the  total  amount  of  hemoglobin,  is  incre&sed. 
or  whether  it  is  simply  an  apparent  increase  due,  for  instance,  lo» 
diminution  in  the  water  of  the  blood  and  a  consequent  concentration 
as  regards  the  numl>er  of  corpuscles,  or  to  a  variation  in  the  distri- 
butioii  of  the  corpuscles  between  the  vcissels  of  the  skin  and  ilio« 
of  the  intenuil  organs.  The  n^ults  published  upon  thea^  qiies-tkiw 
have  been  conflicting.  Acconling  to  one  set  of  observers  tlipfv  is 
an  absolute  increase  in  the  total  nimiber  of  reti  corpuscif-*.  and 
therefore  in  the  total  nmoimt  of  hemoglobin.  There  seems  to  be 
little  doubt  that  such  :t  change  occurs  in  cases  of  long  refiidence 
in  high  altitudes,  ;ind  we  may  assume  that  the  diminished  amount 
of  oxygen  in  the  air  or  some  otlier  condition  peculiar  to  Ihtf* 
altitudes  acts  as  a  stimulus  to  tlie  blood-forming  tissues  (red  ^u^ 
row  I  and  augments  the  output  of  coipuscles  and  hemnfjloliin. 
The  increase  in  num!>er  of  corpuscles  and  percentage  of  honw 
clobin  occurs  slowly  uiion  changing  from  a  low  to  a  high  altitude, 
and  their  inverse  change  upon  returning  to  a  low  altilmlc  al«> 
occurs  pratlually.  An  illustration  of  the  relationship  IjctwrtH 
altitude  and  amount  of  hemoglobin  is  given  in  Fig.  185/1.  A^ 
eordinp;  to  another  set  of  abs(^r\'ers,  the  increase*  in  the  number 
of  red  corpuscles  is  due  to  a  concentration  of  the  blood.  The 
blood-phusma  is  reduced  in  quantity,  perhaps  by  transudi* 
tion  of  water  into  the  tissues,  and,  therefore,  the  number  of  ltd 
corpuscles  and  the  amount  of  henu»globin  become  greater  for  each 
cubic  millimeter.  If  we  assume  tluit  this  smaller  bulk  of  blood, 
more    concentrated    in    corpuscles    and    hemoglobin,    cirrulatw 

•  Viault,  *'Coinpt(^  renduH  dc  riinul^inip  des  «rii'nr*s,"  I.S90  and  1891; 
t  Kemp,  "Auit-'ricuJi  Journal  of  Phyaiology,"  10,  'M.^  1904. 
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^F  iBore  rapidly,    then  also   the  oxygen-carrving  capacity   of   the          ^^H 
H    Wowl  is  increased.     In  favor  of  this  view,  Abderhalden,  for  in-          ^^H 
^K    ataDOBf  has  claimed  that  if  animal^;  of  the  same  species  and  8anie          ^^^| 
^LfiUa*  are  bled  to  death  and  the  total  quantity  of  hemoglobin          ^^H 
^^■iMtunated,  the  average  figures  obtained  for  the  animals  at  low          ^^H 
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fore,  that  high  altituflos  cause  eventually  a  marked  increase  in 
the  production  of  red  corpuscles,  but  the  ver>'  sudden  chiinjM 
of  tliis  kiiui  reported  by  .some  liuthors  a.s  happening  within  a  fei 
hours  must  he  considered  as  apparent  rather  than  real,  and  are 
to  he  explained  by  sonic  change  in  the  water  contents  or  in  tb« 
distribution  of  the  bloocL* 

Physiology  of  the  Blood  Leucocytes. — The  function  of  ihi 
bliiini  leucocyte«  hus  [)eeri  the  subject  of  numerous  investigation 
particularly  in  foanection  with  the  pathoIogA'  of  blood  difiet» 
Although  mauy  hypotheses  have  been  made  as  the  reeult  of  tbv 
work,  it  cannot  be  said  that  we  possess  much  positive  inf omialioQ tt 
to  the  normal  function  of  these  cells  in  the  body.  It  must  be  boiM 
in  mind,  in  the  fii*st  place,  that  the  blood  leucocytes  are  not  illtte 
same  liistoloKicallyT  and  it  may  be  tliat  their  functions  are  aa  divene 
as  their  nlo^pholog)^  Various  classifications  have  been  nuA 
based  upon  one  or  another  iliflference  in  microscopical  structure  lai 
reaction,  but  at  present  the  terminology  most  used  in  medkll 
literature  is  that  adopted  by  Ehrlich.t  According  to  this  nocoa- 
clature,  the  white  corpuscles  fall  into  two  main  p-oups.—the 
l>7nphoc>^es  and  the  leucocytes, — and  each  of  these  into  two  of 
more  subgroups.     Thus: 

I.  LrMFHOcrrESfi.  No  granules  in  the  cell  subst&nce,  and*  though  cap«bl»cl 
ameboid  changes  nf  fomi.  this  property  is  not  characteristic  and  pn^ 
ably  not  sufficient  to  cause  locomotioi*. 

(a)  Small  lymphocyiea  are  at>out  the  size  of  the  red  oorpuacles;  ihen^ 
cluus  is  Lar^e»  aymmctrically  placed,  stains  homojeeneouatv,  umI  tb 
cytopla.sni  la  reducei]  to  n  very  small  amount.  TtMy  form  fronJI 
to  25  per  cent,  of  all  the  white  corpuscles. 

(&)  Largt  h/mphoryUs.  Two  to  throe  times  as  lai^e  at  the  piuniJBI 
Nucleus  somewhat  eccentric;  the  cytoplasm  ia  relatively  wM 
abundant  than  in  a,  but  non-granular.  These  forms  exist  ociIt  ia 
small  nunilxTs,  fonninp  1  per  cent,  or  less  of  the  white  corpuKl* 
11.  LiucorYTES.  Graiiulft*  of  different  sorts  found  in  the  cytoplasm.  Crib 
characteristically  ameboid. 

(a)  Transition  farms  {unin\ic\i'}iT  leucocytes).  Siofcle  larvT Qucleui, aofv 
or  le£H  lohulated;  cytoplasm  abundant  and  faintly  grftOulat«>d.  1^ 
granules  atain  with  neutral  dyes  and  are  therefore  desifcnatal  » 
neutrophile  granules.  The  name,  transition  form.  iiupli«s  that  ihi* 
leucoi'vieft  n^present  an  intermediate  stage  !>etween  the  tar^Bie  lyinph'^ 
cytfH  and  the  followinp  variety,  but  thit*  belief  is  vi^foroosly  drti^d 
by  many  rompetent  lirmatoIoKistw.  This  form  e^ist*  in  snail 
numlMTs — 2  lo  10  j)er  cent,  of  the  total  number  of  white  corptuid^ 

(6)  Polynuclear  or  polymorphonuclear  lexicoryte*.  The  nucleus  Is  ^ 
mented  into  lobes  connected  by  nam:»w  strands.  Th«  cytofJb* 
is  especially  ameboid  and  is  granular.  The  fn^nules  in  nkncl  (■■ 
are  neutrophilic  and  small  in  size.  The  typical  cells  of  thta  ™ 
form  the  bulk  of  the  whit€  corpuscles  of  the  blood, — 00  to  75  p* 

•  P'or  the  extensive  literature  see  Van  Voomveld.  "Das  Blut  ini  Ho*^ 
gebirge/'  "PfiUgerH  Arehi\%"  92.  1,  1902;  Zunti  et  al.,  "HdhenklimA  o^ 
BerKWiinderunnen  in  ihrer  VVirkung  uuf  den  Menj*rhen,"  1906.  DonglMtflif 
"Philixsfiphical  TraasnetioaH.  Royal  Society  of  Loudon,"  B.  \x>l.  203,p.lS8vlA 

t  Ehrlich,  "Die  Anaetnio,"  1898;  see  also  Seenuuin,  "KrgebnuM  HlT 
Physiologie/'  3,  part  i,  1904. 
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CCOt.  EofinfiphUic  kuattyUs  form  x\  sdhj^rnuji  of  this>  varioty.  They 
httv«  a  similar  segmental!  nucleus,  hut  the  cytoplasm  contains  nu- 
nusQUB  oottrae  granules  that  st-ain  in  acid  dye^i,  isuch  &s  eoHin,  whence 
the  name. 

(c)  MaM  relh.  These  peculiar  cells  exist  in  very  small  rnimliprs  under 
iiomial  conditions,— loss  than  1  per  cent,  of  the  total  nunilxT  of 
white  oorpUMles.  Tliey  have  a  polymorphic  nucleua  like  the  pre- 
mding  group,  but  differ  in  the  fact  that  the  granules  in  the  cyto- 
pUsm  are  strongly  btuophilici — that  is,  will  stain  only  with  basic 
djea,  such  as  thio'niu. 

Ctutent  opinions  var>'  greatly  in  regard  to  the  oripn  and 
fflations  of  these  different  forms  of  white  blood-oorpuscles,  almost 
piTfy  writer  pro|K>sing  some  special  hypothesis  to  indicate  his 
■  liar  point  of  view.*  In  general,  however,  it  may  he  said 
lie  divergent  liews  fall  under  twu  heaib.  First*  the  so- 
ffliied  (lualLttic  theon%  according  to  which  there  are  two  sources 
nf  origin  for  these  cells,  namely,  the  It/mphoblasts  of  the  l\Tiiph 
II m!.-  whii'h  give  rise  U^  the  small  l>inpiioe\ies  and  the  myeloblasts 
orfthe  lK>ne-marrow,  which  give  rise  to  the  gnmuhir  leucix-ytes  of 
the  blooil  and  probably  tilso  serve  as  the  j^arent  form  for  the  large 
BionoDUclear  leucoc>i.es  and  transitional  forms.  Second,  the 
tmitarian  or  monophyletir  theory,  acconHng  t{»  which  all  the  white 
ltUxi-<*orpuscles  arise  from  a  single  form  or  variety  of  pnn^nt  cells 
that  ba£  the  characteristics  of  a  large  or  small  lj7n])hoeyte. 
Most  authors  perhaps  believe  that  the  various  forms  as  they  exist 
in  the  blood  are  from  an  anatomical  standpoint  permanently 
differentiated.  Such  a  view  implies,  on  the  physiological  sitle,  that 
earh  fomi  has  some  special  functional  activity  of  its  own.  Little 
or  no  progress  has  been  made,  however,  in  discovering  the  specific 
pJivsiologj'  of  the  various  leucocytes. 

Variations  in  ITumber. — Under  normal  con<litions  the  total 
ftuiiilxT  of  leucocytes  may  show  considerable  variation:  the  aver- 
•^  imml»er  in  health  varies  ustially  lietweeu  5tKK)  and  7OO0 
J*r  cubic  millimeter.  A  distinct  increase  in  nunil>er  is  designated 
•«a condition  of  leucoajiosiSj  a  markerl  diminution  as  a  condition  of 
'"'copentfl.  I^ueocytoais  occurs  under  various  normal  conditions, 
'h  as  digestion,  exercise  or  cold  baths,  pregnancy,  etc.  The 
iions,  relative  or  absolute,  under  pathological  conditions,  have 
^D  studied  with  exhaustive  care  as  an  aid  to  diagnosis  and  classi- 
fifalion. 

Functions  of  the  Leucocytes. — Perhaps  the  most  striking 
|ro[)erty  of  the  leucocytes  as  a  class  is  their  power  of  making 
teeboid  movements, — a  characteristic  which  has  gained  for  them 
the  sobriquet  of  "wandering"  cells.  By  virtue  of  this  property 
iome  of  them  are  able  to  migrate  through  the  walls  of  blood  capil- 
liries  into  the  surrounding  tissues.    This  process  of  migration  takes 

•  9ee  Weidenreich  for  summary,  *'  ErRcbnisse  der  Anatomic  und  Ent wickel- 
hichle."  vol.  19,  part  n  (1909),  19U. 
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place  noniially,  but  is  vastly  accelenited  under  patholopcal  am* 
ditiouy.  As  tu  the  function  or  functions  fulfilled  by  the  leucocytes 
nuinermia  suggestions  have  l>ecn  made,  some  of  which  may  be 
stated  in  brief  form  as  follows:  (1)  They  protect  the  bodv  from 
pathogenic  bacteria  and  other  foreign  cells  or  organistas.  In 
explanation  of  this  action  it  lias  Ijeen  suggested  that  they  mar 
either  ingest  bacteria,  and  thus  destroy  thena  directly,  or  ibcj* 
may  form  certain  substances,  bacteriolysins,  that  destroy  the 
bacteria.  The  wonderful  protective  adaptation  of  the  body  des- 
ignated by  the  term  "biological  reaction"  has  alre^idy  l^een  referml 
to  (p.  424).  The  formation  of  immune  substances  in  the  blood  i* 
attributed,  in  part  at  lea^^t,  to  the  leucocytes.  Leucocytes  thil 
act  by  ingesting  the  bacteria  are  spoken  of  as  "phagocytes "(fA^'W', 
to  eat;  ictJror,  cell).  This  theory  of  their  function  xs  m 
designated  as  the  "  phagoc}^osis  theory'  of  Metchnikoff";  it 
founded  upon  the  fact  that  the  amelx>id  leucocytes  are  kno^^n  to 
ingest  foreign  particles,  inchulintr  bacteria,  with  which  they  roow 
in  contact.  The  leucocytes  which  seem  especially  a<iapt^  Ui^ 
attack  bacteria  are  tlie  fiulyim^rphonuclear  variety,  designi 
by  Metchnikoff  as  niicrophags.  This  power  of  the  leucoc^t^' 
ingest  bacteria  depends,  according  to  Wright,  upon  the  preset* 
in  the  plasma  of  <M'r1:iin  substances  designated  a^s  opmnitis  (fn«n 
opso'no,  I  pre]>are  fooil  ft>rK  which  sensitize  or  in  some  way  prepar? 
the  bacteria  so  that  they  are  attacked  liy  the  leucocytes.  Thftf 
opsonins,  Hke  the  c^v'totoxins,  belong  to  the  group  of  antibodies, 
and  may  be  called  into  existence  or  increjised  in  amount  by  tbf 
inje(»tion  int<>  the  hotly  of  suitable  bacteria  or  their  produt 
(2)  They  aid  in  tlie  absorption  of  fats  from  the  intestine.  i'3) 
aid  in  the  absorption  of  peptones  from  the  intestlTie.  (4 )  They  tab 
l>art  in  the  process  of  blood  cotigulation.  (5)  They  help  to  main- 
tain the  normal  composition  of  the  blmni-plasma  in  proteins.  The 
blood  proteins  are  peculiar,  and  they  are  not  formed  directly  frooi 
the  digeste*!  fofKl.  It  is  possible  that  the  lencoeji-os,  which  w 
the  only  tyjucal  cells  in  the  blood,  aid  in  keeping  up  the  nonwl 
supply  of  proteins.  From  this  standpoint  they  might  l>e  r* .  "^  ' 
in  fact  as  unicellular  glands,  thf  products  of  their  mci 
serving  to  maintain  thi-  normal  composition  of  the  bloo*H'i- 
The  furmation  of  granules  within  the  substance  of  the  eo«.iii»s''  ~ 
offers  a  suggestive  analogy  to  the  accumtdation  of  ?>:  : ' 
granules  in  glandular  cells. 

Physiology  of  the  Blood  Plates.— The  blood  plates  arr  ^ 
shapwl  l>odies  which  appear  ixs  short  nxls  or  as  circular  or  elliptic 
plates,  according  as  they  are  seen  on  edge  or  on  the  flat  fa^ 
They  vary  in  dianiet<»r  on  the  flat  face,  but  are  in  all  cases  much 

•  For  a  brief  gonerol  discuasiun  of  opeoiiine,  ate  Hekto^n,  "Scwof*." 
Feb.  12,  1909. 
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er  than  the  red  corpuscles.    When  removed  from  the  circu- 

blood  they  are  known  to  disintegrate  very  rapidly.     This 

rity,  in  fact,  prevented  them  from  being  discovered  for  a  long 

» after  the  blood  had  been  studied  microscopically.     It  has  been 

"  '\i  they  ^re  formed  elements,  and  not  simply  precipitates 

'   pla*;ma,  aa  was  suggested  at  one  time.     The  theory  of 

Haypm,  their  real  discoverer,  that  they  develop  into  red  corpuscles 

r  nay  al?o  l>e  considered  as  erroneous.     There  is  considerable  evi- 

I  dmce  to  show  that  in  shed  bloorl  they  take  part  in  the  process  of 

foagulation.     The  nature  of  this  evidence  will  Ije  described  later. 

On  account  of  their  small  size  the  structure  of  tiie  blood  plates 

b  DOt  satisfactorily  known.     Deetjen*  has  deniunstrated  that  they 

lit  capable  of  ameboid  movements.     When  removed  from  the 

blood-vessels  to  a  glass  .slide  they  usually  agglutinate  into  larger 

orffn&Uer  masses,  swell,  an*l  disintegrate,  but  if  received  u]K)n  a 

wrface  of  agar-agar  wliich  has  been  made  up  with  physiological 

siline,  together  with  some  sodium  metaphosphate  (NaPOj),  they 

fiftUrn  out,  show  a  central  grantdjir  portion  :ind  a  j)eri]>henil  clear 

kyer,  and  may  miike  quite  active  anielioid  movements.     Deetjen 

daims  also  that   they   possess   a   distinct    rnirleus.     This   latter 

^iement  is  perhaps  doubtful,  as  other  observers  report  that  the 

lOttifrial  which  stains  like  a  nucleus  is  present  as  separate  granules 

in  the  interior  of  the  plate.     These  granules,  tliough  jxtssilily  of 

nudear  material,  do  not  have  the  morphological  appeiinmce  of  a 

'■^II  nucleus.     It  remains,  therefore,  uncertain  whether  the  l)lood 

plates  are  to  be  considered  as  independent  fells  or  as  fragments 

oCcdlg.    The  origin  or  histogenesis  of  the  plates  lias  been  studied 

hy  many  observers.     Numerous  hyp*>theses  have  been  suggested; 

*hat  they  originate  from  \hv  nuclei  of  thr  polymielear  leucocytes; 

t^t  liiey  are  extruded  remnants  of  the  nuclei  of  the  young  red 

hfood-corpuscles ;   that  they  are  detacher!  pieces  of  the  cj^oplasm 

"f  (he  pant  cells  (megakaryoc>'tes)  of  the  bonfMuarrow,  etc.,  but 

^  One  of  the  hxpotheses  proposed  has  found  general  acceptance. 

***  origin,  fate  and  function  of  these  interesting!;  bodies  are  still 

^*P^tX  queittions  in  spite  of  the  great  amount  of  investigation  de- 

J^ot€*«j  xo  the  subject.     The  normal  number  of  the  plates  in  the 

^T^Vllating  blood  is  large,  but  tlu^  i'stinuttes  made  vary  somewhat 

^H  the  method  used,  t     When   the   blood   is  shed   the  plates 


y^-     ^  "Virchow*!*    .\rchiv  f.  puth.  Anal.  u. 
^■*^*chrift  f.  physiol.  chemic.  6:5.  1,  11109. 


Physiol.,''   UH,  239,   1901,  also 


of 


t  For  a  sumn»ar>'  of  tho  litprature  and  inotluKlH.  ronsult  Kotnp,  "Journal 
0^  ^-1m!  AmmcAt)  Mwiit-al  .Aiwociiilion,"  April  7  iiinl  14,  1900;  Pratt,  Und.f 
jr^^.  30,  1905,  ami  Wright  and  Kmnirutl,  "TntnHjict ioiw  of  Ajwoc  of  Am. 
i^Srwnanii,"  May,  1901.  The  preservative  HoUition  rtKommi'ncietl  by  Pmlt 
j2**w«Bt«  of  (lodiuiii  iDetaiihonpliaie,  2  ^airiH;  .s<KHum  chWicJ,  l).9  (Eram;  water, 
f^^  c.p.  That  preferred  by  Kemp  is.  formalin  (40  |»er  cent,  aquetnw  solution 
*k  -  ^orniaWohyd),  10  r.c;  sodium  chlorid  (1  t>er  rent,  solution^,  150  ex.,  while 
^'ight  euiuloVB  a  solution  of  cresyl  blue  and  potattsium  cyanid. 
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agglutinate  quickly  into  masses  which  soon  disint^rate  more  or 
less  completely,  and  it  is  necessary  therefore  in  counting  them  to 
mix  the  blood  with  a  fixing  solution  which  will  coagulate  the  plate 
and  keep  them  from  adhering  together.  Solutions  that  precipitate 
the  calcium  of  the  blood-plasma,  such  as  sodiimi  oxalate,  have  the 
effect  of  fixing  the  plates.  The  average  number  of  plates  maybe 
given  as  300,000  per  cubic  millimeter.  The  extremes  repented 
vary  from  200,000  or  250,000  to  778,000,  Under  certdn  patho- 
logical conditions,  especially  in  pernicious  anemia  and  lympbtk 
leucemia,  their  number  is  greatly  reduced,  while  in  the  acute 
infectious  diseases  there  is  said  to  be  a  diminution  in  numbff 
during  the  period  of  fever,  followed  by  a  marked  increase  beyood 
the  normal  during  the  period  of  convalescence.  A  nimiber  of 
observers  have  stated  that  in  hemorrhagic  diseases  in  which  there 
is  delayed  coagulation  and  tendency  to  bleed  there  may  be  a  great 
reduction  in  the  number  of  plktelets.  Duke*  states  that  in  such 
cases  transfusion  of  blood  from  a  normal  person  removes  the  hano^ 
rhagic  tendency,  while  increasing  markedly  the  number  of  plate 
lets.  But  in  three  days  the  number  of  platelets  again  falls  to  a 
low  level,  and  simultaneously  there  is  again  a  tendency  te  sp(m- 
taneous  bleeding.  The  observation  is  of  interest  as  indicating 
that  the  life  history  of  the  platelets  in  the  circulation  is  probably 
very  brief. 

*  Duke,  "Journal  of  the  Amer.  Med.  Assoc.,"  55,  p.  1185,  1910. 


COHPOSITION  OF  THE  BLOOD-PLASMA;    Ca 
[LATION;  QUANTITY  OF  BLOOD;  REGENERA- 
TION AFTER  HEMORRHAGE. 

^sition  of  the  Plasma  and  Corpuscles. — Blood  (plasma 
puscles)  contains  a  groat  variety  of  suhstancea,  as  might  be 
from  its  double  relations  to  the  tissues  as  a  source  of 
I  and  as  a  means  of  removing  the  waste  products  of  their 
kI  acti\'ity.  The  constituents  tliat  may  be  present  in 
blood-plasma  are  in  part  definitely  known  and  in  part 
Unknown  from  a  chemical  standp<jint.  Some  idea  of  the 
Ity  of  the  composition  may  l>e  obtained  from  the  following 


COMPOSITION    OF    THE     BLOOD-PLASMA. 
Watek,  Oxyoen,  Cahhon  Dioxid,  NtTnoocN. 

'  FibrinoRen. 


I — that  is,  substances  othrr 
proteiiiM  tliat  iimy  be  vx- 
n  from  the  dried  residue  by 
ff  alcohol,  or  ether. 


Paraglohulm 


(  Etij^lobulin. 


\  Pseutloglohuiin. 
.  Seruni-albumin, 
'Fats. 

Sugar. 

Trca. 

Uric  acid; 

Creatin. 

Creatinin. 

Jecorin, 

Glucuronic  arid. 

L(H>iliim. 

Chok'isUfrin. 
,  L*actic  acid. 


f  Chlorids 
Carbonates 


Sulphates 


of 


Sodium. 
PotasHium. 
'  Calcium. 
Magoesiucn. 
Iron. 


MmI  special  8ub$tances . 


PhoHi)h2itea    J 
*  Internal  secretiona. 

^"'>'™«'{GlySase.etc. 

Prothrombin. 

Antithrombin. 
i  Epinephrin. 

L Immune  bodies  (Amboceptors). 

^^^^HL  Complements. 

^^^^^1  [  Opeoniiu}. 

biber  of  detailed  chemical  annlyscs  of  the  blood  of  different 
■  as  its  constituents  can  be  determined  by  analytical 
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methods,  have  been  roportcd  at  dkfiferent  times.  The  foBowun  ] 
table,  taken  from  Alxlerhaklerij*  and  showing  the  compoeitiaB  S 1 
dogs'  blood,  may  serve  as  an  example: 

1000  Paath.  bt  IOOO  Paxts.  bt  1000  Pitn.  r 

Wkiuht.  or  Blood        WBianr,  or  8m-      Weight.  orCoa^ 
Contain  nvu  Contain  clb  Coktaoi 

Water   810.05  923.98  W426 

Solida 189.95  76.02  35575 

Hemoglobin 133.4                        327.52 

Protein 39.68  60.14  9.91S 

Sugar 1.09  1.82 

Cholest^nn 1.298  0.709  3.155 

Lecithin   2.052  1.G99  2JM 

Fat 0.031  1.051 

Fatty  acids 0.759  1 .221  0.088 

Phosphoric  acid: 

a«  auclein 0.054  0016  0.110 

Na,0 3.075  4.2(i3  2.821 

K,6 0.251  0.226  0.28B 

Fe,0, 0.041                      1.573 

C«0 0.062  0.113 

MgO 0.052  0.040  0  071 

Cl 2.936  4.023  1.353 

PA  ■  •  •    -. 0-809  0.242  1.655 

Inorganic: 

PA 0-576  0.080  1 298 

The  same  constituents  in  much  the  same  proportions  are  foutti ' 
in  the  blood  of  all  the  mamm:\Ua  f^xamined.     The  amount  of  pmtwtt 
in  the  scrum  is  great'Or  in  s<ime  ruses  than  in  others,— in  the  <io(t  , 
for   instance,    according    to    Abdcrhalden's   analyses,    the  prot^ 
amounts  to  only  6  per  cent.,  while  in  the  horse  it  may  be  7  or  81 
cent.    So  also  there  are  small  variations  in  the  amount  of  ch 
tei'in.  sugar,  and  other  constituents,  but.  on  the  whole,  the  compofit' , 
tion  of  the  liquid  part  of  the  bloo<i.  lilood-serum  or  blood-pL 
is  remarkably  uniform  so  far  as  chemical  analyses  po.     We  I 
however,  that  the  physiological  properties  of  mammalian  serum  mV  ] 
be  very  different  indeed;  that  the  senim  of  a  dog»  for  instance,^ 
kill  a  rabbit  when  injected  int<3  it^  vessels.     Such  pbysiok)pcal  dif* 
ferenre.s  as  this,  however,  ilej)end  upon  constituents  which  cafi  nfllj 
be  <Ietermined  at  present  by  chemteal  means.     The  chemical  om^  ' 
position  of  the  blood-serum  differs  from  that  of  the  rerl  corpuscltwffl 
a  nutnber  of  respects  in  addition  to  the  prt*s(*iice  of  hemo 
the  latter.    The  corpuscles  contain  no  su^ar  nor  fat,  a  larger  i 
of  cholesterin,  lecithin,  phosphoric  acid,  and  potassium,  and  b*^ 
eothum  and  ehlorin.     The  red  cor])uscles  of  different  mttmm»li>  : 
show  a  remarkable  variation  in  the  amount  of  potassium  *toj 
containe<i.    Thus,  according  to  Rrandenburg»  10(X)  part.s  by 
of  the  red  corpuscles  contain  the  foliowing  amount^s  of  Kj*) 
different  mammalia:  Cat,  0.258:  dog,  0.257;  man,  4.2^;  hoi^' 
4.957;  rabbit,  5.229. 

*  "Zeitachhft  f.  physiologiscbe  Cbemie,"  25,  88,  1898. 
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Proteins  of  the  Blood-plasma. — The  general  properties  and 
JreacUoas  of  proteins  and  the  related  compounds,  as  well  aa  a  classi- 
i  firatiou  of  those  occurring  in  the  animal  body,  are  descriljed  briefly 
}  in  the  Appendix.  This  description  should  be  read  before  attempt- 
ing lo  study  the  proteins  of  tiie  plasma  and  the  part  they  take  in 
lation.  Three  proteins  are  usually  described  as  existing  in  the 
la  of  circulating  blood. — namely,  fibrinogen,  paraglobulinr 
or.tts  it  is  Bometimes  called,  ''serum-plobulin,''  and  senim-albumin. 
i  The  first  two  of  these  proteins,  fibnnopen  and  paraplobulin,  l>elong 
]  to  the  group  of  globulins,  and  hence  have  many  properties  in  com- 
I  inon.  Serum-albumin  belongs  to  the  group  of  albumins,  of 
!  which  egg-albumin  constitutes  another  member. 

Srrum-albumin. — This  substance  is  a  typical  protein.      It  can  be 
obtained  readily  in  crystalline  form  from  the  horse's  blood.     Its 
percentage  composition,  according  to  Michel,  is  as  follows:  C,  63.08; 
I  H,  7.10;  N,  15.93;  S,  1.90;  O,  21.9G. 

Its  molecular  composition,  according  to  Schmiedeberg,*  may  be 
represented  by  CjgH^jjNjoSOa^  or  some  multiple  of  this  formula. 
Senim-albumin  shows  the  general  reactions  of  the  native  albumins. 
One  of  its  most  useful  reactions  is  its  behavior  toward  magnesium 
lulph&te  and  ammonium  sulphate.  Serum-albumin  usually  occurs  in 
the  bo<iy-hquids  together  with  the  globulins,  as  is  the  case  in  blood. 
Ifsnirh  a  liquid  is  thoroughly  .saturated  with  solid  magnesium  sul- 
phate or  half  saturated  with  ammonium  sulphate,  the  gloiniiins 
Mt  precipitated  completely,  while  the  albunun  is  not  affected. 
So  far  as  the  blood  and  similar  liqviids  are  concerned,  a  definition 
of  serum-albumin  might  be  given  by  saying  that  it  cora])nse3  all 
the  proteins  not  precipitated  by  saturation  with  magnesium  sul- 
phate or  by  half  saturation  with  ammonium  sulphate.  When  its 
solutions  have  a  neutral  or  an  acid  reaction,  serum-albumin  is 
precipitated  Ln  an  insoluble  form  by  heating  the  solution  ;il>ove  a 
*rtain  decree.  Precipitates  producetJ  in  this  way  by  heating 
^iutioos  of  proteins  are  spoken  of  as  coagulations — heat  coagida- 
J*orw — and  the  exact  temperature  at  which  coagulation  occurs 
lo  a  certain  extent  characteristic  for  each  protein.  The  tem- 
re  of  coagulation  of  seruai-albutniti  is  usually  given  at  from 
75°  C.  but  it  varies  greatly  with  the  condition.^. — for  in- 
,  with  the  reaction  of  the  solution,  its  concentration  in  salts, 
with  the  nature  of  the  salts  present-  It  has  t>een  asserted, 
that  careful  heating  under  proper  con<litiona  gives  separate 
!ations  at  three  different  temi>eratures. — namely,  73°.  77**. 
.  84**  C, — indicating  the  possibility  th:it  what  is  calleil  "semm- 
ibumin**  may  be  a  mixture  of  three  proteins.  Serum-albumin 
fccurs  in  blood-plasma  and  blood-serum,  in  lymph,  and  in  the 
ISerent  norma!  and  pathological  exudations  found  in  the  body^ 
»  "Archiv  f.  exper.  Pathol,  u.  Pharmakol.."  39,  1.  1897. 
29 
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such  as  pericardial  liquid,  hydrocele  fluid,  et€.  The  amount  d 
serum-albumin  in  the  blood  varies  in  different  animals,  ranging 
among  the  mammalia  from  2.G7  per  cent,  in  the  liorse  to  4.52  pCT 
cent,  in  man.  In  some  of  the  co]d-bloo<Jed  animals  it  occurs  in 
siirjirisingly  small  quantities, — 0.36  to  0.09  per  cent. 

Paraglobnlin,  which  belongs  to  the  group  of  globulins^  exhibits 
the  general  reactions  characteristic  of  the  group.  As  stated  above, 
it  is  completely  precipitated  from  its  solutions  by  saturation  witi 
magnesium  sulphate  or  by  half  saturation  wnth  ammonium  sul* 
phate.  It  is  incompletely  precipitated  by  saturation  with  common 
salt  (NaCl).  In  neutral  or  feebly  acid  solutions  it  coagulates  upoa 
heating  to  75'*  C  Hanimarsten  givc*s  its  percentage  composition 
as:  C,  52.71;  H,  7.01;  N,  15.83;  S,  1.11;  0,  23.32.  Schmiedeberg 
gives  it  a  molecular  composition  corresponding  to  the  formula 


.H,„K 


nSOj^  +  ^HjO.  Paraglobulin  occurs  in  blood,  in  l>Tnph, 
and  in  the  nonnal  and  pathological  exudations.  The  amount  of 
paraglobulin  present  in  blood  varies  in  different  animals.  Among 
the  maimualia  the  amount  nmges  from  1.78  per  cent,  in  rabbits  to 
4.56  per  rent,  in  the  horse.  In  human  blood  it  is  given  at  3.10 
per  cent,,  being  less  in  amount,  therefore,  than  the  serum-albumin. 
It  is  usually  stated  that  more  of  this  protein  is  found  in  the  sejum 
than  in  the  plasma.  This  fart  is  explained  by  supposing  that  dur- 
ing coagulation  some  of  the  leucoc>ies  disintegrate  and  part  of 
their  substance  pai^ses  into  solution  as  a  glolmlin  identical  with  or 
closely  resembling  paraglobulin.  Paraglobulin  as  obtained  from 
blood-serum  l>y  half  saturation  nnth  ammonium  sulphate  or  full 
saturation  with  magnesium  sulphate  does  not  behave  Uke  a  chem- 
ical indi\idua!.  Portions  of  it»  for  instance,  are  precipitated  by 
CO,  or  by  dialysis,  and  portions  are  not  so  precipitated.  Recently, 
therefore,  it  has  been  assumed  that  paraglobulin  is  in  reality  a 
mixture  of  two  or  possibly  three  (Ufferent,  although  relatetl.  pro- 
teins. The  separation  usually  given  is  into  euglohulin  and  pseu- 
doglobulin,  euglohulin  being  the  portion  precipitated  by  iimnio- 
nium  sulphate  when  added  to  one-third  saturation  (28  to  33  per 
cent.),  and  pseudoglobuiin  the  portion  precipitated  only  by  one- 
half  saturation  (34  to  50  ]>er  cent.).  The  latter  portion  shows 
properties  more  nearly  related  to  the  albununs.*  The  whole  basia 
of  classification  is,  however,  unsatisfactory  and  provisional  (see 
appendix). 

Fibrinogen  is  a  protein  belonging  to  the  globulin  class  and  ex- 
hi!>iting  all  the  general  reactions  of  this  group.  It  is  distinguished 
from  paraglolmlin  by  a  number  of  ,s|>ecial  reactions;    for  example, 

Porgee  nod  Spiro,  "Bcitr&K^^  zur  chpm.  Phyaiol,  u.  Pathol.,' 
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lito  temperature  of  heat  coagulation  is  much  lower  (56**  to  60°  C), 

limlit  is  completely  thrown  (io\m  from  its  solutions  by  saturation 

|»iih  sodium  chlorid  as  well  as  with  magnesium  sulphate.     Its  most 

[iBipurtant  and  tUstinctive  reaction  is,  however,  that  under  proper 

[ (Dfiditioti^  it  gives  rise  to  an  insohilile  protein,  Bbrin,  whose  forma- 

is  the  essential  phenomenon  in   the  coagulation  of  lilood. 

has  a  percentage  composition,  according  to  Hammiir- 

C.  52.93;  H,  6.1)0;  N,  16.00;  8,1.25;  0,22.26;  while  its 

[molecular  composition,  according  to  Schmiedeberg,  is  indicated  by 

>  Ibr  fomiula  C,osH,^,Nj»„SOjy. 

Fibrinogen  is  found  in  hlootl-plasma,  lymph,  an<l  in  some  cases, 
kthough  not  always,  in  the  nonrial  tmd  pathologicrd  exudations.  It 
liifjeent  from  blood-seruni,  being  used  up  during  the  process  of 
I  dotting.  It  occurs  in  very  small  quantities  in  blood,  com]>ared 
with  the  other  proteins.  Estimates  of  the  amount  of  fibrin,  which 
eumot  differ  very  much  from  the  fibrinogen,  show  that  in  human 
blood  it  varies  from  0.22  to  0.4  per  cent.;  in  horse's  blood  it  may 
be  more  abundant.-^), 65  per  rent.  There  is  some  evidence  to 
jioilicate  that  the  fibrinogen  is  produced  in  the  liver,  or  at  any  rate 
[that  this  organ  is  concerneil  in  some  way  in  its  protluetion.  Thus 
^11  instated  that  extirj)ation  of  the  liver  in  the  dog,  after  establishing 
I  Eric  fistula,  is  followed  by  a  nipid  4li.sappearance  of  the  fibrino- 
I  of  the  blood.*  In  phosphorus  jKiisoning,  and  particularly  in 
|cfalorofomi  poisoning,  which  is  attentietl  by  an  extensive  necrosis 
f  the  central  portions  of  the  liver  lobules,  the  amount  of  fibrinogen 
:  the  Mood  is  rapidly  re<lueei],t  iind  simultaneously,  iis  we  sht)ukl 
xrt.  the  blood  loses  more  or  less  completely  its  power  of  clotting. 
klly  it  has  been  note<l  that  if  the  blood  of  a  dog  is  withdrawn 
faparate  portions,  defibrinated  and  reinjected  into  the  circula- 
S<W,  the  mi.ssing  fibrinogen  i.s  qui<*kly  regenerated  in  a  normal 
^*ainial.  while  in  one  with  its  liver  thrown  out  of  function  this  re- 
^■^n^ration  does  not  take  placet 

^*    The  following  table  §  gives  some  resulta  of  analyses  of  blood 
^bich  indicate   the  average   amounts   of  the  <!iITerent   proteins 
nhe  blood-plasma  of  several  animals.     The  figures  give  the  weight 
UW  protein  in  grams  for  100  c.c.  of  plasma. 

.Sciiru- 

TOTAL    PltOTBINft.       AluI'MI.V.       pAllAOLOBVUTf.       FlBRINOOBR. 

Man 7.26  4  01  2.83  0.42 

Dog 6.03  3.17  2.26  0.60 

Sheep 7.29  3.HS  3.00  0.46 

Horee 8.04  2.80  4.79  0.45 

Pig 8.05  4.42  2.98  0.65 

•Sec  Dovon,  "C.  r.  Soc.  Biol./'  56  612.  1004,  and  Nolf,  **Arch.  intemat. 
^phymoI.,"3,  1,  1905;  "Archmo  di  FiHiologin."  7,  U>09. 
tWhippIe.  "Jourtml  of  Exp.  Me-lirim-,"  13.  136,  1911,  and  15,  246,  1912. 
i  Medt,  •'.\meric'an  Joiimiil  of  PhvsioUvKV."  30  161,  1912. 
{  Lewinaki,  "PaUgcr'a  Archiv/'  100,  till,  1903. 
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Oth^  Proleim  of  the  Blood-serum  or  Blood-pUuma. — From  time  to  tiw 
other  protein  bodies  have*  b(M»n  describeci  in  the  aerum  or  plasma  of  the  Mail. 
In  the  .wnim  after  coapilation  Hammaniten  has  obtained  a  |tU»bulin  body, 
f.bnti-glot)uhn.  which  he  siippoaes  may  be  split  off  from   the  hbrinogcn  to 
mg  the  act  of  etutting.     FjiUHt  deacribeH  an  albuminoid  sub&tunn-,  ^limb^ 
whirh   in   pn^nent  in  the  blood  and   is  usually  pn^eipitated  to^etlier  with  Us  j 
parftfflobulin.      A  number  of  obHcr\'ers  have  noted   Ihe  existence  io  blood  , 
of  a  protein  not  wmKu]at4?d  by  heat.       By  twmie  authors  this  has  hem  d»- 
ecribi'd  us  a  peptone  or  an  albutiiow  (Langstein),  bv  others  a*i  an  ovt»miW[«4 
(Zanetli),  and  by  others  still  {Chabri(^)  as  a  (X'culiflr  protein  for  whirl,  ihf 
name  nlhnmon  has  bwn  proposed.     By  others  still,  this  non-ooagul:  ' 
t^in  obtaiiKti   fmin    senim  or  plasma    htu*  been  explained  a(«  an 
pnxluct  nrisine  from  (he  nlohulins  of  the  blood  durinR  the  proees*  ol  na 
in(i  the  coaguluble   protein?*  by  heatinp.     So,   too,   nucleoprolein  subatil 
have  hwn  deMcribtHl  in  the  blouil-sonim  by  several  obw^rA-ens,  moel  r«>C«(illyl 
Freund  and  Joachim.     Il  is  quite  iKirtsibV.  however,  that  the  substance f 
scribed  as  nurleoprotein  if*  in  reality  a  mixture  or  eombination  of  lecithin ■ 
protein.     Mowt  of  the  f>rotoin  when  precipitated  from  the  blood  carriodovA 
Tinth  it  flome  lecithin,  iind  will  therefore  show  a  reaction  for  phoephoniii.   li 
ran  be  shown  lh:it  the  pho.sphoniH  present  is,  in  most  cases  at  le^^.  remfiv- 
able  by  boiling  wilh  iil('(»h(>l,  and  there  Is  at  present  no  entirely  aatisfactory 
proof  that  nucliHaprotein  exi.sts  in  the  blood. 

Coag;ulatioii  of  Blood. — One  of  the  most  striking  propertkaof 

blooii  is  its  ]3<>wer  of  dotting  or  coagulating  shortly  after  it  eecapes 
from  the  blood-vessels.  The  general  changes  in  the  blood  duiia^ 
this  process  are  easily  followe<l.  At  first  perfectly  fluid,  in  a  few 
minutes  it  becomes  viscous  and  then  sets  into  a  soft  jelly  which 
quirk ly  l:>econies  firmer,  so  that  the  vessel  contAiiiing  it  may  be 
inverted  without  spilling  the  blood.  The  clot  continues  to  grow 
more  foinpact  and  gmdually  shrinks  in  vohune,  pressing  out  \ 
smaller  or  larger  quantity  of  a  cleai",  faintly  yellow  liquid  to  which 
the  name  btood-senim  is  given.  The  essential  part  of  the  clot  iB  the 
fibrin.  Fibrin  is  an  insoluble  protein  not  foimd  in  normal  blood. 
In  she<i  blood*  and  under  pertain  conditions  in  blood  while  still  in  the 
blof)d-vessel3,  tfiis  fibrin  i.s  formed  fnjin  tlie  soluble  fibrinogvi. 
"The  deposition  of  the  fibrin  is  |H'culiiir.  As  seen  in  onlinar>* 
nii<Toscopical  preparations,  the  fibrin  forms  very  delicate  threads 
which  arc  unitt^d  to  make  a  tine  rotirtihmi.  When  the  proc««  L« 
observed  with  the  aid  of  the  ultnimicroscopt*  it  can  be  seen  that 
the  fibrin  is  deposited  in  the  form  of  very  fine  needles,  which  have 
the  appearance  of  acicular  crystals.*  When  the  pn)ce-**c^  of  dot- 
ting is  very  slow  the  needles  may  remain  separate  for  a  long  time 
until  their  number  is  greatly  increased,  but  in  normal  clotting  the 
process,  once  it  has  startetl.  is  <*onipIeted  quite  rapidly,  the  final 
result  being  a  dense  network  <»r  iiicshwork  of  the  fibrin  needles 
(Fig.  186).  This  form  of  preripitation  of  a  colloid  isulutioUf  or 
the  fonnation  of  a  hydrogel  from  a  hydrosol,  is  unique  so  far  as 
our  knowledge  goes.    Solutions  of  fibrinogen  may  be  precipital^^i 

•  Sec  StObcl^  "PflaRcr'e  Archiv  f.  d.  g<«.  Fhysiolopie."  156,  361.  1914;  and 
Howell,  "Americun  Journal  of  Physiology,"  35,  143,  1914. 
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i  solutions  of  other  proteins,  in  a  great  variety  of  ways,  by 
^y  acids,  by  neutral  salts,  etc.,  I>ut  in  these  cases  the  col- 
takial  particles  of  the  solution  are  simply  iiggregated  into  larjjer 
clumps  or  masses.  The  dejxisition  of  the  fibrinogen  in  the  f*>nn 
of  Dfrdlcs  takes  place  only  under  the  influence  of  thnmihin.  the 
substance  which  causes  norniri!  dotting,  a,s  will  he  described 
farther  on.  \\'hen  the  clot  is  furni(*(l  It  shrinks  f»r  ctmtracts 
npidiy  in  all  directions,  especially  if  freeti  from  coutact  mth  the 
w»Ik  of  lh<»  containing  vessel.  If  the  blood  has  not  been  di»- 
turW  during  the  act  of  clotting,  the  red  corpu-sdcs  are  caught 
in  the  fine  fibrin  nie>*hwork,  and  iis  the  clot  shrinks  tlie^^c  cor- 
pneitftf  »re  held  more  firmly,  only  t\w  clear  liquid  of  the  blood 


ftBf. 


'^^rin  nrrdlcd  forirml  in  (Ik*  rlotlina  of  htoorl.     Ptnema  of  oxnlatin-l  doc's 
wibiQ-      The  photoitniphn  »hon   l^ic  nodk-s  oa  stfn  with  Ihr   iiUraHii- 


:u    uistiui 


iiihrd  by  sun-hslit;  B.  by  arr-liicfat.     Only  the  neidlcn  lyias  io  ihe  foc&I 


r-ing  squeezed  out,  so  that  it  is  possible  to  get  specimens  of 
uni  containing  few  or  no  red  corpuscles.  The  leucorytes,  on 
fti>ntnir\',  although  they  are  also  caught  at  first  in  the  forming 
work  f»f  fibrin,  may  readily  pass  out  into  the  sennn  in  the  kiter 
of  clotting,  on  account  of  their  power  f»f  making  atncboid 
rments.  If  the  blood  has  In^en  agitated  during  the  process  of 
ag,  the  delicate  mesh  will  be  broken  in  places  and  the  serum 
ill  he  more  or  U^ss  bh>ody — that  is,  it  will  contain  numerous  red 
>rpu:^l<»s.  If  during  the  tim<^  of  clotting  the  Mood  is  vigorously 
liipjMMl  with  a  bundh*  of  fiiu'  nub,  :dl  the  tihrin  is  deposited  as  a 
lingy  mass  upon  the  whip,  and  the  remaining  litiuid  part  con- 
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sists  of  serum  plus  the  bluocl  corpusries.     Blood  that  has  bm' 
whippy]  in  this  way  Is  knowm  a?*  '*<k'fibrinated  bUxxL"    It 
sonihlos  ntinnal  hlood  in  appearancp.  hut  is  different  in  \U 
position;  it  <*aiiriot  clot  again.      The  physiologicai  value  of  cloUa 
is  that  it  stops  heniorrlia^es  by  closing  tlie  oixMiiugs  of  the  woui 
blood-vessels. 

Time  of  CloUin^. — In  human  blood  the  time  necessary  for  Hi 
ting  varies  greatly,  according  to  tlie  conditions  to  which  thebhujd 
is  subjected  after  shedding.     Blood  allowed  to  flow  from  ii  wouwi 
into  a  receiving  vessel  may  clot  within  a  few  (3  to  10)  minutes 
according  to  the  amuvint  of  blood  drawn,  the  ext^^nt  of  surf.ve 
with  which  it  comes  into  contact,  the  condition  of  the  rettM^ing 
vessel,  etc.     The  same  blood   taken  from  a  vein   into  a  clean 
syringe,  by  the  operation  of  venepuncture,  and  emptied  into  * 
perfectly  clean  vessel,  may  re<]uire  from  30  to  40  minutes  liefore  It  ' 
jellies  throughout.     If  the  surfaces  with  which  the  shed  hlwxl 
comes  into  contact  are  coated  with  oil  or  vaseline,  clotting  may  1»^ 
delayed  for  even  a  longer  time.     These  differences  may  be  under' 
stfxjcl  when  we  remember  that  clotting  is  a  complicated  pn)C<se 
which  involves  a  series  of  preliminary  changes  or  reactions  in  thi* 
Itlood.     These  latter  reactions  may   l)e  nccelerated  or  rctanlhl 
according  to  the  conditions  untler  which  the  blood  is  placed.    For 
clinical  purposOv*?  various  simple  methods  have  been  devised  W 
detemjine  the  clotting  time  with  a  drop  or  two  of  blood,  such  a* 
may  be  obtained  by  pricking  the  ear  or  the  finger.*     In  using  fuch 
methods  to  comptu'e  normal  with  pathological  bl(x>ds,  it  is  necessHrv 
to  emplo}'^  always  the  same  nu^tfiod  and  to  keep  the  conditions  a? 
uniform  as  possible.     Pathological  comlitions  are  known  lu  which 
the  coagulation  time  of  the  IiIockI  is  greatly  prolonge<l.     This  is 
notably  the  case  in  the  class  of  persons  knowTi  as  blec-ders  (hemo 
philics),  whose  blood  clots  so  slowly  that  even  small  wounds  often 
caase  a  fatal  hemorrhage.     True  congenital  hemoi)hilia  is  iraiw- 
missible  by  heredity,  and  exhibits  the  interesting  peculiarity  that, 
as  ft  rule,  it  affects  only  the  male,  but  is  transmitt^si  only  through 
the  female.     That  is  to  say,  a  man  who  is  hemophilic  docs  not 
transmit  the  defect  to  his  sons  or  bis  tiaughters,  but  the  latter  nmy 
carry  the  defect  in  a  latent  form  iiiul  transmit  it  actively  to  their 
sons.     The  mortality  from  this  condition  is  ver>'  high.     On  the 
other  hand,  casi's  are  known  in  which  the  coagidability  of  the 
hlcKxl  is  so  much  augmented  that  spontaneous  clotting  t>ccurs  at 
places  within  the  veins  or  arteries  (ihromlxjsis),  leading  to  serious 
complications  or  even  to  death.    To  throw  light  on  thesie  cases  it  is 

•  For  clinicnl  method."*  of  determining  the  cofigiihition  lime  with  a  dmp 
or  two  of  blood,  reference  mav  bo  made  to  \\w  nianujils  of  clinirnl  diagnoflis. 
Sec  Addiis,  ^'Quarterly  Journal  of  Exp.  Phyeiologj,"  1908,  1,  305. 
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l>le,  of  course,  to  understand  the  process  of  clotting  as  fully 
Iftarible.     The  problem  has  proved  to  be  a  difficult  ami  com- 
|te  one. 

Gtneral  Statement  of  Problem.— The  clottinR  of  hkxKl  is  such 
El  prominent  phenonK'noii  that  il  ha.s  attracti*d  attention  at  all 
liniK^.and  as  a  result  numerous  theories  to  account  for  it  have  been 
advanced.  Most  of  these  theories  have  now  simply  an  historical 
inirnst.  In  recent  years  miicli  ex]>erin!ental  work  has  been  done 
u|wn  the  subject,  the  result  of  which  has  been  to  increase  greatly 
our  knowledge  of  the  process;  but  no  complete  explanation  has  yet 
been  reached.  It  is  generally  admittetl  that  the  essential  constit- 
uent of  the  clot — namely,  the  fibrin — is  formed  from  the  fibrinofi^en 
fionn&lly  present  in  the  plasma,  ami  that  without  this  fibrin- 
0(01  clotting  is  impossible,  lf»  for  instance,  blood  is  heated  to 
flD^C,  a  temperature  sufficient  to  precipitate  the  fibrinogen  as  a 
heat  coagulum^  its  power  of  clotting  is  lost.  Clotting,  therefore,  is 
(mitially  a  process  of  the  blood-phiama.  as  was  shown  imleed  by 
tikr  old  ex])erimenters  (Hewson).  Moreover,  it  is  also  admitted 
Ihll  the  conversion  of  the  soluble  fibrinogen  to  the  insoluble  fiV>rin 
B accomplished  by  the  agency  of  a  substance,  known  as  thrombin 
w  fibrin  ferment,  which  is  not  present,  in  its  active  form  at  least, 
ro  the  blood  while  in  the  bhxxl-vessels,  but  is  formed  after  the 
hlixxl  is  shed  or  under  certain  abnormal  conditions  within  the 
blood-vessels.  These  two  important  facts  we  owe  mainly  to 
the  investigations  of  Alexander  Schmidt,*  whose  work  com- 
pi''t(Hi  the  older  observations  of  Hewson,  Buchanan^  Denis, 
anil  Rruck<\ 
I  Preparation    of    Solutions    of    Fibrinogen. — Fibrinogen    may 

I    lie  obtained  readily  in  solution  free  from  other  proteins  by  the 
F    Bmeral  melho<l  first  described  by  Hamniarsten.     (Jne  may  use 
L     the  plasma  of  horse's  blood  which  has  [)ecn  kept  from  clotting 
L    By  prompt  cooling,  and  in  which  the  cor|)useles  have  been  thrown 
It    down  by  ccntrifugalizing  or  by  long  staniling  iit  low  temperuture, 
hut  it  is  more  convenient,  fjerhaps,  to  use  blootl  which  has  been 
,     kppt  from  clotting  by  allowing  the  blood,  as  it  escapes  from  (lie 
vessels,  to  rtm  into  a  solution  of  soflium  oxnlate,  iisinn  an  amoimt 
nich  that  the  final  mixture  eimtains  OJ   |xt  cent,  ri  the  oxalate. 
This  mixture  is  cenirifugalized,  the  dear  phisma  is  removed,  ami 
I    the  fibrinogen  in  it  is  precipitated  by  adtling  an  equal  part  of  a 
Lfliiurat^  solution  of  sodium  ckdorid. 

'        TliP  method  in  some  detail  Ls  ae  follows:    After  iwtUitijt  to  tlie  clear  iJlanma 
an  ixjual  bulk  of  a  8aturat<xi  solution  of  sodium  chlorirl   the  resiilling  pre- 

•  "Arohiv  f.  Anat.,  PhvsioIoKi"',  u.  wiss.  Mo<licin."  Keichcrt  u.  (hi  \Wis- 

Ucvmond.  1S64,  pp  .545,  675,  and  1862.  pp.  42S,  5:i:i:  "PflOfffr's  An-hiv.  f. 

;    a.  gwammlc  PhymoL,"  6,  413, 1S72;  "Zur  Blutlehre,"  Leipzig.  1892  and  1805. 
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cipitato  of  fibrinogen  is  c^ntrifugalized,  the  supernatant  liquid  ifl  \>rnttA 
off.  the  imH-ipital^'  is  wa.sluxi  with  a  litrle  of  a  half-^iaturated  8olut-ion  of 
stxlium  clilorid,  and  then  ilissnlvcHJ  with  stirrinfi;  in  a  2  per  cent,  solution  li 
aociiuni  chloriU  and  fi!toro<i.  This  Bolutiim  is  fi^in  precipitated  by  hilf- 
saturation  with  sddiuni  chloriii.  ronirifu^alizm,  washe^i,  ami  dtinolvnl 
iw  before  in  n  '2  per  cent.  s()liiti(in  uf  soiliiirn  r-hlorid.  The  process  tuav  bt 
repeatwi  n  third  timf,  and  the  wa.shfd  prr^-ipitatr  in  finaUy  dianolved  in  a 
1  per  cent,  wtlution  of  sfxlium  chlorid.  It  frequently  happens  that  the  third 
precipitat**  will  not  (Ii.-wjlve  in  the  dilute  jiwiiuin  chlorid.  and  in  thHt  nupt 
<lrop  or  two  of  a  O.o  per  rent,  solution  of  sodiiam  bicarbonate  may  be  addoi 
to  carry  it  into  sohilion.  If  cur**  Ls  ttdten  in  wiLshing;  the  centrifugaliwd  nr^ 
cipitale,  two  preeiprtations  usually  suffi<v  to  give  a  fibrinogen  s4»lul»on.  sritdi 
will  not  clot  fiivontancijusly  nor  after  the  addition  of  calcium  salts,  but  cloU 
promptly  with  thrombin. 

A  solution  of  fibrinogen  prepared  as  above  clots  readily  upon 
the  addition  of  blood-serum  or  of  other  solutions  containing 
thrombin,  and  if  the  prL^pnration  has  been  entirely  successful,  & 
genuine  clot,  tha-t  is,  the  prefi]>itation  of  the  fibrinogen  in  gclalii>- 
ous  forn),  cannot  be  obtaineci  from  it  by  any  other  means.  .\i» 
matter  of  fact,  solutions  of  fil>rinogcn  preparetl  as  dciicril.Hfd  ?om^ 
times  clot,  although  much  more  slowly,  when  instead  of  a  throm- 
bin sokition  one  adds  a  little  calcium  chlorid  or  a  solution  ftio- 
tainitig  caltMiini  chlorid  and  sodium  bicarbonate  in  about  Ibf 
proportion  found  in  a  Ringer's  mixture.  This  latter  fact  imit'tatef 
that  the  ftbriuogen  soiiitioii  In  such  cases  contains  a  trace  of  Hmt 
material  from  whieh  thrombin  may  be  produced.  In  all  prubabilitv 
this  material  is  the  antecedent  form  of  thrombin,  that  is.  so-ci 
prothrombin,  which,  as  we  shall  see,  is  converted  to  thrombin; 
the  action  of  calcium  salts. 

Preparation  and  Properties  of  Thrombin.— Thrombin,  or 
called  hlniti  ferment,  is  prepiireil  reuLlily  l)y  the  method  tirst  tic- 
sc-rihed  by  Schmidt.  B1o<m1  is  alU>we<l  to  clot,  and  the  serum  isthwi 
precipitated  by  the  addition  of  a  large  excess  of  alcohol  (usually 
twenty  vohimes).  After  stantling  some  days  or  weeka  iho  pre- 
cipitate  is  drained  off  and  dried,  and  is  then  ground  U|)  andrt- 
tracted  with  water.  The  aqueous  extract  contains  protein^ 
salts,  anrl  other  thinj^s  in  adtiition  to  the  thrombin.  A  solul 
made  in  this  way  causes  a  ]>njriipt  coagulation  when  added 
a  solution  uf  pure  fibrinogen.  Tliat  the  thrombin  thus  obtained 
is  not  present  as  surh  in  normal  bloody  but  is  formed  after 
(I'ln^,  is  indicated  by  the  fact  that  if  the  animal's  bloo*l  Ls  alloi  _ 
to  flow  directly  from  the  artery  into  a  large  bulk  of  alcohol,  ihf 
care  being  taken  in  the  process,  the  precipitate  thus  obtained  wb« 
sul>sequt'ntly  dried  and  extracted  with  watvr  yields  little  or  » 
thrombin. 

Another,  perhai^s  simpler,  metho<i  of  obtaining  a  strong  p^T" 
aration  of  thrombin  is  to  treat  fibrin  with  an  8  per  cent,  solution <rf 
sodium    chlorid    (Buchanan-Gamgee).     Fibrin    obtaineci   from  » 
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jJauRhter-house  is  washed  thDroughly  in  running  water  imtil  the 

knno^btn  is  removed,  and  is  then  niinfcd  and  extracted  at  a  low 

tanperature  with  the  strong  salt  solution  for  several  days.      The 

fitered extract  is  rich  in  tlironihin,  but  contains  also  large  amounts 

ofdisolved  protein.     Starting  with  such  an  extract  the  author* 

hw  shown  that  by  repeated  shakings  with  chloroform  the  eoagu- 

bblc  proteins  pre-sent  in  the  extract  may  Ik*  removed  completely 

Ukd  the  thrombin,  in  diminished  quantities,  be  left  behind  in 

ipjaiTDtly  pure  condition. 

A  siiuplor  method  of  obtftininjc  rclativnly  pure  proparationH  of  thrombin 
in  pmnanrnt  fonn  for  cxpTiiiicntul  work  untl  dernoiMtrutioos  may  be  iJt*- 
toM  bricflv  as  foUows : 

1  Fibrin  obtained  from  the  »liughter-house  \h  wa-shod  thoroushly  to  re- 
Bwvc  all  heint>felobin.  The  ninA**  in  r*quot*zod  to  remove  exce-ss  oT  wftter,  is 
tfcmna  into  fine  piecc^s  with  soUsors.  and  rovered  with  an  ,s  per  cent,  sohition 
(rfioliuni  rhlorid.  The  mixture  i.s  li^t  for  forty-eight  hours  in  n  r('frigerat<jr» 
nth  orcuHional  stirring. 

2.  The  .-salt  solution  Is  dniiaed  off  throuKh  ehwse-cloth.  j 

3.  The  filtrate  l**  precipitiUe<i  by  the  addition  of  an  rc]ual  voltmie  of  arctone. 
uhI  this  mixture  is  filtered  as  quickly  a-s  possibU'  throu(ch  «  niimhiT  »*f  .smull 
filtrrvnol  Uiving  more  than  oOc.c.  to  a  filter.  After  the  liquid  ha^  rnii  IliroUKh 
ilwiilirr*  are  opened,  and  the  pnx.'ipitate  is  spniul  iw  Ihin  as  potisible  with  a 
ulab.  'llie  hltvrs  are  then  dried  rapidly  in  a  t:urrent  of  eold  air  before  an 
mric  fan. 

4.  The  dried  filf/Ts  may  be  kept  indefinitely  in  a  desiccator,  and  when 
tbrombin  is  needed  may  be  extracted  with  u  little  water,  nr  the  thruuibin  mav 
br  rxlnwted  from  the  wholf  tnu:*s  by  covering  the  filU-rs  with  wiiter,  al- 
kmrn^  to  Hland  for  one  or  two  hours,  and  then  Jilterintf  wilhout  sque*'zing 
thr  filt*'n*.  The  clpar  solution  of  fibrin  thus  obtaineil  may  be  dii^tribntiHl  in 
waldi  daa»e:^,  I  or  2  r.c.  to  a  (jlaj^"*,  and  be  drie^l  in  frurit  of  an  electric  fan. 
T1b»  flricd  preparations  may  be  kept  imiefinili'Iy  in  a  dcsiecMtor.  When 
MDBiM  the  content**  of  earh  nhv^t^  are  it!>M>lveil  in  2  or  X  r.c.  of  water  or  normal 
Mfiw.  Tlii?'  prfparaliou  roatjiiti>  a  little  eoagnlnble  protein  in  adililion  to 
ttowttbin.  If  df^iirccJ  this  impurity  may  be  remr>v<*(i  by  dialyzing  an<l  .shaking 
■ilh  chloroform,  or  by  reprecipitation  with  acetone. 

Obeervations  made  upon  preparations  of  thrombin  purified 
■*ju.st  described  show  that  it  has  the  ft>llo\vinp:  prop^-rties:  it  is 
*'P0'  ejiisijy  soluble  in  water,  it  is  not  eoa^iilated  by  Iwilinp,  it  is 
P'^'cipitated  with  difl&eulty  by  alcohol  in  excess,  it  is  preeipitate<l 
"liQjured  by  half-saturation  with  ammonium  .sulphate,  it  responds 


to 


j^,'^  dumber  of  the  oniinary  protein  tests*,  siicli  as  llie  biuret,  the 
"/otj'j,^  and  especially  the  tryptophan  (Adainkiewicz)  reaetion. 
^  'itftv  conelude»  therefore,  that  in  all  probability  thrombin  is  a 
■^in  Mibstanee.     The  evidence  at  hand  indicates  tliat  thrombin 


P^Of 


,  .^'^Crh  does  not  exist  in  the  cirrulatinK  bltxKl,  but  is  present  prob- 

^     111  an  anteeeiient  or  inactive  fonn  known  as  prothrombin  or 

'^4^fiogrn.     So  far  as  is  known  this  prothrombin  is  furnished  only 

*  «ie  hloocl-platelets.     When  the  blood  is  shed,  or  under  certain 

^-^rmal  eonditions  while  circulating  in  the  vessels,   the  pro- 

•  Howell,  "American  Journal  of  Physiology,"  26,  453,  1910. 
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thrombin  is  changed  or  activated  to  thrombin.  The  nature  d 
this  change  is  discussed  below.  Once  the  thrombin  exist*  is 
active  condition  it  exhibits  the  remarkable  property  of  precipiiat- 
ing  the  fihnnop;cn  in  the  form  of  a  gelatinous  clot,  the  essontiil 
part  *»f  the  clot  heiti^  a  inosh  of  fibrin  needles. 

Nature  of  the  Action  of  the  Thrombin  on  Fibrinogen.— Eola- 
tions uf  librinugen  may  be  precipitated  readily  in  a  nuinl)er  of  wrj\\ 
but,  so  far  a«  known,  only  thrombin  is  capable  of  precipitatinie  it 
in  the  (peculiar  way  necessary  to  form  a  gelatinous  clot.  Tte 
nature  of  this  reaction  is  obscure.  The  usual  view  in  physiologjr 
is  that  first  suggested  by  Schmidt,  namely,  that  the  thrombin  ii 
an  enzyme  or  ferment,  fibrin  ferment.  If  this  view  is  correct,  then, 
in  accordance  with  our  idea  of  the  way  in  which  ferments  act,  the 
thrombin  should  not  l>e  useil  up  in  the  reaction,  but  should  art 
over  and  over  again,  converting  new  fibrinogen  to  fibrin.  Moreover, 
the  fibrin  on  this  view  should  be  formed  entirely  from  the  fibrinogen 
since  the  thrombin,  if  a  ferment,  does  not  constitute  a  part  ofthr 
final  protluct.  Several  specific  hypotheses  have  been  projx>sf»ito 
explain  the  nature  of  the  change  undergone  by  the  fibrinopn 
in  its  conversion  to  fibrin.  It  has  been  suggested  that  the  fibrinf*- 
gen  undergoes  a  hydrolytic  cleavage,  with  the  formation  of  ll* 
insoluble  fibrin,  on  the  one  hand,  and  a  soluble  "  fibrin  globulin." 
on  the  other;  or  that  the  molecular  state  of  the  fibrinogen  undtTgow 
a  change  similar  perhaps  to  that  caused  by  heating,  whereby  tt 
insoluble  product  is  formed.  These  and  similar  hypotlu'ses  hAVf 
not  been  supported  by  expi»rimental  evidence,  and,  indeed ,  a  numbff 
of  obser\*ers  from  time  to  time  have  ijue.stioned  the  fundamcnUl 
part  of  such  theories,  namely,  the  belic^f  that  tliromlnn  acts  like* 
ferment.  Experiments  indicate  that,  unlike  the  ferment*  in  genfrtL 
thron^bin  under  certain  conditions  (absence  of  s:ilts)  wthsUods 
the  ternpt'rature  of  boiling  water,  and,  again,  unlike  the  fenumt*. 
a  small  nnn>unt  of  thrombin  allowed  to  a<'t  upon  fibrinognu  pro- 
duces a  fixetl  auKtunt  of  fibrin  whif^h  does  not  increa.«ae  with  ihp 
time  during  whi<'h  the  thnntibin  is  allcnved  to  act.  It  lias  iTrt 
suggested,  therefore,  as  an  alternative  hypothesis  that  the  throm- 
bin an<i  fil>rinogen  fonn  a  combination  of  a  physical  or  ph>Tfl«)* 
chemical  character  which  results  in  their  mutual  pre<'ii)itation  a» 
fibrin  {Niilf  K  Such  a  theory  is  in  accord  with  the  fact  thai  fn-sUy 
formeil  filirin  when  subjecteil  to  proh>nged  washing  with  ^oltf 
gives  ()(T  little  or  no  thrombin*  but  when  sul>setpiently  treat*.**! 
solutions  of  sodium  chlurid  (8  per  cent.)  a  portion  of  it  goes 
solution  find  this  siihtliun  ts  rich  in  thrond)in. 

The  Influence  of  Calcium  Salts  in  Coagulation. — Many  ob- 
servers have  called  attention  to  the  fact  tliat  calcium  ^\^  * 
certain  concentrations  influence  favonibly  the  coagulation  of  bL»'«l 


!  to  Arthus  and  Pag^s,  however,  the  proof  that  calcium 
tadts  are  essential  to  the  f)roct*.ss  of  iiornuil  t-oaKulatiuii.     These 
KM^^'ers  8howe<l  that  freshly  drawn  blood  allowetl  to  flow  into 
jfcn  oxalate  solution,  in  amounts  such  tliat  the  final  concentration 
jin  oxalate  is  not  less  than  0.1  per  cent.,  will  remain  unclotted  in- 
definitely, but  may  be  made  to  clot  at  any  time  by  the  addition 
of  tt  suitable  amount  of  calcium  salt.     That  this  eifect  is  not  due 
to  an  excess  of  the  adderl  oxalate  is  provtxl  by  the  fact  that  the 
oxalateil  IWood  or  the  plasma  obtained  from  it  by  ccntrifugali- 
wtion  may  be  dialyzed  against  a  lar^e  bulk  of  solution  of  sodium 
chlorid.  0,9  per  cent.,  until  the  excess  of  oxalate  is  remove<L 
This   dialyzed    plasma    will    remain    unclotted    indefinitely,    but 
coagulates  prom|)tly  upon  the  addition  of  small  amounts  of  cal- 
dum  chlorid.     It  has  been  shown  quite  conclusively  by  Ham- 
marsten  that  the  calcium  is  not  directly  concerned  in  the  con- 
version of  the  fibrinogen  to  fibrin;   the  thrombin  is  able  to  eifect 
change  in  the  absence  of  calcium,     The  dialyzed  oxalated 
la  sixjken  of  alx^ve  is  readily  clotted  if  some  thrombin  solu- 
tion free  from  calcimn  salts  Is  ud<led  to  it.     The  role  of  the  calcium 
lies  in  the  part  that  it  takes  in  the  conversion  of  the  prothrombin 
to  thrombin.     According  to  the  terminology  used  at  present,  we 
say  that  calcium  is  necessary  for  the  activation  of  the  throra- 
In  the  oxalated  plasma  fibrinogen  antl  prothrombin  or  inac- 
th'e  thrombin  are  present,  and  the  addition  of  cidcium  salts  serves 
amply  to  convert  the  prothrombin  to  thromliin.     We  may  be- 
lieve that  this  reaction  occurs  always  in  the  initial  stages  of  normal 
ctolting. 

Influence  of  Tissue  Extracts  Ufwn  Coagulation. — Another  im- 

portaot  consideration  in  the  nt»rmal  clotting  of  blood  is  the  in- 

luence  of  extracts  of  tissues  uiM>n  the  ra|>idity  of  the  process. 

Uany  ol>servers  have  showTi  that  certain  substances  are  contained 

in  the  tissues  in  general,  iuclutling   the  biooil-corpuscles,  which 

tend  to  accelerate  the  process  of  clotting.     Arthus,  for  example, 

found  that  blood  taken  directly  from  the  artery  of  a  mammal 

fthrough  a  clean  tube  will  clot  within  a  certain  time,  while  if  allowed 

Ro  flow  first  over  the  wounded  surface,  as  happens  under  normal 

f        ■     IIS,  the  time  of  clotting  is  much  accelerated.     This  in- 

i  'it  the  tissues  is  shown  in  an  extreme  way  when  we  ronsider 

jlhe  hlood  of  the  lower  vertebrates,  the  birds,  reptiles,  and  fishes. 

Btf  blood  is  drawn  from  an  artery  of  one  of  these  animals  through 

p  clean  tube  it  clots  with  great  shiwness.     If  sucfi  a  specimen  of 

\h\(jotl  is  centrifugalized  ]>r(Htiptly  the  supernatant  phtsimi,  when 

pette<l  off,  may  remain  unclotted  for  many  hours  or  fail  to  clot 

aO.    If,  however,  the  drawn  blood  or  the  centrifugalized  plasma 

ed  with  an  extract  from  the  animal's  tissues,  the  muscles, 
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for  example,  it  will  clot  within  a  few  minutes.  This  is,  of  coune, 
what  happens  in  such  animals  when  wounded.  The  escapioi 
blood  oozes  over  the  cut  surface  and  clotting  occurs  promptly. 
Mammalian  blood  differs  from  that  of  the  lower  vertebrates  in 
that  it  clots  within  a  relatively  short  time,  even  if  kept  from  coming 
in  contact  with  the  injured  tissues,  and  this  difference  may  be  ex- 
plained on  the  view  that  the  accelerating  substance  furnished 
by  the  tissues  in  the  lower  vertebrates  is  supplied  in  the  case 
of  the  mammal  by  the  corpuscles  in  its  own  blood,  most  prob- 
ably by  the  platelets  which,  as  is  well  known,  disint^xate  vwy 
rapidly  when  the  blood  is  shed.  The  mammalian  blood  (dog) 
may,  however,  be  brought  into  the  condition  of  the  bird's  blood 
very  easily  by  the  so-called  process  of  peotonization,  that  is 
to  say,  by  injecting  rapidly  into  the  circulation  a  certain  amount 
of  a  solution  of  Witte's  peptone  (see  below,  Antithrombin).  li 
the  injection  is  successful,  the  blood  when  drawn  remains  flmc 
for  many  hours,  and,  if  promptly  centrifugalized,  the  plasma  ma] 
fail  entirely  to  clot.  In  such  cases  the  addition  of  tissue  extract 
may  cause  clotting  within  a  few  minutes,  as  in  the  case  of  the  bird' 
blood.  The  substance  or  substances  in  the  tissues  which  exlub 
this  accelerating  influence  upwn  clotting  have  received  various  namt 
from  different  observers  in  accordance  with  the  special  theory 
coagulation  advocated.  They  have  been  called  zymoplastic  su 
stances,  thromboplastic  substances,  coagulins,  cytozyms,  thromb 
kinase,  etc.  It  is  perhaps  most  convenient  to  speak  of  them 
general  as  thromboplastic  substances,  since  this  term  does  not  co! 
mit  us  to  tho  manner  of  their  action,  but  simply  implies  that  th 
are  of  importance  in  the  formation  of  the  clot.  It  has  long  be 
known  that  thromboplastic  substance  may  be  extractini  from  t 
tissues  by  the  action  of  ether,  or  of  alcohol  and  ether,  and  t 
author*  h:us  shown  that  the  active*  substance  in  the  ether  extra* 
is  one  of  the  phosphatids,  corresponding  apparently  to  the  fracti 
which  has  l)eon  designated  as  kephalin.  The  closely  related  lecitt 
has  no  thromboplastic  power.  In  aqueous  extracts  of  the  tissi 
the  kephalin  is  held  in  solution  in  combination  with  a  prot^ 
which  is  precipitated  at  a  temperature  of  60°  C.  It  is  probal 
that  this  kephalin-protein  constitutes  the  active  thromboplas 
substance  of  the  tissues.  As  regards  the  manner  in  wliich  it  pj 
ticipates  in  the  proceiss  of  clotting  several  views  have  been  pi 
posed.  According  to  the  theor>'  of  Morawitz  (see  next  pai 
graph)  it  is  concerned,  together  with  the  calcium,  in  activating  t 
prothrombin  to  throml)in,  and,  indeed,  is  necessary  to  this  reactic 
According  to  Howell  its  function  lies  in  neutralizing  the  action 
antithrombin,  hence  its  effectiveness  in  causing  the  clotting 
*  Howell,  "  American  Journal  of  Phy8iolog>',"  31,  1,  1912,  and  32,  264,  19 
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pfptonf^-pUama  or  bird's  plamna,  both  of  which  owe  their  relative 
IDCOagulAbility  to  the  prci^ence  of  an  excess  of  antithrombin. 

Theory  of  Coagulation. — Motlern  theories  of  coa^lation^  with 
«me  exceptions  (Wooldridgc,  Nolf),  accept  as  their  starting-point 
the  fact  that  fibrin  is  formed  eventually  by  the  action  of  throniliin 
upon  fibrinogen.  The  various  theories  proposed  differ  from  one 
Mother  largely  in  their  explaniition  of  the  origin  of  the  thrombin 
utd  of  the  partj^  taken  by  tlie  calcium  and  tin*  thrombophustic 
lubstance^  in  the  process  of  clotting.  The  simplest  of  these 
theories  assumes  that  the  prothrombin  in  the  h!ooil  arises  from  tlie 
blood-plat*«  (and  leucocytes  ?)  and  is  activated  to  thrombin  by 
itterjilcium,  the  thrombin  then  reacting  with  the  fibrinngen.  The 
theor."  which  seems  to  be  most  generally  accepted  at  present  is 
that  proposed  independently  by  Morawitz*  and  by  Fuld  and  Spirof 
Ifflng  the  terminology  of  Morawitz,  this  theorj'  jissumes  that  the 
thrombin  is  present  in  the  blood  in  an  inactive  form  whicii  he 
'i«^piates  a^  thrombogen.  To  con\'ert  this  thronibogen  (prt)- 
ihrombin)  to  thrombin  requires  the  action  both  of  calciimi  salts 
and  of  an  organic  thromboplastic  stil)stance  which  he  designates 
as  a  kinase  or  thrond>okinase.  Thrombakin:ise  is  furnished  by  the 
tL«ue-ceILs  in  general,  especially  by  tiiose  rich  in  nuelein,  and  is 
furnishefl  also  by  the  cellular  elements  of  the  blootl.  In  t!ie  cir- 
rulating  blood  calcium  salts  anil  thrond>ogen  are  present,  hut  no 
kinade.  When  the  blood  is  shed  the  disintegration  of  the  platelets 
ind  leucooj'tes.  in  mammalian  blood,  or  of  the  cells  of  the  wounded 
tiMM  in  the  blood  of  the  lower  vertebrates,  liberates  thrombo- 
Idiuue,  which  then,  in  combination  with  tin^  calcium,  converts  the 
tbrombogen  to  thrombin.  The  theory  may  be  expressed  in  dia- 
KTunmatic  form  as  follows: 

Cellular  elements  -^^  thriHiibokinasc 

ThrombokinaHe   f  calcium   -^  thrombogen  =  thrombin 

Thrombin   +  fibrinogou  =  (ibrin. 

The  theory  explains  very  well  many  of  the  most  significant 
f»ctfl  knowTi  in  regard  to  clotting,  but  it  may  be  said  that  the  cen- 
W  feature  of  the  theory,  the  existence  of  tin  organic  kinase,  has 
tt>t  been  supported  by  direct  experimental  evidence.  The  author 
WW  been  lerl  by  his  own  work  J  to  adopt  a  different  point  of  view. 
*hi«'h  may  be  expressed  briefly,  as  follows:  Prothrombin  may  be 
'^onvertixl  to  active  thrombin  by  ttu'  action  of  calcium  alone. 
TWs  activation  docs  not  occur  in  the  circulating  blood  because  an 

..   VMominritz,  Hofmei^er'e    'Beitriige,"  5,  133.   1904,  and  "Arch.  f.  klin. 

t  FuW  and  Spiro,  "Hofmeiater's  Beitrftge,"  5,  174,  1904. 

X  Howdl,  loe.  cU.  and  ^'American  Journal  of  PhyMiolog>',"  29, 187,  1911. 
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aiitithrombin  is  present  in  amounts  suffinent  to  prevent  ihe 
renftion.  In  shetl  blood  the  tissue-cells  or  the  cells  of  the  bliiod 
(plates)  furnish  a  thromboplastin  substance  (kephalin-pratein) 
which  neutralizes  the  action  of  the  iintithronibin  and  thus  permits 
the  calcium  to  react  with  the  prothronil>in  to  form  tliromtiic, 
which  in  turn  reacts  with  the  fibrinogen  to  form  fibrin.  Both 
theories  assume  that  the  process  of  clotting  in  shed  blood  » 
initiated  by  the  production  of  a  new  substance,  the  throraboplaslic 
substance,  furnished  by  the  cells  or  blood-corpuscles  (pl&tes), 
but  on  one  view  this  substance  acts  as  a  kinase  which  pariicii^ttf 
directly  in  the  conversion  of  prothrombin  to  thrombin,  while  on 
the  other  view  the  substance  pemiit-s  this  conversion  to  (Kttir 
indirectly  by  neutralizing  the  opposing  anti thrombin. 

Several  other  theories  of  coagulation  are  proposed,  but  they  m  diffiedl 
fn  pxplairi  in  a  few  words.  Two  of  the  moHt  rocnnt  of  these  theories  m»y  bl 
rcfem'<l  to  briefly.  Aoc<irding  to  Xolf*  the  essentiiil  factors  of  ri^jijctiUiioft 
are  thret*  roUoids,  fibriiuigea  and  thrombojccn  furnished  hy  the  livtT  ani 
throniho/ym  dt'rived  friwn  (hr  Iciirocytcs.  These  rcilloid!*  unit*?  to  (i>rm  fihrai, 
but  ia  order  for  the  rciirriim  to  take  pliiee  cutcium  must  be  prc5»ent.  a?  aim 
niroijilMjj)hL*stie  :*ub?Jt(imt'.  Il(irdet  uni)  OeknKet  expliiin  the  fonn&tiim  *i 
thrombin  aa  due  to  a  rertetion  between  substanM-s  dcsiKnated  lis  ryl4«vui  $M 
BeTozym.  The  cytozym  iw  furniKhed  by  the  platelot*  [taid  tissues),  ft  b  Dot 
de»tn)ye<i  by  boding.  The  wrozyni  is  a  nubMlance  not  presient  in  blood,  but 
forme<l  in  some  way  after  the  bloocj  is  shed.  It  is  destroyed  by  be&tins  IA 
55°  C.  The  reaction  bctwe<»u  cytozym  aud  seroz>*m  requires  the  prnM^efd 
calcium  satte. 

Whjr  Blood  Does  Not  Clot  Within  the  Blood-vessels.— Anti- 
thrombin. — Tlu*  s|KTific  explanation  of  the  fluidity  of  thr  l»lood 
within  the  vi^ssels  must  vary,  of  courst*^  with  the  th<?ory  of  coa|;ular 
tion  that  is  adopted.  In  general,  it  may  l)e  stat4?«l  with  ronfiiienw 
that  the  circulntinp;  l>loorl  contains  no  active  thrombin,  or  at  itnA 
not  enough  to  clot  the  blood,  and  the  real  difficulty  we  have  lorx- 
j)lain  is  how  the  prothroniltin  is  ke[)t  in  an  inactive  state  through' 
out  life.  According  to  Morawitx,  everv'thing  turns  on  flic 
that  throinbokinase  is  absent.  The  fibrinogen,  prothrombin, 
calcium  are  in  solution  in  the  blood-plasma,  but  aecordiun  to 
theory  the  kinase  is  essential  to  aid  the  calcium  in  activating 
prothrombin.  Cellular  elements,  platelets,  leucocytes,  cnllm^ 
cyica  <loubtless  are  constantly  undergoing  disintegration  lu 
eireulution  and  thereby  furnish  some  kinase,  but  under  no] 
conditions  this  does  not  oerur  in  mass,  as  is  the  ease  in  shed 
The  explanation  is  logically  satisfactory,  if  we  accept  the  thcorti 
a  kinase,  although  it  d(K^s  not  accord  very  well  with  the  fan 
large  amounts  of  tissue  extracts,  containing  the  kina^sc.  may 
injected   into   the   circulation   A^nthout    producing   intravasci 

•  "Archives  tntcmationalcs  de  phvsiol.,"  6,  115,  1908. 
t  "Annalea  de  Tinstitut  Paateur/' 28,  657  and  737,  IQIX 
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iiing.  Another  point  of  view  is  that  the  prothrombin  is  kept  in- 
aod  the  nonunl  fluidity  of  the  blood  is  maiiilnined  by  the  con- 
presence  of  an  (intithrombin.  That  such  a  substance  does  exist 
blood  may  be  demonstrated  by  tlirect  experiment's.  It  has 
been  known  that  extracts  of  the  leech's  head  >ield  a  soluble 
which  has,  to  a  marked  degree,  the  property  of  preventing 
clotting  of  blood.  Tliis  substance  is  made  in  tjuantity  for 
experimental  work,  and  is  sold  under  the  mune  of  hirudin.*  It 
litfbeen  dihown  that  this  substance  prevent,s  thrombin  from  acting 
upon  fibrinogen,  and  in  this  sense,  tlierefore,  it  is  an  antithronihin. 
Moreover,  tbeineoagidabilityof  the  blood  of  a  so-called  pepttjnized 
.dDgis  due  to  the  presence  in  the  blood  of  the  same  or  of  a  similar 
liiiFUince,  which,  according  to  the  evidence  at  hand,  is  secreted 
by  the  Uver.  When  peptonize<I  plasma  is  addetl  to  a  mixture  of 
thrombin  and  fibrinogen,  the  normal  action  of  the  thrombin  is 
pRTcnted.  but  if  the  peptonizeil  pliu^na  is  first  heated  to  8*J°  and 
Ekovd  from  the  heat  coagukmi  fonru^d,  the  filtrate  no  longer  has 
I  reetraintng  influence  upon  the  action  of  thrombin.  Evidently 
tb?  io-<?alled  peptonized  plasma  contains  a  something  which  an- 
t^uoized  the  acton  of  thrombin,  and  the  antagonistic  reaction  is 
d  A  quantitative  kind,  that  is  to  say,  a  fixed  iimount  of  the  peptone 
pbsma  will  antagonize  the  action  of  a  th^finite  amount  of  throml>in. 
This  substance  in  the  peptonized  plasma  behaves  exactly  like  the 
birudin  of  the  leech  extract,  and  it  is  probablr,  therefore,  that  it  is 
ft  definite  antithrombin.  Moreover,  by  similar  experiments  with 
thr  incoagulable  plasma  of  thf  bird  or  with  tht*  oxalat4Mi  yjkisnui  of 
ihi'Hianmjal  it  can  be  shown  that  these  bloods  also  cotttaia  anti- 
thromhjn.  In  the  bird's  blunl  this  substance  is  |>n'seiit  in  larger 
imountb  than  in  the  mammalian  blood,  !)ut  the  evidence  at  hand 
Uklicat«A  that  circulating  hiood  contains  const-antly  some  anti- 
thrombin and  that  this  amttunt  may  be  in4Teiised  under  certnin 
•conditions,  for  example,  by  the  injection  of  sokitions  of  Witte's 
peptone  into  the  blcxKl-vessels.  As  regards  the  antithrombin 
PWsent  in  normal  human  blood  it  is  important  to  bear  in  mind 
«fart  that  its  action  in  antagonizing  the  thrombin  is  very  much 
KWiler  at  body  temperatures  than  at  room  tem|K*ratnres.  At 
^^out  the  IkkIv  temperature  its  activity  is  greatly  augmented. 
ID  circuhiting  blood,  fibrinogen,  prothrombin,  calcium,  and  anti- 
th^^miHn  are  pre^sent.  The  presence  of  the  antithrond)in  prevents 
tbe  activation  of  the  prothrombin,  or  if  any  is  nclivated,  prevents 
^nmm  reacting  with  the  librino^jen.  When  bIo4»d  is  shed  there  is 
•  gem'rril  breaking  down  anil  disintegration  of  the  platelets,  which 
'•wits  in  adding  two  things  to  the  blood:  first,  more  i>rothrombin; 
*^i  aeoond,  some  thrombophistie  substance  which  tends  to  neu- 
•  Fnmi,  "Archiv.  f.  exper.  Puth.  u.  Pharmak.,"  49,  342,  1903. 
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traiize  the  antithronibin.  If  the  .shod  blood  comes  into  contAi 
with  the  tissues,  fldcJitional  throiiihoplastic  material  is  adde<lwhic 
accelerates  the  process  of  thrombin  foniuititm.  From  this  poiii 
of  view,  tlierefi^re,  aiilithroiiibin  (jlays  tht»  iinjKjrtant  role  of  pni 
tecting  the  lilood  from  tlotting  within  tlic  vei>acls.  Obsen'atioa 
on  human  blood  under  nonnal  and  pathological  conditions  shoi 
that  this  substance  is  eonstantiy  present,  and  in  amoiinl-s  ihi 
seem  to  vary  within  narrow  limits.  Regarding  the  seat  of  formi 
tion  of  the  aulilhrombin,  D»'le>;cnne,  Nolf,  and  others  have  pub 
lished  experiments  which  indicate  that  it  is  formed  in  the  livei 
and  there  ia  evidence  that  it  is  produced  normally  in  the  utenn 
at  the  lime  of  menstruation.*  | 

M  eta  thrombin. — In  the  st^rum  of  lilrxyfl  nfter  dotting  reftdy-l 
formed  thrombin  exists.  On  standing  tlie  amount  of  this  thromUd 
diminishes  sometimes  quite  rapidly,  so  that  after  a  certain  timctbf 
serum  shows  little  or  no  |>ower  to  cause  the  clotting  of  a  fibrinopaj 
solution.  In  eitlier  a  frc-sh  or  an  old  serum,  if  not  kept  U)o  lotife 
the  thrombic*  power  can  l>e  very  greatly  incrcas(^d  if  it  is  treat™ 
with  an  equal  volume  of  a  decinormal  solution  of  sodium  hv« 
droxid  for  a  few  minutes  and  then  neutralized  with  acid  (FuldnnJ 
Spiro  and  Morawitz),  The  same  result  may  l^e  ol»taineii  witJ 
fre.sh  serum  by  adding  a  little  (issue  extract,  or  a  solution  of  tb 
active  substance  in  sueh  extracts  (kephnlin).  It  has  been  suggested 
therefore,  that  at  the  lime  of  el(jlting  a  portion  of  the  prothromb) 
in  the  blood-plasma  is  convertefl  into  an  inactive  form  known  I 
metathrombln,  which  may  be  activatetl  to  thrombin  by  either  of  t| 
methods  mcntionf^d  above,  A  simpler  explanation  is  that  tb 
8o-<'alIed  inetathrombin  represents  a  fombination  of  thrombin  a^ 
antitbrmnbin,  frt>m  which  the  thrombin  is  hherated  either  by  tl 
alkali  a(*tivation  or  in  the  case  of  fresh  serum  by  the  action  1 
kepharni.t 

Intravascular  Clotting. — As  is  well  known,  clots  may  fo| 
within  the  blood-vessels  in  consequence  of  the  introduction  of  f^ 
eign  material  of  any  kind.  Air,  for  instance,  that  has  gotten  i0 
the  veins,  if  not  absorbed,  may  act  as  a  foreign  substance  a| 
cause  the  same  chain  of  events  as  when  the  blood  is  shed, — name] 
the  disintegration  of  formed  elements,  formation  of  thrombin,  a| 
clotting.  So  also  when  the  internal  coat  of  a  blood-vessel  is  j 
jured,  as,  for  instance,  by  a  ligature,  the  altered  endothelial  c^ 
act  as  a  foreign  substance.  If  the  ("irculatory  conditions  are  fa\*< 
able — for  instance,  if  the  ligated  artery  causes  a  stasis  of  blood  | 


•Seo  Doyon,  "C.  r.  de  la  soc.  dp  Biologic"  1911-1912;  Schickele.  "H 
chemiHcbe  Zcitschrift,"  38,   169,   1912;  aUo  Howell,  "American 
Physiology,"  29,  187.  1911. 

t  Weymouth,  "American  JoumiU  of  Phyaiology,"  32.  2G6,  1912 
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point — there  may  be  an  agglutination  of  the  bloo<l  plates, 
ini£  III  the  injured  surface,  mu\  the  subsequent  fommtion  of  a 
flol.  Intravascular  dotting  may  also  be  prtulurtM!  by  the  injection 
of  various  substances.  From  our  knowledj^e  {>f  the  factors  con- 
eenwd  in  coagulation  we  should  suppi>se  that  the  normal  balance 
of  Uie  blood  might  be  overthrown  in  one  of  two  general  wa>'s, 
h  ■  'i  active  thrombin  or  liy  injecting  extracts  of  the  tissues 
iiii;  jM.istic  substance).     x\s  a  matter  of  fact,  intravascular 

dotting  may  be  produced  by  either  of  these  method^*,  but  experi- 
wnt*  have  developed  the  somewhat  unexpected  result  that  the 
blood  or  the  body  can  protect  itself  within  wide  limits  from  the 
rfertA  of  such  injections.  Solutions  of  pure  thrombin,  or  serum 
or  (l**ftlirinate<l  blood  coutaimug  active  thrornliin,  may  l>e  intro- 
duced into  the  circulation  in  quantities  that  outside  would  suffice 
to  dot  the  whole  mass,  and  yet  no  harm  be  done.  The  explana- 
twn  of  tliis  negative  result,  according  to  the  author's  experiments, 
Bthat  the  excess  of  thrombin  within  the  living  fmimal  causes  the 
fonnatioQ  of  a  compensatory  amount  of  antithrombin,  probably 
by  a  protective  reflex  secretion.  Tissue  extracts  or  solutions  of 
thp  prccipitat^xi  thromboplastic  substance  (Wooldridge)  cause 
I'luttiug  more  readily,  but  here ugiun  injections  of  this  kind,  instead 
d  hastening  tlie  clotting  of  lilood,  may  at  times  have  just  the 
opposite  effect,  giving  what  older  observers  called  the  ''negative 
phftse  of  the  injection."  On  the  other  hand,  when  the  coagulability 
of  the  hlood  is  diminished  experimentally  by  injecting  antithrom- 
bin  ihirudin)  directly,  or  by  causing  the  body  to  j)ro<iuce  an  excess 
of  antithrombin  within  itself  (injection  of  Witte's  peptone)  the 
rfect  soon  passes  off;  the  excess  of  antithrombin  is  removed  by 
wne  procedure  whicli  is  not  yet  undei-stood.  It  may  be  pointetl 
out  that  these  attempts  to  devise  mcthwls  by  means  of  which  the 
coagulability  of  the  Idood  may  he  controlled  have  a  practical 
bearing  in  their  apphcation  to  pathological  conditions  in  which 
the  balance  is  already  disturbe<l  in  the  direction  of  an  increased 
V  decreased  coagulability. 

Means  of  Hastening  or  of  Retarding  Coagulation. — Blood 
ttmgiilates  normally  within  a  few  minutes,  liut  the  process  may  be 
o*^ned  by  increasing  the  extent  of  foreign  surface  i^ith  which  it 
*^es  in  c»ontact.  Thus,  agitating  the  hquid  when  in  quantity,  or 
^'^^  application  of  a  sponge  or  a  handkerchief  to  a  wound,  hastens 
'  1^^  Onset  of  clotting.  This  is  eusily  unrlerstood  when  it  is  remem- 
l!^'^^  that  the  breaking  down  of  lcucoc\'tes  and  blood-plates  is 
l7**^ned  by  contact  with  foreign  surfaces.  It  has  been  proposed 
CT**  ^  hasten  clotting  in  case  of  hemorrlunge  by  the  use  of  throni- 
J^  Solutions  or  of  tissue  extracts  containing  some  thromboplastic 
^^t.ance.  Hot  sponges  or  clotlis  applitnl  to  a  wound  liasten 
30 
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clotting,  probably  by  acaelprating  the  formation  of  thrombin  cal 
the  chemical  ('hangos  of  clotting.  Coagulation  may  be  retarded 
or  be  prevented  altogether  by  a  variety  of  means,  of  which  the 
following  are  the  most  important: 

1.  By  Cooling, — This  method  succeeds  well  only  in  blood 
that  clots  slowly — for  example,  the  blood  of  the  horse,  bird,  or 
terrapin.  Blood  from  these  animals  received  into  narrow  ves^U 
surrounded  by  crushed  ice  may  J>e  kept  tluid  for  an  indefinite 
time.  The  blood  corpuseleH  soon  sink,  so  that  by  this  me&ns 
one  may  readily  obtain  pure  blood-plasma.  The  cooling  probably 
prevents  elottinf^  by  keeping  the  corpuscles  intact. 

2.  By  the  Use  of  Oiled  or  Paraffined  Vesneh. — If  blood,  when 
withdrawn  from  the  vessels,  is  allowed  to  come  into  contact  only 
with  oiled  or  paraffined  surface:*  its  clotting  is  very  much  delayed. 
Under  ordinary  conditions  blood  brought  into  contact  with 
foreign  surfaces  clotj^  rapi<lly.  Ix^eause  the  platelets  quickly  agglu- 
tinate and  dissolve,  yielding  to  the  plasma  a  supply  of  prothnmi- 
bin  and  thromhoplastic  substance.  An  oiled  or  paraffined  surfart 
is  one  which  the  lifpiid  of  the  blood  cannot  wet,  and  under  these 
conditions  the  platelets  do  not  undergo  the  rapid  change  in 
surface  properties  that  causes  them  to  break  down.  The  cannub 
used  for  drawing  the  blf)od  and  the  vessel  for  receiving  it  nvxy  be 
paraffined  conveniently  by  filling  with  a  dilute  solution  of  paraffin 
in  ether,  then  pouring  off  the  solution  and  allowing  to  dr>'  for* 
few  minutes.  In  this  way  t  he  glass  surface  is  coated  with  a  thin, 
uniform  layer  of  paraffin. 

3.  By  the  Action  of  Neutral  SalU. — Blood  received  at 
from  the  blood-vessels  into  a  si>lution  of  such  neutral  salt* 
sodium  sulphate  or  magnesium  sulphate,  and  well  mixed,  lioo 
nut  clot.  In  this  case  also  the  corpuscles  settle  slowly,  or  iher 
may  be  centrifuga!ize<l,  and  specimens  of  plasma  he  ohtiinwi 
For  thiK  purpose  horBes^  or  cats'  blood  is  to  be  preferred.  Sucfc 
plasma  is  known  as  "salted  plasma";  it  is  frequently  usfti  o 
experiments  in  coagulation — for  example,  in  testing  the  t^f^acj 
of  a  given  thrombin  solution.  The  best  salt  to  use  is  majjiicsmm 
sulphate  in  solutions  of  27  per  cent.:  1  part  by  volume  of  iHii 
solution  is  usually  mixed  with  4  parts  of  blood;  if  cats*  hKx»*i  i* 
used,  a  smaller  amovmt  may  be  taken — 1  part  of  the  solution  to 
9  of  blood.  Salted  plasiiui  or  8alte(J  blood  again  clots  wbca 
diluted  sufficiently  with  water  or  when  thrombin  solutionis  *x^ 
added  to  it.  Since  the  action  of  thrombin  on  fibrinogen  if  wo^ 
prevented  by  neutral  salts  in  these  concentrations,  while  an  o» 
lated  plasma  which  clots  readily  on  the  addition  of  calcium  '^ 
prevented  from  so  clotting  when  sodium  chlorid  or  magn^uD 
sulphat-e  is  addefl  previously  to  a  concentration  of  4  or  5  per  rent, 
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h  follows  that  in  all  probability  the  neutral  salts  exert  a  restraining 
effect  on  the  process  of  clotting  because  lht*y  prevent  or  retard  the 
Klivation  of  the  prothrombin  by  the  calcium. 

4.  By  the  Aciion  of  Oxaluie  Solulions, — If  blood  as  it  flows  from 
ibe  vessels  is  mixed  with  solutions  of  potassium  or  sodium  oxalate 
in  proportion  sufficient  to  make  a  total  strenpith  of  0.1  per  cent. 
Of  more  of  these  salts,  coagulation  is  prevented  entirely.  Addi- 
tion of  an  excels  of  water  does  not  produce  clotting  in  this  case, 
but  dilutions  of  any  soluble  calcium  salt  quickly  start  the  procesa. 
The  explanation  of  the  action  of  the  oxalate  solutions  is  simple; 
ibcy  are  supposed  to  precipitate  the  calcium  as  insoluble  calcium 
oiulatc. 

5  By  the  Action  of  Sodium  Fluorid. — Blood  drawTi  directly  into 
imlution  of  sodium  fluorid  doc^  not  clot.  It  is  be^t  to  use  a  3  per 
cent,  solution  of  the  fluoride  and  to  take  1  part  of  the  solution 
to  y  parts  of  blood.  Addition  of  thrombin  to  this  fluorid 
blood  causes  clotting,  while  calcium  salts  are  usually  stated  to  be 
tilhoul  effect.  As  a  matter  of  fact,  calcium  saltj^  cause  a  pre- 
npiiate  of  a  portion  of  the  protein,  and  if  addetl  cautiously  in 
excess  they  induce  clotting,  as  in  the  ease  of  the  oxalated  blood. 
Tb'  fluori<l  plasma  may  be  iiia<ie  to  clot  als<j  by  dialysis.  We 
may  U'lieve  that  the  fiuurirl,  like  the  oxalate,  prevents  clotting 
by  removing  the  calcium.  The  calcium  is  not  precipitated,  but  is 
Mil  bound  as  a  fluorid  in  combination  with  a  portion  of  the 
protein  (Rettger),  Coiigulation  is  pn'venteil  in  a  similar  way  by 
solutions  of  sodium  citrate  or  wodiuni  metnphtjspiiate.  In  the 
Otfp  of  the  citrate  use  a  2  per  cent,  solution  and  take  1  part  to  4 
of  the  blood. 

6.  By  the  Injection  of  Certain  Organic  Substances. — There  are  a 
number  of  substances  which  when  injected  into  the  blood  retard 
Of  prevent  itjs  coagidation.  For  instance,  solutions  of  oniinari' 
pRpantions  of  pepsin,  tn'j>sin,  peptone,  snake  venom,  leech 
**^t«,  etc.  Snake  venom  may  be  wonderfully  pc>tent  in  this 
P^ticular;  it  is  stated  that  so  little  as  OXKMM)!  ^tn.  to  each  kilogram 
^*ruinal  suflfices  to  tlcstroy  the  coagulability  of  the  blood.  Of 
^**^  various  bodies  solutions  of  j>eptone  have  received  the  most 
^^^tition  from  investigators.  Peptone,  as  usually  obtained  by 
tion  experiments,  Ls  in  reality  a  mixture  of  prot  oses  and 
When  injected  into  the  circulation  in  tlie  pmr>ortion  of 
^Tn.  to  each  kiU)graiii  of  animal  the  coagulability  (»f  the  blood  is 
tly  diminished  for  a  brief  period  of  half  an  liour  or  more. 
lowever,  such  solutions  are  adtled  to  fresh Ij'  tlrawn  blood 
:ereise  no  influence  upon  the  coagulation.  Evidently, 
fore,  when  injected  into  the  blood  they  provoke  a  reaction  of 
e  sort,  the  product*  of  which  prevent  coagulation.     There  is 


is 


^68 


'BLOOD   AND   LYMPH. 


(*vi*Ience  to  show  that  this  reaction  takes  place  in  the  liver,  and  in 
lufordance  vvitli  this  view  it  is  found  that  much  smaller  quantities 
of  the  i)eptone  solution  suffice  to  give  a  delaytnl  coagulation  when 
injui'ted  directly  into  tht*  portal  vein.  As  stilted  in  the  pr^ 
cedinji  parn^niphs,  the  lilnod  of  the  |>eptonized  animal  show* 
upon  examination  the  prei^ence  of  an  increased  amount  of  anti* 
thrombin,  and  di^Kil>tles>s  the  loss  or  dhninution  in  the  coagul*- 
bility  of  the  blood  is  due  to  the  excess  of  this  substance.  We  may 
believe,  therefore,  that  the  peptone  solution  has  in  some  way,  di- 
rectly or  indirectly^  stimulated  the  lK>dy  to  prtniuee  antithromhin. 
Pick  antl  *Spiro*  havo shown  that  this  action  of  |>eptone  solutione  is 
not  due  to  the  peptone  or  the  albumoses  contained  In  it.  \STiett 
obtained  in  purified  form  these  substances  have  no  such  effect. 
They  attribute  the  action  to  a  substanee,  derived  probably  from 
the  tissues  us<h1  in  the  preparation  of  the  jieptone,  and  for  wbich 
they  suggest  the  name  of  pepto^ym. 


In  obtaining  Bo-ralled  peptone  plasma  by  injocting  solutiou  of 
peptone,  of  the  fftrcnzth  natntKl,  into  the  artericH  of  a  dou;  ti  happens  an 
thai  a  negative  rfiHuIt  is  obtained.  Some  specimens  of  Witto  s  peptooe  art 
effective  and  some  are  not.  This  faet  aeconla  with  the  resuhfi  of  the  irnTrt*- 
gntion  maile  by  Pick  ami  Spiro  in  intJicalitif!;  thai  the  reaction  is  not  dur  U>tiM 
peptone:^  or  proteospy,  but  to  some  unknown  coiwtituenl  present  which  ni»yb» 
regarded  as  an  impurity. 

T^pch  extracts  differ  from  solutions  containing  peptof.vin  io 
that  they  ]:>revent  the  clotting  of  the  blood  when  added  to  it  out^ 
sifle  the  body.  They  evidently  contain  already  formed  a  sul»stawe 
whose  action  prevents  coagulation.  This  subst-ance  is  secrete*!  by 
th*'  siilivary  glands  of  the  leiM^h.  It  has  been  prepared  frtHn  tbi 
glandu  in  a  more  or  less  pure  form,  and  is  designated  as  hvnuhi^ 
It  is  a  body  I>elonging  apparently  to  the  groups  of  alburaoees  and 
is  supposed  to  antagonize  the  action  of  thrombin.  As  stated  aborti 
hirudin  i.s  proba)»ly  identical  with  (tr  similar  to  the  antithromba 
whicli  occurs  normally  in  circulating  l>lood. 

Total  Quantity  of  Blood  in  the  Body. — The  total  quantity  ol 
blood  in  the  body  has  been  determined  approximately  for  mia 
and  a  number  of  the  lower  animals.  The  method  (Wdr! 
used  in  such  rleterrninations  consists  essentially  in  first  bl( 
the  iiniiual  as  thoroughly  as  possi!>le  and  weighing  the  qu*n1 
of  blood  thus  obtained,  and  afterward  washing  out  tlie  bli 
vessels  with  water  and  estimating  the  amount  of  heuioglobin 
in  the  washings. 

GiV'hant  ("Journal  de  I'Anat.  et  dc  PhvsioL."  1882.  56«  i 

other  methoti  which  may  l>c  used  up<jn  i\ie  tiving   aniniM, „.. 

ipecimen  of   blood  is  taken  from  the  animal  and  the  volume  pff  Ml 
oxygen  is  determined  by  extraetion  with  a  ga>4-pump.     The  r '  " 

•  *'Zcit8chrift  f.  phywol.  Chemie."  31,  235,  1900. 
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_  i>to  breathe  a  known  volume  of  carbon  monoxid  for  a  certain  time,  and 
\  toUl  amount  of  this  carbon  monoxid  that  is  absorbed  is  a^ert^iined  by 
ualyna.  A  second  specimen  of  blood  is  thfn  taki>n  and  its  volurtip  per  cent. 
inoxynen  ia  again  determined.  The  differcmce  lji'twei*n  this  volume  per  rent. 
ofoxyreo  and  that  obtained  before^  the  adminietration  of  the  carbon  monoxid 
ptm  tlie  volume  per  cent,  of  carbon  monoxid  in  the  blood,  *»ince  the  latter 
gu  displaces  an  eoual  volume  of  oxygen.  If  the  tcUid  amount  of  carbon 
noDOxid  absorbed  by  the  blood  ia  incfieat^d  by  V  and  the  volume  per  cent., 
tiau  is,  the  number  of  c.c.  to  each  100  c,c.  of  blood,  is  indicated  by  v,  then  the 

total  quantity  of  the  blood  will  be  given  by  the  formula  —  -  100. 

r 

TTie  average  results  obtained  from  numerous  experiments  are 
i  follows:  The  ratio  of  weight  of  blood  to  weight  of  body  is,  in  the 
,  7.7  per  cent.;  rabbit  and  cat,  5  per  cent.;  birds,  10  per  cent. 
(^  uma  we  have  upon  record  two  detenuiiuitioiis  on  jiuillotined 
pnn\inals  made  by  BischofT.  whith  gave  7.7  and  7.2  per  cent. 
Huldiine  and  Smith,*  however^  have  devi&ed  a  modification  of 
Gr^hant's  carbon  monoxid  method,  which  they  have  applied  to 
K^ing  men.  The  ref>ults  of  some  74  experiments  p;ave  them  an 
tverage  Value  of  only  5  per  cent,  for  man.  The  distribution  of 
this  blood  in  the  tissues  of  the  b4}dy  ut  any  time  has  Ijeen  esti* 
mated  by  Ranke.f  from  experiments  on  freshly  killed  rabbits,  as 
foUowe: 

Spleen 0.23  per  cent. 

Brain  and  cord 1.24  "  " 

Kidneys 1.63  "  " 

Sltin.." 2.10  "  " 

Intestines 6.30  "  " 

Bon€« 8.24  "  " 

Heart,  lungs,  and  great  blood-vessels 22.76  "  " 

Resting  muscles 29.20  "  ** 

Liver 29.30  "  '* 

It  viW  be  seen  from  inspection  of  this  table  that  in  the  rabbit  the 
l^kxxi  of  the  body  is  distributed  at  any  one  time  about  aa  follows: 
One-fourth  to  the  heart,  lungs,  and  great  blood-vessels;  one-fourth 
to  the  liver;  one-fourth  to  the  resting  muscles;  and  one-fourth  to  the 
Vemaining  orgaas. 

Regeneration  of  the  Blood  after  Hemorrhage. — A  large 
ri:>rfion  of  the  entire  qiianlitv  of  blood  in  the  body  may  be  lost 
wiiddenly  by  hemorrhage  without  producing  a  fatal  result.  The 
^tent  of  hemorrhage  thjit  may  be  recovered  fnun  safely  has  been 
invtstigated  upon  a  numbt^r  of  animals.  Although  the  results 
show  more  or  less  individual  variation,  it  may  l>e  said  tliat  in  dogs 
*beinorrhagp  of  from  2  to  3  per  cent,  of  the  body-weight  {  is  re- 

MUldanc  and  Smith.  "Journal  of  Physiology."  25,  331,  1900;  also  Zuntz 
«i4Pl0tacfa.  "BiochcmischeZeit^rhrift;'  47.  I90S. 

t  Taken  from  Vierordt's  **Anatomi.s(:he,  phvHiologische,  und  physikalische 
I^lBi  and  Tabellcn."  Jena,  1893. 

tPrederic,  '*Tnivaux  du  Laboratoire"  (University  de  Li^gc),  1,  189,  1885. 
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^H             covered  from  easily,  while  a  loss  of  4.5  per  cent.,  more  than  half 
^H             the  entire  blooJ,  will  probably  prove  fatal.    In  cats  a  hemorrhap 
^H              of  from  2  to  3  per  cent,  of  the  l)ody-weight  is  not  usually  followed 
^H              by  a  fatal  reanlt.    Just  what  percentage  of  loss  may  be  t>ome  by  the 
^H              human  being  has  not  been  detcmuned,  but  it  is  probable  that  i 
^H             healthy  individual  may  recover  without  serious  difficulty  from  the 
^H             loss  of  a  quantity  of  blood  amounting  to  as  much  as  3  per  cent  of 
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Vig.  187. — To  show  the  effeet  nf  hemorrhaRe  upon  the  rmmlipr  of  rwl  »&d  ■WMj^  ^M 
pusclaa  and  itw  amount  of  hcmnelobin. — (/Mirnofi.)     The  onlinnte^  ^\pi««  ^  *^f2^H 
of  comnwien  and  aWi  the   p<»rc*ntagwi  of   hemo^l;ihin  a*  ^tatnl  in  the  tirurM  lo  ''M^^l 
('                            The  afwciMax  (rive  tho  ilnv*  after  hemorrhaire.     The  experiment  waa  made  ujmo  •  '■J^^^Hi 
R  1  kicma.     T)m  herm.rrhaKe.  which  U«teJ  2.3  minuli-s,  wx*  equal  lo  CS  per  eenl.  ^*^^^M 
body-weight.     An  equal  amount  of  phyMoloKical  naline  (NaO,  O.S  per  eMil.)  «w  aji^^H 
immatiialely.                                                                                                                                           V 

the  l>ody-weiKht.     It  is  known  that  if  liquids  that  arc  isotonic  to  ■ 
the  blood,  such  as  physiological  saline  (NaCl,  0.7  to  0.9  pcrreol.)  ■ 
or  Ringer's  solution,  are  injected  into  the  veins  immediately  JifW  ■ 
a  severe   hemorrhage,  recover}'   is   more   certain ;   in    fact,  it  ■  ■ 
possible  by  this  inetins  to  restore  persons  aft«r  a  hemorrhage  ^^^M 
,                would  otherwise  have  been  fatal.     By  an  infusion  of  this  ^^^H 
i                   particularly  if  at  or  somewhat  above  the  body  tempemttire,  ^^B' 
heart  beat  is  increased,  the  volume  of  the  circulating  l^"^£j|  ■ 
brought  to  an  amount  sutficient  to  maintain  approximately  uonnij  ■ 
comlitiuns  of  pressure  and  velocity,  and  the  red  corpuscles  thatsW  ■ 
remain  are  kept  in  more  rapid  circulation  and  are  thus  utiUzed  n»rt  ■ 
completely  as  oxygen  carriers.     If  a  hemoi iliage  has  not  been  ffttA  ■ 
experiments  on  lower  aninmls  show  tliat  the  plasma  of  the  blood  i  ■ 
regenerated  with  some  rapidity,  the  blood  regaining  iU  normal  w  ■ 

^-^^^                                                        1 
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time  within  a  few  hours  in  slight  hcmorrhaKcs,  aud  in  from  twenty- 
four  to  forty-eight  hours  if  the  loss  of  blood  has  been  severe;  but 
the  number  of  red  corpuscles  and  the  hemoglobin  are  restored 
more  slowly,  getting  back  to  normal  only  af  t^r  a  niimbor  of  days  or 
ifter  several  weeks.  The  accompanying  curves  illustrate  the  results 
of  a  severe  hemorrhage  (4.3  per  cent,  of  the  body-weight)  followed 
by  transfusion  of  an  equal  volume  of  physiological  saline.  So  far 
aathe  red  corpuscles  and  the  amount  of  hemoglobin  are  concerned, 
it  H*ill  be  noticed  that  the  large  sudden  fall  from  the  hemorrhage, 
Sm  day,  is  followed  by  a  slower  drop  in  both  factors  during  the 
Koond  and  third  days.  This  latter  phenomenon  constitutes  what 
is  known  as  the  posthemorrhagic  fall.* 

Blood-transfusion. — vShortly  after  the  discovery  of  the  circu- 
lation of  the  blood  (Harvey,  1G28),  the  operation  wa.s  introduced 
of  transfusing  blood  from  one  individual  to  another  or  from  ^ome 
of  the  lower  animals  to  man.  Extravagant  hopes  were  held  as  to 
the  value  of  such  transfusion  not  only  as  a  means  of  replacing  the 
blood  lost  by  hemorrhage,  but  also  as  a  cure  for  various  infinnities 
hl|d  diseases.  Then  and  subsequentl\'  fatal  as  well  as  successful 
Malts'  followed  the  operation.  So  far  a»  the  use  of  the  blood  of 
Another  animal  is  concerned,  it  is  now  known  to  be  a  dangorou.s 
Undprtaking.  mainly  because  the  serum  of  one  animal  may  be 
toiic  to  another  or  cause  a  destruction  of  its  blood  corpuscles. 
Owing  to  thi^  hemolytic  and  toxic  action,  which  h!is  previously 
been  referred  to  (p.  423),  the  injection  of  foreign  blood  is  likely  to 
be  directly  injurious  instead  of  beneficial.  In  human  surgery 
tnoflem  technic  (Carrel)  has  overcome  some  of  the  thfficuUies 
foraierly  encounterd  in  the  transfusion  of  bloo(i  from  one  human 
being  to  another.  Anastomoses  msiy  be  made  between  the  i>iood- 
Vesseli?  of  the  "donor"  and  the  '*reci]nent,*'  so  that  the  blood  passes 
froni  one  to  the  other  without  coming  into  contact  with  a  foreign 
surface  and,  therefore,  without  (hitiger  of  roaguhition  or  the  for- 
mation of  thrombin.  Other  simpler  methods  are  used  success- 
fully for  the  same  purpose.  For  examyyle,  the  blood  may  be  taken 
from  the  vein  of  a  "donor"  with  a  syringe  and  immediately  intro- 
ducefl  into  the  vein  of  the  "reci[>iciit."  Such  methods  o(  trans- 
fusion are  U-sckI  ver>'  frequently  ;it  the  pres<nit  time  and  often  with 
results.  In  cases  of  luss  i>f  blood  from  severe  hemorrhage 
^einipler  and  asually  quite  sufficient  to  inject  a  neutral  liciuid, 
the  .so-called  "physiological  salt  solution" — a  solution  of 
cliiorid  (>f  such  a  strengtli  (0.7  to  O.'J)  as  will  sufl&cc  to 
ent  hemolysis  of  the  red  corpuscles. 

•  Dawson,  "Amorican  Journal  of  Physiology,"  4,  1,  1900. 
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COMPOSITION  AND  FORMATION  OF  LYMPH. 

Lymph  is  a  colorless  liquid  found  in  the  Ivmph-veagela  a«  w4 
&8-in  the  extra vaacular  spaces  of  the  body.  All  the  tissue  elemcDti, 
in  fact,  may  be  regarded  as  being  bathed  in  lymph.  To  undersUod 
its  occurrence  in  the  botJy  one  has  only  to  \)e&T  in  mind  its  method 
of  origin  from  the  blood.  Throughout  the  entire  \x)dy  there  is  & 
rich  supply  of  blood-vessels  penetrating  every  tissue  with  the  ex- 
ception of  the  epidermis  and  some  epidermal  stnictures,  as  theoails 
and  the  hair.  The  plagrna  of  the  blood,  by  the  action  of  physical  or 
cliemica!  processes,  the  details  of  which  are  not  yet  entirely  under- 
stood, makes  its  wav  through  the  thin  walls  of  the  capiilariea,  and  is 
thys  broLjght  i"t'^  irnmediate  contact  with  \h^,  tiiff"'ft«,  to  which  it 
briuKs  the  nourishment  and  oxygen  of  the  blood  and  from  which  b 
reiiitjves  the  waste  producta  of  metaboliflm.  This  extravaecuiar 
lvmpIii:vLoIlect^d  into  small  capillary  spa^^Jr  which  in  tumopeirlntfi 
dpfinitp  lymphRfir  va^tau^liT  It  Jfi  still  a  fjuestioir~among  lUe  iTir 
tologifits  whether  the  lymph- vessels  fomi  a  closed  system  or  aw  in  i 
direct  auatoinical  connection  with  the  tissue  spacer.  Modefn 
work*  supports  the  view  thiit  the  lymph  capillaries  are,cl><ffi 
vft^f^p.l.s  {^ii]ii[i^in  structure  to  the  hiuiKi  cttpdlarica.  They  rntl 
in  tl^f^  |j<;t;np<i  fTAnf^fMllv  ll^|f^rp^nf>t  in  open  communicali'tn  with 
the  spaces  between  the  cellular  elements  or  with  the  larger  srrott! 
cavities  between  the  folds  of  the  peritoneum,  pleura,  etc,  'ir 
with  the  si>aces  between  the  nieniageal  niemhranes  surroumiinj 
the  central  nervous  system.  From  the  physiological  htaiulfx'inl. 
however,  the  liquid  in  these  latter  cavities,  the  cerebn«*piB*l 
liquid  and  the  liquid  bathing  the  tissue  elements,  must  be 
regarded  as  a  part  of  tiie  «:eut'ral  supply  of  lymph  and  a3  l>cin^ 
in  communication  with  the  litjuid  contained  in  the  Ivmpb- 
vessels.  That  is  to  say,  the  water  and  the  dissolved  sul)6lanre5 
contained  in  the  tissue  spaces  interchange  more  or  less  freelj 
with  the  lyrnph  proper  found  in  the  formed  lymph-vessels.  The 
lymph- vessels  unite  to  form  larger  and  larger  trimks,  rnakiaf 
eventually  one  main  trunk,  the  thoracic  or  left  lymphatic  duct. 

•See  Sahin,  '\\nnprican  Journal  of  Anatomy,"  1,  367,  1902.  and  3,  lA 
1904:  bIko  "r.pnfml  and  StM^inl  Anatomy  of  the  Lymphatics,"  from  J*o«n« 
and  (.'hurpy,  trun-slatcd  by  Leaf,  1904. 
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lad  a  second  smaller  right  lymphatic  duct,  which  open  into  the 
I  blwxl-vesseU,  each  on  its  own  side,  at  the  junction  of  the  sub- 
fk\wx  and  internal  jugular  veins.   While  the  supply  of  lymph 
io  ihe  lymph-vosseis  may  be  considered  as  being  derived  ulti- 
mitely  entirely  from  the  hloud-pliLsniu,  it  is  well  to  heur  in  mind 
ib&t  at  any  given  moment  tliis  supply  may  be  altered  by  direct 
ioterchaage  with  the  plasma  on  one  side  and  the  extravascular 
lymph    permeating    the    tissue    elements    on    the    otlier.     The 
btnvascular    lyiuph    may    be    augmented,  for  example,  by  a 
flow  of  water  from  the  blood-plasma  into  the  lyinph-spaces,  and 
tteace  into  the  lymph-vessels,   or  by   a  flow  from  the  tissue 
1  elementfl  into  the  lymph-spaces  that  surround  them.    The  lymph 
naoventent  is  from  the  tissues  to  the  vein^^,_juid  the  flow  is  main- 
uinycf  i;tp'*^^y  ^V  ♦hfl  Hiffftrence  in  pressure  betwftfin  thft  lymph 
n  ita  origin  in  the  tissues^and  in  the  large  lymphatic  vessels. 
The  continual  formation  of  lymph  in  the  tLssues  leads  to  the 
development  of  a  relatively  high  pressure  in  the  lymph  capil- 
Ivies,  and  as  a  result  of  this  the  lymph  is  forced  toward  the 
point  of  lowest  pressure — namely,  the  points  of  junction  of  the 
lATge  lymph-ducts  with  the  venous  system.     A  brief  discussion 
of  the  factors  concerned  in  the  movement  of  lymph  will  be  found 
ilk  the  section  on  Circulation.     As  would  be  inferred  from  its 
origiii,  the  composition  of  the  intravascular  lymph  is  essentially 
the  same  as  that  of  blood-plasma.     It  contains  the  three  blood 
protelas,  the  extractives  (urea,  fat,  lecithin,  cholesterin,  sugar), 
Wid  inorganic  salts.     The  salts  are  found  in  the  stxme  p'ropor- 
tkms  as  in  the  plasma;   the  protrins  are  usually  stated  to  l>e 
fee  in  amount.     Histological  cxaminatiou  shows  that  tire  lymph 
coDt^na  many  leucocytes  almost  all  of  which  belong  to  the  group 
rf  flmall    lymphocytes.     Red    corpuscles    are    frequently    found, 
wpprinlly  when  the  flow  of  lymph  liiis  l>eon  stimulated  by  arti- 
ficial means.     It  is  l)elieved  usually  that  these  red  corpuscles  are 
""'  a  rionnal  or  constant  element  oi  the  lymph,  but  represent,  so 
'**  ^jx'ak,  an  accidental   const  it  uent.     When   red   eorpuscles  for 
'^^y  reason  get  through  the  capillary  walls  into  the  tissue-ypacc^ 
tiey  j^rp  jjathered  up  in  the  lymph-stream.     Blood-]>latelets  seem 
*«r>o  entirely  lacking.    Lymph,  like  liliirxl,  roHKulates  when  removed 
"^>ii  the  lymph-vessels.     Ordinarily  the  elotting  is  slower  thim 
.    *-^»  blood,  and  the  elot  is  not  so  firm.     If,  however,  tissue  extract 
"*  *<ided  to  the  lymph,  it  clots  rapidly  and  firmly.     Chemical  ex- 
,*^itiation  shows  that,  like  the  blood,  the  lymph  contains  fibrinogen, 
•^^^"t^ombin,  antithmmbin.  and  eulcium  salts.     When  collected 
J  ^tatut   contamination    with  tis.sue-juiee,  its  slower  ami  feebler 
J^^ting  as  compared  witii  the  blood  may  Ix^  explained  by  the 
^^*^^nce  of  the  bkK)d-phite!ets.     The  composition  of  the  exuda- 
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live  liquids  of  the  body,  such  as  the  pericardial  liquid,  the  syno- 
vial liquifl,  the  aqueous  humor,  the  cerebrospinal  liquid,  etc., 
which  are  soinetimes  ela.ssed  under  the  general  term  "lymph."  may 
van'  j^reatly;  thus,  the  cerebrospiual  Uciuid  possesses  no  morphiK 
logiral  elements,  contains  no  fihrinoRen,  and,  therefore,  does  do( 
clot,  and,  indeed,  lias  i>nly  minute  traces  of  protein  of  any  kind. 

Formation  of  Lymph. — The  careful  researches  of  Ludwig  and 
his  pupils  were  fonnerly  believed  to  prove  that  the  lymph  is  derix-nl 
directly  fn>m  the  plasrtia  of  the  bltKn]  mainly  by  filtration  throuj^b 
the  capillary  walls.  EinphiisLs  was  luiti  on  the  undoubte<l  fact  that 
the  blood  within  the  capillaries  is  under  a  pressure  higher  than  Uul 
prevailing  in  the  tissues  outside,  and  it  was  supposed  that  this  exeoa 
of  pressure  is  sufficient  to  squeeze  the  plasma  of  the  blood  through 
the  very  thin  capillary  walls.  Various  conditions  that  alter  the 
pressure  of  the  I)lood  were  shown  tu  influence  the  amount  of  lymph 
formetl  in  accordance  with  the  demands  of  a  theory  of  hitratiim. 
Moreover,  tlie  comfw^sition  of  lymph  as  usually  given  seems  U) 
port  such  a  theon%  inasmuch  as  the  inorganic  salts  contAined 
are  in  the  same  concentration,  Aj)proximately,  as  in  blood-pUsnuT 
while  the  proteins  are  in  less  concentration,  following  the  woU- 
known  law  that  in  the  filtration  of  colloids  through  animal  mein- 
branes  the  filtrate  is  more  dilute  than  the  original  solution.  Thii 
simple  and  apparently  satisfactory  theor>-  has  been  subjected  to 
critical  examination  within  recent  years,  and  it  has  l>een  shown  that 
filtration  alone  does  not  suffice  to  explain  the  composition  of  tk 
lymph  under  all  circumstances.  At  present  two  divergent  vip« 
are  held  upon  the  subject.  Aprj^rtiinir  \p  uninp  ph>7ik?liV"  '  ''' 
the  facts  known  with  regard  to  the  comptjsition  of  lympii 
satisfactorily  explained  iT^U  Hiipfxwti  that  this  hqmd  is  ieruit^l 
from  blood-plasma  by  the  comljined  action  of  the  physical  prr>^ea«ft 
of  jjlxatkuit  4iffusiiiii»  and  ^smosis^  According  to  ottiersTil  * 
l)eiieved  that,  in  tui<litlon  to  filtration  and  diffusion^  ij  is  neceaaiy 
to  iiasuntc  an  aclive  serieturv  tii-iHT'ss  i>o  tlie  p^^  pf  the  eDd6tt^ 
lial  cells  con)]>osinK  the  capillary  walls.  The  actual  condition  of  o«r 
knowleilge  of  the  subject  (ilia  ha  presented  most  easily  by  hntHj 
stating  some  of  the  objections  that  have  been  raised  by  Heideniaitt* 
to  a  pure  filtraUon-an<l-diffusion  theory,  and  indicating  how  the« 
objections  have  l)een  met. 

1.  Heidenhain  showed  by  sim  file  calculations  that  an  impos&ibk 
formation  uf  lymph  would  be  required,  upon  the  filtration  theory, 
to  supply  the  chemical  neetls  of  the  organs  in  various  organic  and  in* 
organic  constituents.  Thus,  to  take  an  illustration  that  has  t««B 
much  discussed,  one  kilogram  of  cows'  milk  contains  1.7  gms.  OO 
and  the  entire  milk  of  twenty-four  hours  would  contain,  in  n>uwl 
•  "Archiv  f.  die  (cesammte  Phyaiolope,"  49.  209.  1891. 
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ibers,   42.5  gms.   CaO,     Since   the  lymph  contains   normally 

it  0.18  part  of  CaO  per  thousand,  it  would  require  236  liters  of 

iph  per  day  to  supply  the  necessar}^  Ca(J  to  the  mammary  glaadB. 

ihain  himself  suggests  that  the  difliculty  in  this  case  may  be 

bv   assuming   active   diffusion   processes   in  connection  with 

filiation.     If,  for  instance,  in  the  case  cited,  we  suppose  that  the 

etlcluin  of  the  lymph  is  quick!}'  combined  by  the  tissues  of  the  mam- 

,Btfy  gland,  then  the  diffusion  tension  of  calcium  salts  in  the  tissue 

he  kept  at  zero,  and  an  active  diffusion  of  calcium  into  the 

iph  will  occur  so  long  as  the  gland  is  secreting,     la  other  words, 

gland  will  receive  its  calcium  by  much  the  same  process  as  it 

Ives  its  oxygen,  and  will  get  its  daily  supply  from  a  compara- 

Uvrly  small    bulk   of   lymph.     Strictly   spt^aking,    therefore,   the 

difficulty  we  are  dealing  with  here  shows  only  the  insufficiency  of  a 

pun*  filtration    theory.     It    seems    possible    that    filtration    and 

diSosioa  together  would  suffice  to  supply  the  organs,  so  far  at 

leutas  the  diffusible  substances  are  concernetL 

1  Hejtlpphain   {fium\   t-hftt.  occlii^if>n   of   thp  infprinr  vf^na  Pftva. 

UMpn  nnt  onlv  an  inrre-'*^  '"  ''^*^  *^'"''  "^  ivng^*^ — as  might  be  ex- 
Igjed.on  the  filtration  theory,  from  the  coiLsequent  rise  of  pTe^uTe 
in  ibe  capillar^'  regions — but  also  an  increased  concentration  in  the 
tufcentagc  of  protein  in  the  IvtnfJK  This  latter  fact  has  been 
■tirfactorily  explained  by  the  experiments  of  Starling*  Accord- 
ing to  this  obsen'er,  the  lymph  formed  in  the  liver  is  normally  more 
waeenlrated  than  that  of  the  rest  of  the  body.  The  occlusion  of 
the  vena  cava  causes  a  marked  rise  in  the  capillary  pressure  in  the 

I  liver,  and  most  of  the  increased  lymph-flow  under  the^e  circura- 
sUaees  comes  from  the  liver;  hence  the  greater  concentration. 
The  results  of  this  exjjeriment,  therefore,  do  not  antagonize  the 
filtmtion-and-diffusion  theory. 

3,  Heidenhain  discovered  that  extracts  of  various  substances, 

vhich  he  designated  as  "lymphagogues  of  the  first  cLiss,"  cause  a 

n^ed  increase  in  the  flow  of  lymph  fn>m  the  thoracic  duct,  the 

(^'iiph  being  more  concentrated  than  normal,  iind  the  increased  flow 

continuing  for  a  long  jwriod.     Neverthelevss,  the^se  substances  cause 

,^^,  if  any,  increase  in  general  arterial  pressure;  in  fact,  if  injected 

^^iifficient  quantity  they  produce  usually  a  fall  of  arterial  pressure, 

^^  substances  belonging  to  this  class  comprise  such  tilings  as  pep- 

^^e,  egg-albumin,  extracts  of  liver  and  intestine,  and  especially 

^tnacts  of  the  muscles  of  crabs,  crayfish,  mussels^  and  leeches. 

**fe»<ieahain    supposed    that    these    extracts    contain    an    organic 

*"->3tance  which  acts  as  a  specific  stimulus  to  the  endothelial  cells 

^^  t,l»e  capillaries  and  increases  their  aecrett^n'  action.     The  results 

^^  t-ke  action  of  these  substances  has  lx»en  differently  explained  by 

•  ''Journal  of  Physiolog>', "  16,  234,  18»4. 
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those  who  are  unwilling  to  believe  in  the  secretion  theor>'.  Starling* 
Hnds  experimentally  that  the  increased  flow  of  lymph  in  this  caae.M 
after  obstruction  of  the  vena  cava,  comes  mainly  from  the  Utw. 
There  is  at  the  same  time  in  the  portal  area  an  increased  pressm 
that  may  account  in  part  for  the  greater  flow  of  lymph;  hut.  siim 
this  effect  upon  the  i>ortal  pressure  last,s  but  a  short  time,  while 
the  greater  flow  of  lymph  may  continue  for  one  or  two  hours,  ilJi 
obvious  that  this  factor  alone  does  not  suffice  to  explain  the  i 
of  the  injections.  Starling  suggests,  therefore,  that  these  extn 
act  pathologically  upon  the  blond  rapilLirieP.  particularly  thua 
the  liver,  and  render  them  more  permeable,  so  that  a 
quantity  of  concentrated  lympli  flows  through  them.  Starlii 
explanation  is  supported  by  the  experiments  of  Popoff.f  Accorfling 
to  this  ol)ser\'er,  if  the  lymph  is  collected  simultaneously  from  the 
lower  portion  of  the  thoracic  duct,  which  conveys  the  lymph  from 
the  abdominal  organs,  and  from  the  upper  part,  which  contains  the  I 
lymph  from  the  head,  neck,  etc.,  it  is  found  that  injection  cf 
peptone  increases  the  flow  only  from  the  abdominal  organs.  PopofI 
finds  also  that  the  f^eptone  causes  a  (HIatation  in  tlie  inteetiiul 
circulation  anil  a  marked  rise  in  the  portal  pressure.  At  the  aftooe  | 
time  there  is  some  evidence  of  injury  to  the  walls  of  the  hk)od- 
vessels  from  the  occurrence  of  extravasations  in  the  intestine.  As 
far,  therefore,  as  the  action  of  the  lymphagogues  of  the  first  claasb 
concerned,  it  may  he  said  that  the  advocates  of  the  filtration-ami- 
diffusion  theory  have  suggested  a  plausible  exphination  in  acconi 
with  their  theory.  The  facts  emphasized  by  Heidenhain  witk  I 
regard  to  this  class  of  substances  do  not  compel  us  to  assutne  i 
secreton-^  function  for  the  endothelial  cells.  | 

4.  Injection  of  certiiin  crystalline  substances — such  as  sugar, 
sodium  chlorid  and  other  neutral  salts — causes  a  marke<i  incpetff 
in  the  flow  of  lymph  from  the  thoracic  duct.  The  lymph  in  thosf 
cases  is  more  <lilute  than  ncjnnal,  and  the  blood-plasma  also  becomei 
more  water>*,  thus  indicating  that  the  increase  in  water  comes  fxofli 
the  tissues  themselves.  Heitienliain  designated  these  bodies  » 
'Mymphagogues  of  the  second  class."  His  explanation  of  theif 
action  Ls  that  the  crystalloid  materials  introduced  into  the  blood  *l» 
eliminated  by  the  secretory  activity  of  the  endothehal  cells,  and  th»t 
they  then  attract  water  from  the  tissue  liquid,  thtis  augnientint 
the  flow  of  lymph.  These  substances  cause  but  little  ch»nge  ia 
arterial  blood- pressure;  hence  Heidenhain  thought  that  thegrcatir 
flow  of  lym[)[»  can  not  be  explained  by  an  increase^i  filtration- 
Starling  J  has  shown,  however,  that,  although  these  bodies  may  out 

•  "Journal  of  Physioloisy."  17,  30.  1894. 

t  "Ceiitralblutt  f.  Phywiologie,"  tt.  No.  2,  1895. 

t  Loc.  cit. 
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uflly  alter  general  arterial  pressure,  they  may  greaUy  augment 
capillary  pressiare,  partitnilarly  in  the  aijiiominal  organs.  His 
LOation  of  the  greater  flow  of  lymph  in  these  cases  is  aa  follows: 
their  injection  into  the  blood  the  osmotic  pressure  of  the  cireu- 
5  fluid  is  largely  increased.  In  consequence  of  this  increase 
r  is  attracted  from  lymph  and  tissues  into  the  blood  by  a  process 
imoeis,  until  the  osmotic  pressure  of  the  ciirulating  fluid  is 
red  to  normal.  A  condition  of  hydremic  plethora  is  thereby 
need,  attended  ^^-ith  a  rise  of  pressure  in  the  capillaries  generally, 
;iaUy  in  those  of  the  abdominal  viscera.  This  rise  of  pressure 
>e  proportional  to  the  increase  in  the  volume  of  the  blood,  and 
fore  to  the  osmotic  pressure  of  the  solutions  injected.  The 
>f  capillarv'  pressure  causes  great  increase  in  the  tnmsudation 
lid  from  the  capillaries,  and  therefore  in  the  lymph-flow  from 
horacic  duct."  This  explanation  is  well  supported  by  experi- 
8,  and  seems  to  ob^^ate  the  necessity  of  assuming  a  secretory 
n  on  the  part  of  the  capillary  walls. 

.  Numerous  other  experiments  have  been  devised  by  Heidenliain 
his  followers  to  show  that  the  physical  laws  of  filtration,  diffu- 

an<^i  osmosis  do  not  sufRce  to  explain  the  production  of  lymph ; 
in  all  these  cases  possible  explanations  nave  been  suggested 
ernis  of  the  physical  laws^  so  that  it  may  be  said  that  the 
B  do  not  compel  us  to  assume  a  secretory  activity  on  the 
i  of  the  endothelial  cells  of  the  capillaries.  Asher*  and  his 
rarkers  have  brought  for%vard  many  facta  to  show  that  the  lymph 
>ntroUed  as  to  its  amount  by  the  activity  of  the  tissue  elements 
,  may  be  considered  as  a  product  of  the  activity  of  the  tissues,  as 
icretion,  in  fact,  of  the  working  cells.     When  the  saJivary  glands, 

liver,  etc.,  are  in  greater  functional  activity  the  flow  of  lymph 
en  them  is  increased  beyond  doul>t,  so  that  the  actixnty  of  the 
ans  does  influence  most  markedly  the  production  of  lymph. 
0t  physiologists,  however,  prefer  to  explain  this  relationship  on 
'  view  suggested  by  Koranyi,  Starling,  and  others, — namely,  that 
the  metabolic  changes  of  fimctional  activity  the  large  molecules 
proteia,  fat,  etc.,  are  broken  down  to  a  number  of  simpler  ones, 
!  number  of  particles  in  solution  is  increased  and  therefore  the 
EOtic  pressure  is  increased.  According  to  most  observers 
e  molecular  concentration  of  the  lymph  in  the  thoracic  duct, 
d^  therefore,  the  osmotic  pressure,  is  greater  than  that  of  the 
xkL  Thus  Botazzi,t  in  one  experiment,  reports  that  the 
string  of  the  freezing-point  of  the  blood-serum  was  A  =0-595° 
.  while  that  of  the  lymph  from  the  thoracic  duct  of  the  same 

•"Zwtvhrift  f.  BioldRie,"  vols.  xx.\vi-xJ,  IS07  to  1900. 
tQuoteti  from  Mo^ua,  "Haadbuch  der  Biocheniie,"  1908,  vol.  ii.»  (For- 
ktion  of  Lymph). 
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those  who  arc  unwilling  to  Ix^lieve  in  the  secretion  thcor>'.  Starling*J 
finds  exijerinientally  that  the  increased  flow  of  l3'm]>h  in  this  case,  aai 
after  obatnietion  of  the  vena  cava,  comes  mainly  from  the  liver. 
There  is  at  the  same  time  m  the  portal  area  an  increaseti  pressure 
that  may  account  in  part  for  the  greater  flow  of  lymph;  but,  since 
this  effect  upon  the  portal  pressure  lasts  but  a.  short  time,  while 
the  greater  flow  of  lymph  may  continue  for  one  or  two  hours,  it  is 
obvious  that  this  factor  alone  does  not  suffice  to  explain  the  result 
of  the  injections.  Starling  suggasLs,  therefore,  that  thase  extracts 
act  pathologically  upon  the  blood  ca[iillaries.  particularly  those  of 
the  liver,  and  render  them  more  permeai>le,  so  that  a  greater 
quantity  of  concentrateil  lymph  flows  through  them.  Starling's, 
explanation  is  aupj)orted  by  the  experiments  of  Popoff.f  According] 
to  this  obser\'er,  if  the  lymph  is  collected  simultaneously  from  the 
lower  jKirtion  of  the  thoracic  duct,  which  conveys  the  lymph  from 
the  alxlominal  organs,  and  from  the  upper  part,  which  contains  the 
lymph  from  the  head,  neck,  etc.,  it  is  found  that  injection  of 
peptone  increases  the  flow  only  from  the  abdominal  organs.  Popoff 
finds  also  that  the  peptone  causes  a  dilatation  in  the  intestinal 
circulation  and  a  marked  rise  in  the  portal  pressure.  At  the  same 
time  there  is  some  evidence  of  injury  to  the  walls  of  the  blood- 
vessels from  the  occurrence  of  extravasations  in  the  intestine.  As 
far,  therefore,  as  the  action  of  the  lymphagogues  of  the  first  class  is 
concerned,  it  may  be  said  that  the  advocates  of  the  fdtration-and- 
diffusion  theory  have  suggested  a  plausible  explanation  in  accord 
with  their  theory.  The  facts  emphasized  by  Heidenhain  with 
regard  t-o  this  class  of  substances  do  not  compel  us  to  assume  a 
secretory  function  for  the  endothelial  cells. 

4.  Injection  of  certain  cr>'st4i]line  substances — -such  as  sugar, 
sodium  cblori<i  and  other  neutral  salts — causes  a  nrmrked  increase 
in  the  flow  of  lymph  from  the  thoracic  duct.  The  lymph  in  these 
cases  is  more  dilute  than  normal,  and  the  blood-plasma  also  becomes 
more  water\',  thus  indicating  that  the  increase  in  water  comes  from 
the  tissues  themselves.  Heidenhain  designated  these  bodies  as 
"  lymphagogues  of  the  second  class."  His  explanation  of  their 
action  is  that  the  crystalloid  materials  introduce<i  into  the  blood  are 
eHmtnat-e<i  by  the  se<'retory  activity  of  the  enflothebal  cpIIh,  and  that 
they  tlien  attract  water  from  the  tissue  liquid,  thus  augmenting 
the  flow  of  lymph.  These  substances  cause  but  little  change  in 
art'Crial  hlood-prcssure;  hence  Heidenhain  thought  that  the  greater 
flow  of  lymph  can  not  be  explained  by  an  increased  filtration. 
Starling*  has  nhown,  however,  that,  although  these  bodies  may  not 

•  "Joiirnal  of  Phv.siolojo',"  17,  30,  1894. 

t  •'CVntralblutt  f.  PhyMoIogic."  9,  No.  2,  1S95. 
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seriously  alt^r  general  arterial  pressure,  they  may  greatly  augment 
infracapillary  pressure,  particularly  in  the  abdominal  organs.  Hia 
explanation  of  the  greater  flow  of  lymph  in  these  cases  is  as  follows: 
*'On  their  injection  into  the  hlood  the  osmotic  pressure  of  the  circu- 
lating fluid  is  largely  increased.  In  consequence  of  this  increase 
water  is  attracted  from  lymph  and  tissues  into  the  blood  by  a  process 
of  osmosis,  until  the  osmotic  pressure  of  the  circulating  fluid  is 
restored  to  normal.  A  conrlition  of  hydremic  plethora  is  thereby 
produce<i,  attended  with  a  rise  of  pressure  in  the  capillaries  generally, 
especially  in  those  of  the  abdominal  viscera.  This  rise  of  pressure 
will  be  proportional  to  the  increase  in  the  volume  of  the  blood,  and 
therefore  to  the  osmotic  pressure  of  the  solutions  injected.  The 
rise  of  capillars'  pressure  causes  great  increase  in  the  transudation 
of  fluid  from  the  capillaries,  and  therefore  in  the  lymph-flow  from 
the  thoracic  duct."  This  explanation  is  well  supported  by  exjjeri- 
ments.  and  seems  to  ob\iate  the  necessity  of  assuming  a  secretory 
action  on  the  part  of  the  rapilfary  walls. 

5.  Numerous  otherexperiment^  have  been  devised  by  Heidenhain 
and  his  followers  to  show  that  the  pliysical  laws  of  nitratioiK  diffu- 
sion, and  osmosis  do  not  suffice  to  c.\[)kmi  the  pro<hu'tion  oj  lymph ; 
but  in  all  these  caaea  possible  ex]:>lunati'>ns  have  been  suggested 
in  terms  of  the  physical  laws,  so  that  it  may  be  said  that  the 
facts  do  not  compel  us  to  assume  a  secretory  activity  on  the 
part  of  the  endothelial  cells  of  the  capillaries.  Asher*  and  his 
co-workers  have  brought  forward  many  facta  to  show  that  the  lymph 
is  controlled  as  to  its  amount  by  the  activity  of  the  tissue  elements 
und  may  be  considered  as  a  product  of  the  activity  of  the  tissues,  as 
a  secretion,  in  fact,  of  the  working  cells.  When  the  saJivary  glands, 
the  liver,  etc.,  are  in  greater  functional  acti\ity  the  flow  of  lymph 
from  them  is  increased  beyond  doubt,  so  that  the  activity  of  the 
organs  does  influence  most  markedly  the  production  of  lymph. 
Most  physiologists,  however,  prefer  to  explain  this  relatioasliip  on 
the  N-iew  suggested  by  Koranyi,  Starling,  and  others, — namely,  that 
in  the  raetabolic  changes  of  functional  activity  the  large  molecules 
of  protein,  fat,  etc.,  are  broken  down  to  a  number  of  sunplcr  ones, 
the  number  of  particles  in  solution  ia  increased  and  therefore  the 
osmotic  pressure  Is  increased.  According  to  most  observers 
the  molecular  concentration  of  the  lymph  in  the  thoracic  duct, 
and,  therefore,  the  osmotic  pressure,  is  greater  tlian  that  of  the 
blood.  Thus  Botiixzi,t  in  one  experiment,  reports  that  the 
lowering  of  the  ficezing-point  of  the  bioud-serum  was  A  =0.595° 
C,  while  that  of  the  lymph  from  the  thoracic  duct  of  the  same 


•  ••Zeitschrift  f.  BioloRir/'  volt*,  xx^vi-xl,  IS97  to  1900, 
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those  who  arc  unwilling  to  l>clieve  in  the  secretion  thcorj'.  Starling* 
finds  exj)erimentally  that  the  increased  flow  of  lymph  in  this  case,  as 
after  olistruction  of  the  vena  cava,  comes  mainly  from  the  liver. 
Hiere  is  at  the  same  time  in  the  portal  area  an  increased  pressure 
that  may  account  in  part  for  the  greater  flow  of  lymph;  but,  since 
this  effect  upon  the  portal  pressure  lasts  but  a  short  time,  while 
the  greater  flow  of  lymph  may  continue  for  one  or  two  hours,  it  is 
ohvious  that  this  factor  alone  does  not  suffice  to  explain  the  result 
of  the  injections.  Starling  suggests,  therefore,  that  these  extracts 
act  pathologically  upon  the  blood  capillaries,  particularly  those  of 
the  liver,  and  render  them  more  permeable,  so  that  a  greater 
quantity  of  concentrated  lymph  flows  through  them.  Starling's 
explanation  issupporteil  by  the  experiments  of  PopofT.f  According 
to  this  observer,  if  the  lymph  is  collectetl  simultaneously  from  the 
lower  portion  of  the  thoracic  duct,  which  conveys  the  lymph  from 
the  abdominal  organs,  and  from  the  upper  part,  which  contains  the 
lymph  from  the  hea<l,  neck,  etc.,  it  is  found  that  injection  of 
peptone  increases  the  flow  only  from  the  abdominal  organs.  Popoff 
finds  also  that  the  f>eptone  causes  a  dilatation  in  the  int^^stinai 
circulation  and  a  marked  rise  in  the  portal  pressure.  At  the  same 
time  there  is  some  evidence  of  injur>'  to  the  walls  of  the  blood- 
vessels from  the  occurrence  of  extravasations  in  the  intestine.  As 
far,  therefore,  as  the  action  of  the  lymphagogues  of  the  first  class  is 
concerned,  it  may  be  said  that  the  advocates  of  the  filtration-and- 
diffusion  thet^rj'  have  suggested  a  plausil>le  explanation  in  accord 
with  their  theory.  The  facts  emphasized  by  Heidenhain  with 
regard  to  this  class  of  substances  do  not  compel  us  to  assume  a 
secretory  function  for  the  endothelial  cells. 

4.  Injection  of  certain  cryst-alline  substances — such  as  sugar, 
sodium  chlorid  and  other  neutral  salts — causes  a  marked  increase 
in  the  flow  of  lymph  from  the  thoracic  duct.  The  lymph  in  these 
cases  is  more  dilute  than  normal,  and  the  blood-plasma  also  becomes 
more  water\*,  thus  indicating  that  the  increase  in  water  comes  from 
the  tissues  themselves.  Heidenhain  designatctl  these  boches  as 
"lymphagogues  of  the  second  class."  His  explanation  of  their 
action  is  that  the  crystalloid  materials  introduced  into  the  blood  are 
elirainate<i  by  the  secretory  activity  of  the  endotlielial  fcils,  and  that 
they  then  attract  water  frtnu  the  ti.ssue  liquid,  thus  augmetuing 
the  flow  of  lymph.  These  substance.s  cause  but  little  change  in 
arterial  blood-pressure;  hence  Heidenhain  thought  that  the  greater 
flow  of  lymj)h  can  not  Ije  explained  by  an  incrcase<l  filtration. 
Starling t  has  shown,  however,  that,  although  these  bodies  may  not 
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seriously  alter  general  arterial  pressure,  they  may  greatly  augment 
intracapillan'  pressure,  particularly  in  the  abdominal  nrgans.  His 
explanation  of  the  greater  How  of  lymph  in  these  cases  is  as  follows: 
**On  their  injection  into  the  blood  the  osmotic  pressure  of  the  circu- 
lating fluid  is  largely  increased.  In  consequence  of  this  increase 
■water  is  attracted  from  lymph  and  tissues  into  the  blood  by  a  process 
of  osmosis,  until  the  osmotic  pressure  of  the  circulating  fluid  is 
restored  to  normal.  A  condition  of  hydremic  plethora  is  thereby 
produced,  attended  with  a  rise  of  pressure  in  the  capillaries  generally, 
especially  in  those  of  the  abdominal  viscera.  ^I'his  rise  of  pressure 
will  be  proportional  to  the  increase  in  the  volume  of  the  blood,  and 
therefore  to  the  osmotic  pressure  of  the  solutions  injected.  The 
rise  of  capillary^  pressure  causes  great  increase  in  the  transudation 
of  fluid  from  the  capillaries,  and  therefore  in  the  lymph-flow  from 
the  thoracic  duct/'  This  explanation  is  well  supported  by  experi- 
ments, and  seems  to  obviate  the  necessity  of  assuming  a  secretory 
action  on  the  part  of  the  capillary  waifs. 

5.  Numerous  otherexperiments  have  Ijeen  devised  by  Heidenhain 
and  his  followers  to^how  that  the  physical  laws  of  filtration,  diffu- 
sion ^  and  osmosis  do  not  sufhec  to  explain  the  prod urt ion  of  lymph ; 
but  in  all  these  cases  possible  explanations  nave  been  suggested 
in  terms  of  the  physical  hiws^  so  that  it  may  be  said  that  the 
facts  do  not  compel  us  to  assume  a  secretory  activity  on  the 
part  of  the  endothelial  cells  of  the  capillaries.  Asher*  and  his 
co-workers  have  brought  forward  many  facts  to  show  that  the  lymph 
is  controlled  as  to  its  amount  by  the  activity  of  the  tissue  elements 
and  may  be  considered  as  a  product  of  the  activity  of  the  tissues,  as 
a  secretion,  in  fact,  of  the  working  cells.  When  the  saiivary  glands, 
the  liver,  etc.,  are  in  greater  functional  activity  the  flow  of  lymph 
from  them  is  increased  beyond  doubt,  so  that  the  activit}^  of  the 
organs  docs  influence  most  markedly  the  production  of  lymph. 
Most  physiologists,  however,  prefer  to  explain  this  relationship  on 
the  view  suggested  by  Koranyi,  Starling,  and  others, — namely,  that 
in  the  metabolic  changes  of  functional  activity  the  large  molecules 
of  pn>tein,  fat,  etc.,  are  broken  down  to  a  number  of  simpler  ones, 
the  number  of  particles  in  solution  is  increased  and  therefore  the 
osmotic  pressure  is  increased.  According  to  most  observers 
the  molecular  concentration  of  the  lymph  in  the  thoracic  duct, 
and,  therefore,  the  osmotic  pressure,  is  greater  than  that  of  the 
blood.  Thus  Botazzi,t  in  one  experiment,  reports  that  the 
lowering  of  the  freezuig-poiut  of  the  blooil-serum  was  A  =0.595° 
Cm  while  that  of  the  lymph  frona  the  thoracic  duct  of  the  same 

•  "Zoitschrift  f.  BidloKif*,"  vols,  xxxvi-xl,  1S97  to  1900. 
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those  who  are  unwillinK  to  believe  in  the  secretion  theory.  StarlinR* 
finds  experimentally  that  the  increased  flow  of  lymph  in  this  case,  as 
after  obstruction  of  the  vena  cava,  comes  mainly  from  the  liver. 
There  is  at  the  same  time  m  the  portal  areJi  an  increased  pressure 
that  may  account  in  part,  for  the  greater  flow  of  lymph;  hut,  since 
this  effect  upon  the  fxjrtal  pressure  lasts  hut  a  short  time,  while 
the  grcat^^r  flow  of  lymph  may  continue  for  one  or  two  hours,  it  is 
obvious  that  this  factor  alone  does  not  suffice  to  explain  the  result 
of  the  injections.  Starling  suggests,  therefore,  that  these  extracts 
act  pathologically  upon  the  hlond  capillaries,  particularly  those  of 
the  liver,  and  render  them  more  permeable,  so  that  a  greater 
quantity  of  concentrated  lymph  Hows  through  them.  Starling^s 
explanation  is  supported  by  the  experiments  of  PopofiF.f  According 
to  this  obser\'er,  if  the  lymph  is  collected  simultaneously  from  tlie 
hiwer  fKirtion  of  the  thoracic  duct,  which  conveys  the  lymph  from 
the  abdominal  organs,  and  from  the  upper  part,  which  contains  the 
lymph  from  the  head,  neck,  etc.,  it  is  found  that  injection  of 
peptone  increases  the  flow  only  from  the  abdominal  organs.  Popoff 
finds  aW>  that  the  pejitone  causes  a  dilatation  in  the  intestinal 
circulation  and  a  marked  rise  in  the  jwrtal  ]>ressure.  At  the  same 
time  there  is  some  evidence  of  injur>^  to  the  walls  of  the  blood- 
vessels from  the  occurrence  of  extravasations  in  the  intestine.  As 
far,  therefore,  as  the  action  of  the  lym[)hngagues  of  the  first  class  is 
concerned,  it  may  l>e  said  that  the  ailvorates  of  the  filtration-and- 
dififusion  theory  have  suggested  a  plausible  explanation  in  accord 
with  their  theory.  The  facts  emphasized  by  Heidenhain  with 
regard  to  this  class  of  substances  do  not  compel  us  to  assume  a 
secretory  function  for  the  endothelial  cells. 

4.  Injection  of  certain  crvstjilline  substances — such  as  sugar, 
sodium  chlorid  and  other  neutral  salts — causes  a  marked  increase 
in  the  flow  of  lymph  from  the  thoracic  duct.  The  lymph  in  these 
cases  is  more  liihite  than  nornuil,  and  the  blood-plasma  also  becomes 
more  water>'.  thus  indicating  that  the  increase  in  wat-er  comes  from 
the  tissues  themselves.  Heidenhain  designated  these  lx)dies  as 
"  lymphagogues  of  the  second  class."  His  explanation  of  their 
action  is  that  the  cr\'8talloid  materials  introduced  into  the  blood  are 
eliminated  by  the  secretory  activity  of  the  endothelial  cells,  and  that 
tliey  then  attract  water  from  the  tissue  liquirl,  thus  augmenting 
the  flow  of  lymph.  These  substances  cause  liut  little  change  in 
arterial  blood-pressure;  hence  Heidenhain  thought  that  the  greater 
flow  of  lymf)h  can  not  l>e  explained  by  an  increased  filtration. 
Stjirlingj  has  shown,  however,  that,  although  these  bodies  may  not 
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alter  general  arterial  pressure,  they  may  greatly  augment 

pillan'  pressure,  particularly  in  the  ahdominal  orjE^ans.     His 

CCpbtfUition  of  the  greater  flow  of  lymph  in  these  cases  is  as  follows: 

'On  their  injection  into  the  biooci  the  osmotic  pressure  of  the  circu- 

fluid  is  largely  increased-     In  consequence  of  this  increase 

is  attracted  from  lymph  and  tissues  into  the  blwjd  by  a  process 

08au)flis,  until  the  osmotic  pressure  of  the  circulatiiig  fluid  is 

ivtored  to  normal.     A  condition  of  hydremic  plethora  is  thereby 

produced,  attended  vnih  a  rise  of  pressure  in  the  capillaries  generally, 

«perially  in  those  of  the  alxiominal  viscera,     This  rise  of  pressure 

wil  l>e  proportional  to  the  increase  in  the  volume  of  the  blood,  and 

tbocfore  to  the  osmotic  pressure  of  tlie  sohitions  injected.     The 

OK  of  capillan*  pressure  causes  great  iurreaae  in  the  transudation 

of  fluid  from  the  capillaries,  and  therefore  in  the  lymph-flow  from 

tbe  thoracic  duct."     This  explanation  is  well  supported  by  ex[>eri- 

moits.  and  seems  to  obviate  the  necessity  of  assuming  a  secretor>' 

•rlioD  on  the  part  of  the  capillary  walls. 

5.  Numerous  otherexperiments  have  been  devised  by  Heidenhain 
in<i  his  followers  to  show  that  the  physical  laws  of  filtration,  diffu- 
sion, and  osmosis  do  not  suffice  ti>  explain  the  proLJiK'tion  of  lympfi ; 
but  in  all  these  cases  possible  explanations  nave  been  suggeste d 
m  terms  of  the  phyaical  laws,  so  that  it  may  be  said  tliat  the 
facts  do  not  compel  us  to  assume  a  secretory  activity  on  the 
p*rt  of  the  endothelial  cells  of  the  capillaries.  Asher*  and  his 
lo-workers  have  brought  forward  many  facts  to  show  that  the  lymph 
B  controlled  as  to  its  amount  by  the  activity  of  the  tissue  elements 
ftod  may  be  considered  as  a  pnxluct  of  the  activity  of  the  tissues,  as 
tsecietion,  in  fact,  of  the  working  cells.  When  the  salivary  glands, 
ii»  liver,  etc.,  are  in  greater  functional  activity  the  flow  of  lymph 
irom  them  is  increased  beyond  doubt,  so  that  the  acti\ity  of  the 

f     organs  does  influence  most  marke<lly   the  production  of  lymph. 
Most  physiologists,  however,  prefer  to  explain  this  relationship  on 
fJie  new  suggested  by  Koranyi,  Starling,  and  others, — namely,  that 
'"  the  metabolic  changes  of  functional  acti\dty  the  targe  molecules 
*'f  protein,  fat,  etc.,  are  broken  down  to  a  number  of  .simpler  ones, 
^  number  of  particles  in  solution  is  increased  and  therefore  the 
^J^wotic  pressure  is   increased.     According  to   most  observers 
*^  niolecular  concentration  of  the  lymph  in  tlie  thoracic  duct, 
*^^»   therefore,  the  osmotic  pressure,  is  greater  than  that  of  the 
^'oocj^     Thus    Botazzi,t  in    one  experiment,    reports    that  the 
p'^^ting  of  the  froezing-point  of  the  blood-serum  was  ^  « 0.595** 
•  "^'hile  that  of  the  lymph  from  the  thoracic  duct  of  the  same 

I     ^   ••Zttlachnft  f.  nioloRie,"  voU.  xxxvi-vl,  1N1)7  to  lOtM). 
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animal  was  A=0-615®  C.  Back  in  the  tissues,  where  phys- 
iological oxidations  are  goin^  on^  this  difference  is  probably 
greater,  and  greater  in  proportion  to  the  activity  of  the  tissues. 
We  can  understand  that  in  this  way  functional  activity  of  an 
organ  may  result  in  attracting  more  water  from  the  blood-capil- 
laries into  the  tissue  spaces  and  may  thus  cause  an  augmented 
'flow  of  lymph.  It  is  to  be  burne  in  mind  that  the  liquid  of  the 
tissues  may  be  drained  off  not  only  through  the  l>nnph-vesscLs 
but  also  through  the  blood-vessels.  Tliat  liquids  injected  directly 
into  tiie  tissues  or  special  substances  dissolved  in  such  liquids  may 
be  absorbed  directly  by  the  blood  has  long  Ix^en  known.  Magendie, 
for  example,  proved  that  when  a  pfHson  was  injected  into  an  organ 
which  was  connected  with  the  rest  of  the  body  only  by  its  blood- 
vessels, the  animal  quickly  showixl  the  symptoms  of  a  corresi"n)nd- 
ing  int4>xicatii>n.  Ordinary  hypodermic  injections  are  absorbed 
much  more  quickly  into  the  general  circulation  than  would  be 
the  case  if  they  were  oliliged  to  traverse  the  lymph-vessels  and 
enter  the  blood  through  the  thoracic  duct.  Meltzer  has  shown 
that  this  absorption  hy  the  blood  from  the  tissue  spaces  takes 
place  with  especial  promptness  if  the  injection  is  made  into  a 
mass  of  muscular  tissue. 

The  Uquid  in  the  extravascular  tissue  spaces  is.  in  fact,  sub- 
ject to  a  ]>lay  <~*i  influences  from  several  sides,  and  it  is  the  bal- 
ance among  these  ciunpeting  influences  which  determines  at  any 
time  the  amount  an<l  composition  of  this  tissue  lymph.  Thus, 
the  supply  of  this  li<juid  is  furnished,  on  the  one  hand,  by  water 
and  dissolved  sulistances  coining  to  it  from  the  blood  in  the 
capillaries,  on  the  other  hand,  by  water  and  dissolved  substances 
derived  from  the  great  reservoir  contained  in  tlie  tissue  cells. 
The  amount  of  the  tissue  lymph  is  continually  depleted  on  the 
other  side  by  water  and  dissolved  substances  passing  back  into 
the  ca|>illaries,  or  into  the  tissue  elements,  or,  finally,  into  the 
lymph  cai»illarie8.  The  amount  that  passes  by  this  latter  route 
varies  greatly  in  the  different  tissues,  and  in  the  same  tissue 
may  be  influenced  greatly  by  pathological  as  well  as  normal 
changes  in  con<litions. 

Summary  of  the  Factors  Controlling  the  Flow  of  Lymph. — 
We  may  adopt,  provisionally  itt  least,  tiie  so-cailedjiiechanical 
t^florv  nf  thft  origin  of  Ivmph.  Upon  this  thec*ry  th_e_forcos  m 
Afjivitv  JLrfv  first,  the  intr:tcapillarv  [>ressure  tcTuling  to  filteT 
tjie  pl.-^-'UKt  tlimugh  the  ctulutUchal  cells  connHisJng  the  walls 
of  the  ('ai)illarif\K^  and  se<"ond,  tbat  form  of  molecular  energy  which 
gjvcis  rise  to  tlie  phenomena  of  dilTusion  ;mii  f>stnutic  ])resiiiure. 
By  the  achon  oi  tnis  force,  the  flow  of  water  from  one  place  to 
another  is  influenco4l  in  accordance  with  the  difference  in  concen- 
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of  the  dissolved  substances.     These  two  forces  acting 
wwywhere  control  primarily  the  amount  and  composition  of  the 
lynjph:   but  still  another  factor  must  be  coasidered;   for  when  we 
pome  to  exarnint?  the  flow  of  lymph  in  different  parts  of  the  body 
striking  differences  are  found.     It  has  been  shown,  for  instance, 
th&t  in  the  limbs,  under  normal  conditions,  the  flow  is  extremely 
Kftoty.  while  from  the  liver  and  the  intestinal  area  it  is  relatively 
abundant.     In  fact,  the  lymph  of  the  thoracic  duct  may  he  con- 
■Icred  as  being  derived   almost  entirely   from   the  latter  two 
regions.     Moreover,  the  lymph  from  the  liver  is  characterized  by 
i  greater  percentage  of  proteins.     To  account  for  these  differences 
Starling  suggests  the  plausible  explanation  of  a  variation  in  perraea- 
liililY  in  the  capillary  walls.     This  factor  is  evidently  one  of  great 
importance,  although  it  is  not  possible  to  state  the  character  of  the 
changes  supposed  to  occur.      One  helpful   suggestion  that  rests 
opoD  experimental  evidence  is  that  the  concentration  of  bases, 
6Bpedaily  of  the  calcium,  containe<l  in  the  substance  of  the  vessel- 
tails,  affwts  greatly  their  physical  properties  and  permea!>ility. 
It  is  evident  that  constituents  of  this  kind  may  vary  with  the 
diaracter  of  the  food,  or  in  general  with  the  romposition  of  the 
hioud.    The  idea  that  the  permeability  of  the  capillaries  may  vary 
ttndfr  different  conditions  has  long  been  used  in  pathology  to 
a;>lain  the  production  of  that  excess  of  l\'mph  which  gives  rise 
to  the  condition  of  dropsy  or  edema.     The  theories  and  experi- 
aentfi  made  in  connection  with  this  pathological  condition  have, 
ID  fact,  a  direct  bearing  upijn  the  thet^ries  of  lymph  formation.* 
Under  normal  conditions  the  l.vroph  is  drained  off  as  it  is  formed, 
while  under  pathological   conditions  it  may  accumulate  in  the 
tiBues  owing  either  to  an  excessive  formation  of  l>Tiiph  or  to  some 
mt^rruption  in  it.s  circulation. 

Tiie  scanty  flow  of  lymph  from  the  limbs  has  been  referred 

by  Magnust   to  another  possible  cause,  namely,  to  the  great 

capacity  of  the  muscular  tissue  to  imbibe  water   (and  salts). 

Acconiing  to  this  author  the  tissues,  particularly  the  muscular 

1    iiffliiee,  constitute  great  resen^oirs  in  which  excess  of  wuter  and 

P  *ll«  may  be  stored.     If,  for  example,  a  hypotonic  solution  of 

f    fcidium  chloride  is  injected   into  the  circulation,  most   of   the 

I    **ter  added  will  be  removed  from  the  circulatirm  by  imbibition 

^^  the  uiuscular  tissues.     In  the  limbs,  with  their  large  supply 

'^^  Muscular  tissue,  it  may  be  that  lymph  is  formed  as  elsewhere 

1^^  the  blood  plasma,  but  it  is  held  back  from  the  lymph-vessels 

y  Absorption  into  the  muscular  mass. 

w    *  CoiwuU    Meltxer,    "I-^lema*'    f"  Harrington     Lectures"),    "American 
"•^J«cir>e."  8,  Noe.  1,  2,  4-  and  5.  1904. 
T  Ma^us,  Loe  eiL 
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From  the  foregoing  considerations  it  is  evident  that  <^^gf 
in  fiftpillary  pn>RHuffrj  however  produced,  may  alter  the  flow  of 
l3rmph  from  the  blood-vessela  to  the  t^j^pyes.  by  increa^g  or 
decreasing,  as  the  case  may  be,  the  amount  of  filtration;  changeah 
tfie  compopjitf^9P  o^  ^^'^  ^^^^^fSuch  as  follow  periods  of  digeBtMoT 
w^  cause  diffusion  and  osmotic  streams  tenoing  to  equalize  the 

COmpOSitiofl^Hf-blo"^  ^"^  lymph ;    anH  p>iftTigP«  in  fVio  ti"^i«^  ^hjfn, 

selves  following  upon  physiological  or  pathological  activity  wifl 
.  also  disturb  the  equilibrium  of  composition,  and,  therefore,  set  up 
diffusion  and  osmotic  currents.  In  this  way  a  continual  interchange 
is  taking  place  by  means  of  which  the  nutrition  of  the  tissues  ii 
effected,  each  according  to  its  needs.  The  details  of  this  interchaop 
must  of  necessity  be  very  complex  when  we  consider  the  possbilite 
of  local  effects  in  different  parts  of  the  body.  The  total  ^eetscf 
general  changes,  such  as  may  be  produced  experimentally,  in 
ampler,  and,  as  we  have  seen,  are  explained  satisfactorily  by  the 
physical  and  chemical  factors  enumerated. 


SECTION  V. 

PHYSIOLOGY  OF  THE  ORGANS  OF  CIRCULA- 
TION OF  THE  BLOOD  AND  LYMPH. 

The  heart  and  the  blood-vessels  form  a  closed  vascular  system 
^ontaimng  a  certain  amount  of  blood.  This  blood  is  kept  in  endless 
circulation  mainly  by  the  force  of  the  muscular  contractions  of  the 
heart.  But  the  bed  through  whicli  it  flows  varies  greatly  in  width 
at  difTerent  parts  of  the  circuit,  and  the  resistance  offered  to  the 
moving  blood  is  very  much  greater  in  the  capillaries  than  in  the 
large  vessels.  It  follows  from  the  irregularities  in  size  of  the  chan- 
nels through  which  it  flows  that  the  blood-stream  is  not  unifonn  in 
character  throughout  the  enUre  circuit;  indeed,  just  the  opix)site  ia 
true.  From  point  to  point  in  the  branching  system  of  vessels  the 
blood  varies  in  regard  to  its  velocity,  its  head  of  pressure,  etc. 
Theee  variations  are  connected  in  part  with  the  fixed  structure  of  the 
8\'st€m  and  in  part  are  dependent  upon  the  changing  properties  of 
the  livmg  matter  of  which  the  system  is  composed.  It  is  con- 
venient to  consider  the  subject  under  thi^ee  general  heads:  (I) 
The  purely  physical  factors  of  the  circulation, — that  is,  the  me- 
chanics an<l  hydrodynamics  of  the  flow  of  a  definite  quantity  of 
blood  through  a  set  of  fixed  tubes  of  I'arying  caliber  under  certain 
ibced  contiitions.  (2)  The  general  physiology  of  the  heart  and  the 
blood-vessels, — that  is,  mainly  tiie  special  properties  of  the  heart 
muscle  and  the  plain  muscle  of  tlie  blood-vessels.  (3)  The  irmerva- 
tion  of  the  heart  and  the  blood-vessels, — that  is.  the  variations  in 
the  circulation  produced  hf  the  action  of  the  nervous  system. 


CHAPTER  XXV. 
THE  VELOCITY  AND  PRESSURE  OF  THE  BLOOD-FLOW. 

The  Circulation  as  Seen  Under  the  Microscope. — It  is  a 

comparatively  easy  matter  to  arrange  a  tliin  memlinine  in  a  living 
animal  so  that  the  flowing  blood  may  be  observed  with  the  aid  of  a 
microscope.  For  such  a  purpose  one  generally  employs  the  web 
between  the  toes  of  a  frog,  or  better  still  the  mesentery,  lungs,  or 
bladder  of  the  same  animal.  With  a  good  preparation  many 
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imjiortant  peculiarities  in  the  blood-flow  may  be  observed 
If  the  field  is  projjeriy  chosen  one  nmy  see  at  the  same  time  the  flow 
in  arteries,  capillaries,  and  veins.     It  will  be  noticed  that  in  tfaft 
arteries  the  flaw  is  very  rapid  and  somewliat  intermittent,^ — thati^ 
there  is  a  slight  acceleration  tif  velocity,  a  pulse,  with  each  heut 
beat.    In  the  capillaries,  on  the  contrary,  the  flow  is  relatively  voy 
Blow;  the  change  from  the  rushing  arterial  stream  to  the  delilW' 
ate    current   in    the   cajjilluries    takes    place,   indeed,   with  some 
suddenness.    The  cajnllary  flow,  as  a  nile,  shows  no  puLsos  coire- 
sjxjiiding  with  the  heart  beats,  but  it  may  be  more  or  less  irreguitt, 
—that  is,  the  How  may  nearly  cease  at  times  in  some  capilUna, 
while  ii^iun  it  becomes  distinct  and  unifomi.     In  the  veins  tlir 
flow  increa.scs  markedly  in  rapidity,  and,  indeed,  it  may  \ie  o\y 
served  thai  the  larj^cr  the  vtnn.  the  iiuirc  raj>id  is  the  flow.     Tlwrr 
is  not,  however,  as  a  rule,  any  hKlicution  of  an  intermittenco  or 
pulse  in  this  flow — the  veltH'ity  is  entirely  iinifonn.      In  Ixjth 
arteries  and  veins  it  will  be  noticed  that  the  red  corpuscles  forrai 
w>lid  column  or  v{nv  in  thi"  middle  i>f  the  ves.sel,  and  that  Ix'twcen 
fhcn\  and  the  inner  wall  there  is  a  layer  of  plasma  containing  (»nly, 
under  m)rmal  conditions,  an  occasional  leucocyte.    The  accumula- 
tion of  forpusi'les  in  the  middle  of  tiie  stream  makes  what  is  kndffn 
as  the  fjxial  stream,  while  the  dear  layer  of  plasma  is  designated  as 
the  iiieri  latjtr.    The  j)licnumenon  is  n^adity  explained  by  physical 
causes.     As  the  bhiftd  flows  rapidly  through  the  small  vessels  the 
layers  nearer  the  wall  arc  slowed  h}'  adhesion,  so  that  the  greatest 
velocity  is  attained  in  the  middle  or  axis  of  the  vessel.     The  cor- 
puscles, being  heavier  than  the  plasma,  are  drawTi  into  this  rajiid 
part  of  the  current.     It  has  been  shown  by  physical  experiment! 
that,  when  particles  of  different  specific  gravities  are  present  m* 
liquid  flowing  rapitlly  through  tubes,  the  heavier  particles  will  bai 
found  in  the  axis  and  the  lighter  ones  toward  the  periphery',    la' 
accordance  with  this  fact,  leucocytes,  which  are  lighter  than  tha 
red  corpuscles,  may  be  foimd  in  the  inert  la>er.     When  the  coa- 
ditions    become   slightly    abnormal    (incipient    inflammation)   thft. 
leucocytes  increase  in  number  in  the  inert  layer  sometimes  to  | 
ver>'   great  extent,  owing  apparently   to  some  alteration  in  thB 
endothelial  walls  whereby  the    leucocytes  are  rendered  more  ai 
hesive.    The  agglutination  of  the  leucocytes  and  their  migratioi 
through  the  walls  into  the  surrounding  tissues  are  described  il 
works  on  Pathology-. 

The  Velocity  and  Volume  of  the  Blood-flow. — The  microscopic^ 
observations  described  mIxivc  s\u\\\  that  tlie  velocity  of  the  blood 
current  varies  widely,  being  nipi<l  in  the  arteries  and  veins  and  slo' 
in  the  capillaries.  To  ascertain  the  actual  velocity  in  the  lai 
vessels  and  the  variations  in  vessels  of  difi'erent  sizes  exi>erimen 
determinations  are  necessary.    While  the  general  principle  involvi 
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in  these  determinations  is  simple,  their  actual  execution  in  an 
experiment  is  attended  with 
some  difficulties,  and  varioua 
devices  have  l>een  ado  pted , 
The  most  direct  method  pci- 
haps  is  that  used  in  the  in- 
strument devised  \>y  Ludwig, — 
namely,  the  stromuhr.  The  jirin- 
ciple  used  is  to  cut  an  arter>' 
or  vein  of  a  known  size  and  de- 
termine how  much  blood  flows 
out  in  a  given  time.  We  may 
define  the  velocity  of  the  blood 
at  any  point  as  the  length  of 
the  column  of  lilood  flowing  by 
that  p<Mnt  in  a  second.  If  we 
cut  tlie  artery  tlicrc  a  cylindri- 
cal colunm  of  blood  of  a  defi- 
nite length  and  with  a  cross-area 
equal  to  that  of  the  lumen  of 
the  arter>*  will  flow  out  in  a 
second.  The  volume  of  the 
outflow  can  l>e  (ictermined  di- 
rectly by  catching  the  bliK)d. 
Knowing  this  volume  and  the 
cross-area  of  the  arter\',  we  can 
determine  the  length  of  the 
column — that  is,  the  A'clocity 
of  the  flow — since  in  a  c>'Hndcr 
the  volume,  V,  is  ef}ual  to  the 
product  of  the  length  into  the 
cross-area. 


V  ■•  length  X  cross-area,  or 
^^^^  -  croi»-area 


Fir.  188. — LudwiR'a  stromuhr:  aiuidb. 
The  Rlaaa  butb^);  a  U  lillc'l  with  oil  to  tl^ 
mark  {H  c.o.>,  while  b  and  tim  neck  are  fiUod 
with  salt  !*iilutiim  or  dplibhnatcMl  blomi;  p, 
the  movable  fil^^fe  by  meuiM  of  which  the 
bulb-i*  may  be  turi>e*i  through  180  clegroes, 
c,f,  for  the  caitnuiurt  in(«^t(^•f  into  the  art«ry; 
*.  the  thumb  i^crew  for  tuniintc  the  bulba) 
h,  the  ht»hJflr,  When  in  itince  the  clanipa 
on  thn  arteries  tre  roinove»),  bhKxl  Soirs 
ihmuKh  c  iuto  a,  driving  out  the  nil  and 
forrinK  the  salt  solulioti  in  6  into  the  head 
end  of  Che  arteo'  thrnuRh  c'.  When  the 
bloo<l  entering  a  ppachprf  the  m&rk.  the  bulbf 
are  turned  through  1K(J  ileicroefl  :4o  that  b  lies 
over  c.  The  bhioii  tinw'*  into  b  anil  drives 
the  oil  back  into  o.  When  it  ju-^t  titta  this 
bulb,  they  arc  aKnin  rf>tate<l  through  180 
deffreen,  and  (*o  on.  The  oil  La  driven  out  of 
and  into  a  a  Riven  nuintter  of  times,  each 
movement  being  equal  lo  an  out  How  of  A  c.o. 
of  blood.  When  the  instrument  haa  been 
turned,  say*  ten  times,  SO  c.c.  nf  hhHxl  have 
flowed  out.  Knowine  the  time  and  the 
caliber  of  the  artery,  the  calculation  ia  made 
tw  di^rribcd  in  the  text.  Hcveral  nu>djfl< 
cations  of  the  fonn  of  (his  inf^truiiieni  have 
been  deviM'd.* 


We  cannot,  of  course,  make 
the  experiment  in  this  simple 
way  upon  a  hvin^  animal;  the 
loss  of  so  much  l>lix>d  wouitl  at 
once  change  the  physical  and  physiological  conditions  of  the  circula- 
tion, and  would  give  us  a  set  of  conditions  at  the  end  of  the  exjieri- 
ment  different  from  those  at  the  l>eginning.  By  means  of  the 
stromuhr,  however,  thi^  experiment  ciiri  l>e  made,  with  this  important 

♦A  modification  by  Ti^jei^itedt  h  descriheJ  in  ttif  "Skanilinaviscliea 
Archiv  f.  FhvHiol.,"  ;i,  15:;,  IS9i.  One  by  liurlon-Opilz  in  tht-  "  Ardi.  f.  d. 
ges.  Phyaioiogie,"  121,  151.  1008. 
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variation,  that  the  blood  that  flows  from  the  central  end  of  thecal 
artery  is  returned  to  the  peripheral  end  of  the  same  artery, » tbl 
the  circulation  is  not  blocked  nor  deprived  of  its  normal  volume  fl( 
liquid.  The  instrument,  as  is  explained  in  the  l^end  of  Fig.  188^ 
measures  the  volume  of  blood  that  flows  out  of  the  cut  end  of  n 
artery  in  a  deiinite  time.    The  calculation  for  velocity  is  made  m 

follows:  Suppose  that  the  eapadj^ 
of  the  bulb  is  5  c.c.^  and  that  in  the 
experiment   it    has  been  filled  10 
times  in  50  seconds, — t.  e,,  the  bob 
have  been  reversed  10  times;  thea 
obviously  10  X  5  or  50  c.c.  haw 
flowed  out  of   the   artery  in  Ua 
time,  or  1  c.c,  in  1  second.  Hie 
diameter  of  the  vessel  can  bemeV' 
ured,  and  if  foimd  equal,  say,  to  2 
mms.,  then  its  cross-area  is  xr^  ■ 
3.15  X  1  -  3.15.    Since  1  c.c.  equik 
1000  c.mm.,  the  length  of  our  cyl- 
inder of  blood  would  be  giv^  bf 
the  quotient  of  ^^  «  317  mms.    I 
So  that  the  blood  in  this  case  wu     | 
moving  with   the  velocity  of  317 
mms.  per  second.    Another  izurtru- 
ment  that  has  been  employed  for 
the  same  purpose  is  the  dromograpk 
or    hemodromograph    of    Chauveau. 
This  instrument  is   represented  in 
the  accompanying  figure  (Fig.  189). 
A  rigid  tube  (p-c)  is  placed  in  tbe 
course  of  the  artery  to  be  examined. 
This  tube  is  provided  with  an  offset 
(a)  the  opening  of  which  is  closed 
with  rubber  dam  (w).    The  rubber 
dam  is  pierced  by  a  needle  the  lower 
end  of  which  terminates  in  a  small 
plate  lying  in  the  tube  (pi).    When  the  instrument  is  in  place  and 
the  blood  is  allowed  to  stream  through  the  tube,  it  deflects  the 
needle,  which  turns  on  its  insertion  through  the  rubber  as  a  ful- 
crum.   The  angle  of  deflection  of  the  free  end  of  the  needle  may 
be  measured  directly  upon  a  scale  or  it  may  be  transmitted 
through  tambours  and  recorded  upon  a  kymographion.    The  in- 
strument must,  of  course,  be  graduated  by  passing  through  it  cur- 
rents of  known  velocity,  so  that  the  angle  of  deflection  may  be 
expressed  in  terms  of  absolute  velocities.     It  possesses  a  great 
advantage  over  the  stromuhr  in  that  it  gives  not  simply  the  average 
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Fig.  189.— Chauveau's  hemodromo- 
graph (after  Langendorff).  The  tube, 
p^,  is  placed  id  the  course  of  an  ar- 
teryj  the  blood  after  removal  of  clampa 
flowmg  in  the  direction  flfaown  by  the 
arrow.  The  current  strikes  the  plate, 
}»{,  and  forces  it  to  an  angle  varying 
with  the  velocity.  The  movement  of 
vl  is  transmittea  thrfjugh  the  stem,  n, 
which  moves  in  a  rubber  membrane 
as  a  fulcrum,  m.  Tlie  angular  move- 
ment of  the  projecting  end  of  n  may 
be  measured  directly  or  may  be  made 
to  act  upon  a  tambour,  aa  shown  in 
the  figure,  and  thus  be  transmitted  to 
a  recording  drum. 
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pQAcTsor  rxtrcxnity 5  c.c. 

ftakul  muscle .  ...  12  c.c. 

Had .20  c.c. 

floanoh 21  c.c. 

linr  (MtcruJ) .  .^ 25  c.c. 

1&t«tn)«s  .....  31  v.c. 


ity  during  a  jpven  time,  but  also  the  variations  in  velocity 

I  ^oinadent  with  the  heart  beat  or  other  changes  tliat  may  occur 

^BRBg  the  period  of  observation.     By  meon^  of  instruments  of 

tttti  kind  it  is  possible  to  determine  not  only  the  velocity  in  any 

lURP  ftrter>'  or  vein  at  a  given  moment,  but  also  the  total  volume 

of  flow  into  or  out  of  an  organ  during  a  given  period  of  time. 

Dftta  of  the  latter  kind  give  us  an  idea  of  the  relative  quantity  of 

Uood  supplied  to  each  organ  and  the  differences  in  this  respect 

betwpf-n  the  several  organs.    Burton-Opitz*  on  the  bnsis  of  experi- 

smtfl  made  by  himself  .'ind  otliers  gives  the  following  figures,  which 

cacpress  the  blood-suppi}'  per  minute  for  each  100  grams  of  organ: 

Spleen 58  c.c. 

Liver  (venous)  ......,,,...,.  69  c.c. 

Liver  (total) ..,..  84  c.c. 

Brain 136  c.c. 

Kidney 1.50  c.c. 

Thymid  Cdand 560  c.r. 

Mean  Velocity  of  the  Blood-flow  in  the  Arteries,  Veins,  and 

CtpilUries. — Actual  detemiiimtions  of  the  average  velocity  in  the 

kife arteries  and  veins  give  such  resuita  ns  the  following:  Carotid 

of  horse  (Volkmann).  300  mms.  per  second;  (Chauveau)  297  nuns. 

OuDtid  of  the  dog  (Vierordt),  2G0  mnis. 

The  flow  in  the  carotid,  as  in  the  other  large  arteries,  is  not, 

bm-ever,  uniform;  there  is  a  marked  acceleration  or  pulse  at  each 

i\«tole  of  the  heart  during  which  the  velocity  is  greatly  augn>ented. 

Thus,  in  the  carotitl  of  the  horse  it  has  been  shown  by  the  hemo- 

limmograph  that  during  the  syst<7le  the  velocity  may  reach  520 

Dun8.and  may  fall  to  150  mms.  during  the  diastole.     It  is  found,  also, 

tlttt  this  difference  between  the  systolic  velocity  and  the  diastolic 

velocity  tends  to  disappear  as  the  arteries  become  smaller,  and,  as 

■Msaid  aljove,  disappears  alt-ogether  in  the  cajnllaries.  in  w^hich 

tl»e pulse  caused  by  the  heart  beat  Is  lacking.    The  smaller  the  artery, 

tberefore,  the  more  uniform  is  the  movement  of  the  blood. 

The  flow  in   the  large  veins   is  uniform  or  approximately 

uniform  and  increases  as  one  appniachcs  the  heart,  althcnigh  the 

Velocity  in  the  large  veins  near  the  heart  is  soniewiiat  sUjwer 

than  in  the  large  arteries  of  the  same  region,  owing  to  the  fact 

that  the  total  area  of  the  venous  bed  la  larger  than  that  of  the 

arterial  bed.     Burton-Opitzf  gives  the  following  average  figures 

obtained  from  experiments  upon  anesthetized  dogs.     Jugular, 

147  mms.;  femoral,  61.6  nuns.;  renal^  63  mms.;  mesenteric  vein, 

84.9  mms.     In  the  capillaries,  however,  the  velocity  is  relatively 

very  small.     From  direct  observations  made  by  means  of  the 

microscope  and  from  indirect  observations  in  the  case  of  man, 

•  Burton-Opjti,  "QuartiTly  Jour,  of  E3cp<*rinirntal  PhysU)]r>K>'/'  4, 117. 1911. 
t  Burton-OpiLz,  "Am.  Journal  of  Physiology,"  voU-  7  and  9,  and  "Pflugeya 
Arvhiv;'  voU.  123  and  124,  1908. 
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distance  traveled  by  the  projected  inue 
from  the  eye;  and  o-n,  the  custanoe  of  ui 


the  capillary  velocity  is  estimated  as  lying  between  0.5  ma 
and  0.9  mm.  per  sec. 

Vierordt  reports  some  interesting  calculations  upon  the  velocity  of  tb 
blood,  in  the  capillaries  of  liis  own  eye.  Under  suitable  conditions,*  tk 
movements  of  the  corpuscles  in  the  retina  may  be  perceived  in  consequem 
of  the  shadows  that  they  throw  upon  the  rods  and  cones.  The  visual  innn 
thus  produced  may  be  projected  upon  a  surface  at  a  known  distance  framoi 
eye  and  the  space  traversed  in  a  given  time  may  be  observed.  The  diaUBfli 
actually  covered  upon  the  retina  may  then  be  calculated  by  the  foUowiiig 
atruction,  in  which  A-B  ^^  the 
A-n,  the  distance  of  the  surface 
retina  from  the  nodal  point 
of  the  eye.  We  have  then 
the  proportion  ab  :  an  :: 
AB:An,  or  ab  =  M^on. 

According  to  this  method, 
Vierordt  calculated  that  the 
velocity  of  the  blood  in  the 
hxmum  capillaries  is  equal  to 
about  0.6  to  0.9  mm.  per 
second. 

In  the  arteries,  more- 
over, it  may  be  observed 
that  the  average  velocity 
diminishes  the  farther 
one  goes  from  the  heart, — that  is,  the  smaller  the  artery,— and 
reaches  its  minimum  when  the  arteries  pass  into  the  capillanes. 
Thus,  Volkmaim  reports  for  the  horse  the  following  figures:  C^ 
rotid,  300  mms.;  maxillary,  232;  metatarsal,  56  mms.  In  the  vans 
also  the  same  fact  holds.  The  smaller  the  vein — that  is,  the  neaiw 
it  is  to  the  capillar^'  region — the  smaller  is  its  velocity,  the  maxH 


Fig.  190.— Diaffrun  of  the  ey«  to  show  thifl» 
struction  oaed  to  oetarmiiie  the  siae  erf  th«  tttim 
imuEe  when  the  nse  of  the  external  object  is  knon: 
R,  The  nodal  point  erf  the  eye.     See  text. 


Fi(E.  101. — Schematic  representation  of  the  relative  velocities  of  the  blood-cxureot  in 
different  parts  of  the  vascular  ayHtem:  a.  The  arterial  side,  indicating  the  changee  witb 
each  heart  beat  and  the  fall  of  mean  velocity  aa  the  arterial  bed  widens;  e,  the  capillanr 
region — the  great  <liminutton  in  velocity  corresponds  with  the  great  widniing  of  the  faea: 
V,  the  venoui*  i«ide.  Hhowing  the  gradual  increase  toward  the  neart,  and  represented  M 
entirely  untfonn.  although,  as  a  matter  of  fact,  the  velocity  in  the  large  veins  is  affected  I9 
the  re^piratirxiM  and  to  a  small  extent  by  the  heart  beat,  owing  to  the  phenomencm  knows 
as  the  venous  puUe  (p.  528). 

mum  velocity  being  found  in  the  vena  cava.     The  general  rda- 

tions  of  the  velocity  of  the  blood  in  the  arteries,  capillaries,  and 

*  "Archiv  f.  physiologische  Heilkunde,"  15,  255,  1856. 
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'^may  be  expressed,  therefore,  liv  ii  curve  such  as  is  showTi 
'  in  Fig.  191. 

Explanation  of  the  Variations  in  Velocity. — The  general  rela- 

tioB^p  l>el\veen  the  velocities  in  the  lUfFerent  parts  of  the  vascular 

•jrvtem  is  explained  by  the  difference  in  the  width  of  the  hed  in 

winch  the  hloo<l  flows.     In  the  systemic  circulation  the  main  stem, 

the  aorta,  branches  into  arteries  which,  taken  inrlivithially.are  smaller 

Bnd  smaller  as  we  approach  the  capillaries,     liut  each  time  that 

&n  arter>'  branches  the  sum  of  the  areas  of  tlie  two  branches  is 

tlian  that  of  the  main  stem.    The  arterial  system  nm>'  l>e 

*«oipared,  in  fact,  to  a  tree,  the  sum  of  the  cross-areas  of  all  the 

twigs  is  greater  than  that  of  the  main  trunk.     It  follows,  there- 

that  the  blood  as  it  passes  to  the  capillaries  flows  in  a  l>ed 

r  is  distributed  in  a  bed  which  becomes  wi<ler  and  wider,  and  as  it 

to  the  heart  in  the  veins  it  is  collected  into  a  bed  that  be- 

^taem  smaller  as  we  approach  the  heart.     V'ierordt  estimates  that 

the  combined  calibers  of  all  the  capillaries  in  the  systemic  circula- 

I  (ba  would  make  a  tul)e  with  a  cross-area  about  800  times  as  large  as 

I  the  aorta.     If  the  circulation  is  proceeding  uniformly  it  follows 

'  th»t  for  any  given  unit  of  time  the  siime  volume  of  blood  must 

pus  through  any  given  cross-section  of  the  system, — that  is,  at 

I  given  point  in  the  aorta  or  vena  cava  as  much  blood  must  flow 

by  in  ft  second  as  pasties  tlirough  the  capillary  regitm — and  that 

coDnquently  where  the  crass-section  or  l)ed  is  wiliest  the  velocity 

is  correspondingly  diminished.     If  the  capillar)''  betl  is  SOO  times 

ih&t  of  the  aorta,  then  the  velocity  in  the  capillaries  is  -g-J-]j  of  that 

in  the  aorta, — say,  -g-J-y  of  :S20  mms,  or  0.4  mm.     Just  as  a  stream 

of  water  flowing  under  a  constant  head  reaches  its  greatest  velocity 

where  its  Ijcd  is  narrowest  and  flows  more  slowly  where  the  bed 

widens  to  the  dimensions  of  a  {>ool  or  lake. 

Variations  in  Velocity  with  Changes  in  the  Heart-beat  or 
tlie  Size  of  the  Vessels. — While  the  above  statement  hohls  true  as 
*o  explanation  of  the  general  relationship  lietween  the  velocities  in 
we  arteries,  veins,  and  capillaries  at  any  given  moment^  the  absolute 
^'*^locities  in  the  different  part«  of  the  system  will,  of  course,  vary 
whenever  any  of  the  contlitions  acting  upon  the  blood-flow  vary. 
In  ihp  large  arteries,  as  has  been  sai<l,  there  are  extreme  fluctua- 
tions in  velocity  at  each  heart  heat;  but  if  we  consider  only  the 
average  velocities  it  may  be  said  that  these  will  vary  throughout 
the  system  with  the  furce  and  rate  of  tlie  heart  beat,  or  with  the 
Vftriation8  in  size  of  the  small  arteries  and  the  resulting  changes  in 
blood-pressure  in  the  arteries.     Marey*  gives  the  two  following 
laws:   (1)  A^liatever  increases  or  diminishes  the  force  with  which 
the  blood  is  driven  from  the  heart  toward  the  peripher>'  will  cause 
the  velocity  of  the  blood  and  the  pressure  in  the  arteries  to  vary  in 
•"La  Circulation  du  Sang,"  Paris.  1881.  p.  321. 
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Ike  aame  sense.  (2)  Wliatever  increases  or  diminishes  the 
tance  offered  to  the  blood  in  passing  from  the  arteries  (to  the  veins) 
will  cause  the  velocity  and  the  arterial  pressure  to  vary  in  an 
inverse  sense  as  regards  each  other.  That  is.  an  increased  re- 
sa&tance  diminishes  the  velocity  in  the  arteries  while  increasing 
the  pressure,  and  vice  versa. 

7h«  Time  Necessary  for  a  Complete  Circulation  of  the 
Blood. — It  is  a  matter  of  interest  in  connection  with  many  physio- 
kl^cal  questions  to  have  an  approximate  idea  of  the  time  necessary 
for  the  blood  to  make  a  complete  circuit  of  the  vascular  system, — 
thftt  18,  starting  from  any  one  point  to  determine  how  long  it  will 
take  for  a  particle  of  blood  to  arrive  again  at  the  same  spot.  In 
eoDsidering  such  a  question  it  must  be  borne  in  mind  that  many 
differvut  paths  are  open  to  the  blood,  and  that  the  time  for  a 
complete  circulation  will  vary  somewhat  with  the  circuit  actually 
followi?ti.  For  example,  blood  leaving  tlie  left  ventricle  may  pass 
through  the  coronan*  8\'stem  to  the  right  heart  ant!  thence  through 
the  puhnonary  system  to  the  left  heart  again,  or  it  may  pass  to  the 
extranities  of  the  toes  before  getting  to  the  right  heart,  or  it  may  pass 
throu^  the  intestiuee,  in  whicli  case  it  will  have  to  traverse  three 
ttplUary  mreos  In^fore  completing  the  circuit.  Itisohvious,  there- 
{6re«  that  any  figures  obtained  can  only  be  regarded  as  averages 
won  or  less  exact.  The  experiments  that  liave  been  made,  however, 
art  valuable  in  indicating  how  very  rapidly  any  substance  that 
latart  the  bk>«>il  may  be  tlistributed  over  the  body.  The  method 
filit  (KD})loyr^l  by  Ilcring  (1829)  was  to  inject  into  the  jugular  vein 
f  one  side  a  si>lulion  of  jxitassium  ferrocyanid^  and  then  from  time 

'  t^  '- ?;|xvinuMis  of  blood  were  taken  from  the  jugular  vein  of  the 

>ido.  "I'he  first  specimen  in  which  the  ferrocyanid  could  be 
'.  h\  its  n\HCtion  with  iron  salts  gave  the  least  time  necessary 
:. ,  .,  nplett*  circuit.  The  method  was  subsequently  improved  in 
its  Irchniral  details  by  Viemnlt,  and  such  results  as  the  following 
wera obUunrti :  l)og.  16.32  seconds;  horser2S.S  seconds;  rabbit,7.46 
ftfoiiikl ;  nmn  (calndated),  23  seconds.  The  time  required  is  less  in^ 
the  wftfrll  than  in  the  large  animals,  and  Hering  and  V'ierordt  con- 
ehhdf«)  that  in  general  it  reciuires  from  26  to  28  beats  of  the  heart  to 
sfl^t  a  «Hunplct<«  circulation.  Stewart  has  devised  a  simpler  and 
1  .  ■  .  - ictlunl .♦  l>asiHl  uix)n  the  electrical  conductivity  of  the  blood. 
,  .(ii»n  of  a  neutral  salt,  such  as  sodium  chlorid,  more  conccn- 

imtni  lliati  the  blood,  is  injected  into  the  circulation,  the  con- 
duclivilv  of  the  blood  is  increased.  If  the  injection  is  made  at  a 
ystvwi  ntomont  and  a  portion  of  the  vessel  to  be  examined  is  properly 
A  with  a  galvanometer  so  as  to  measure  the  electrical 
,  vity  lhn»u^:h  it.  then  the  instant  that  the  solution  of  salt 

tvac(M«  thi.-*  Utter  vessel  the  fact  will  be  indicated  by  a  deflection 
•"Journal  of  Physiology,"  15,  I,  1894. 
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of  the  galvanometer.  Using  this  method,  Stewart  was  able  to  show 
that  in  the  lesser  circuhition  {the  pulmonary  circuit)  the  velocity 
is  very  great  compared  with  that  of  the  systemic  circulation — 
only  about  one-fifth  of  the  time  required  for  a  complete  circuit 
is  spent  in  the  lesser  circulation.  Attentirm  may  alsfi  be  called  to 
the  fact  that  the  important  part  of  the  circulation,  as  regards  the 
nuiritive  activity  of  the  blood,  is  the  capiilar\'  path.  It  Is  while 
flowing  through  the  capillaries  that  the  chief  exchange  of  gases 
and  food  material  takes  place.  The  average  length  of  a  capillary 
is  estimated  at  0.5  mm.;  so  that  with  a  velocity  of  0.5  mm.  p)er 
second  the  average  duration  of  the  flaw  of  any  particle  of  blood 
through  the  capillarj'  area  is  only  about  1  sec. 

The  Pressure  Relations  in  the  Vascular  System, — That  the 
blood  is  under  different  pressures  in  the  several  parts  of  the  vascu- 
lar SA'stem  has  long  been  known  ami  is  easily  demonstrated.  When 
an  arter>'  is  cut  the  biood  flows  out  in  a  forcible  stream  and  with 
spuria  corresponding  to  the  heart  beats.  When  a  large  vein  is 
wounded,  on  the  contrary,  although  the  blood  flows  out  rapidly, 
the  stream  has  little  force.  Exact  measurements  of  the  hydrostatic 
pressure  under  which  the  blood  exists  in  the  large  arteries  and  veins 
were  first  published  by  Rev.  Dr.  Stephen  Hales,  an  English  clergy-* 
man,  in  his  famous  book  entitled  **  Statical  Essays,  containing 
BLaemostaticks,"  1733.*  This  observer  measured  the  static  pressure 
of  the  blood  in  the  arteries  and  veins  by  the  simplest  direct  method 
possible.  After  tying  the  femoral  arter>'  in  a  horse  he  connected 
it  to  a  glass  tube  9  feet  in  length.  On  opening  the  vessel  the  blood 
mounted  in  the  tube  to  a  height  of  8  feet  3  inches,  showing  that 
normally  in  the  closerl  arter>'  the  blood  is  under  a  tension  or  pressure 
sufficient  to  support  the  weight  of  a  column  of  blood  of  this  height. 
A  similar  experiment  made  upon  the  vein  showed  a  rise  of  only  12 
inches. 

Methods  of  Recording  Blood-pressure. — Since  Halee's  work 

the  chief  improvements  in  method  which  have  marked  and  caused 

the  development  of  this  part  of  the  subject  liave  been  the  application 

of  the  mercury  manometer  by  Poiseuillef  (1828),  the  invention  of 

the  recording  manometer  and  kymographion  by  Ludwigf  (1847), 

and  the  later  numerous  improvements  by  many  physiologists,  and 

latterly  the  development  of  methods  for  measuring  blood-pressures 

directly  in  man.     The  Hales  method  of  measuring  arterial  pressure 

directly  in  terms  of  a  column  of  blood  is  inconvenient  on  account 

of  the  great  height^  large  fluctuations,  and  rapid  clotting.     The 

two  former  disadvantages  are  overcome  by  using  a  column  of  mer- 

cuiy.     Since  this  metal  is  13.5  times  as  heavj'  as  blood,  the  column 

♦  For  an  account  of  the  life  and  works  of  this  physiologist  see  Dawson, 
"The  Johns  Hopkins  Hospital  Bulletin,"  vol.  xv.  Nos.  159  to  161.  1904. 
t  Poiseuille,  ^'R^'cherclu's  sur  la  force  du  cceuT  aortique."    Paris,  1828. 
t  Ludwig,  "Mijller's  Archiv  f.  Anatomic,  Physiologie,  etc.,"  1847,  p.  242 
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which  will  l>csu|>p(DrtiMl  by  the  bloott  will  Ik*  forrespondinRly  shorter 
uini  all  the  Huctuutions  will  be  sinulurly  retluccd.  Pou^uille 
|)I:ii'eii  the  mercury  in  m  U  tube  of  the  general  furni  sliown  in  Fig. 
192,  M.  One  leg  vvtis  ei^iiiiecteil  with  tlie  interior  of  an  artery  hv 
appropriate  tubing  filled  with  liquid  and  when  the  clamp  wu 
removed  from  the  vessel  its  pressure  displaced  the  mercun- in  ihc 
limbs  by  a  certain  aniount.  The  difference  in  height  between  the 
levels  of  the  mercury  in  the  two  limbs  in  each  experiment  gives  the 
blood  pressiare,  wliich  la  therefore  usually  expressed  as  being equil 
to  so  many  rnillmic*ters  of  mercury.  Hy  this  expression  it  is  inenfll 
that  the  pressure  within  the  artery  is  able  to  support  i\  colunrn 
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Fiff.  192. — A,  Schema  to  show  tl>e  rfrcardi»c  mercury  maDometer  uid  ita  t 
with  the  utorv:    A/.  The  m&nomet«r  with  tbo  puaition  of  the  inercurv  reprewaated  in  1 
(the  preMAira  u  givea  by  the  (lL«tanop  ia  milluneters  between  the  levew  1  uid  2;  onv-lu 
this  dist&noe  is  recorded  on  the  kyiuoffraphion  by  the  pea.  I*);  F,  the  float  rastinc  uoaa  Mrfg 
surface  nf  the  mercury :  Q,  the  cap  throucEh  which  the  stem  earryinx  the  pen  movee:  X.  olh*^^ 
for  driving  air  out  of  the  manometer  and  for  fiiUnK  or  waabiac  out  the  tube  to  th*  arl^y  '^ 
R.  the  rT<ceptacle  containing  the  so^jtion  of  jtodiuni  carbonate;  c  the  canntiJa  for  anaBrtkiP 
into  the  artery:   w.  the  wa.v)out  arranjoement  shown  in  detail  m  B.  ■ 

B,  The    wo-shout  cannula:    e.  the  Elaiw  cannula  inserted  into  the  artery;   r.  the  etem 
ooonected  with  the  rewrvoir  of  carbonate  solution ;  o,  the  stem  cunuected  with  the  maoott'i 
eter.     The  arrows  show  the  current  of   carbonate  »olution  during  the  proeaoa  o(  "TJiifir 
out,  the  artery  at  that  time  being  closed  by  a  clamp. 

of  mercury  that  many  millimeters  in  height,  and  by  multiplying 
this  value  by  1^.5  the  pressure  can  be  obtained,  when  desirable, 
in  terms  of  a  column  of  blood  or  water.  For  continuous  obser- 
vations and  permanent  records  the  height  of  the  column  of  mercun' 
and  its  variations  during  an  experiment  are  recorded  by  the  device 
represented  in  Fig.  192. 
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The  distal  limb  tii  the  U  tube  \n  whicli  tlif*  mercury  riMv  r»rrie«  a  float 
of  hanl  rubber,  nluminuni,  i>r  some  otlier  substance  UgUtcr  tiian  the  raerctiry. 
The  float  in  turn  bears  an  upright  steel  Tsire  which  at  the  end  of  the  f^Iass  tube 
plays  through  a  smull  opening  in  a  metal  or  (class  cap.  At  ita  free  end  it  bears 
a  pen  to  trace  t  he  record.  If  smoked  paper  is  u-sed  ttie  (len  id  simply  a  smooth- 
pointed  glatis  ur  metal  arm,  while  if  white  paper  is  employed  the  wire  carries 
a  amall  glass  pen  with  a  capillary  tube,  which  writers  the  rt^conl  in  ink.  The 
tube  connecting  the  proxinud  end  of  the  manometer  to  the  artery  of  the  ani- 
mal must  be  filled  with  a  ntilution  llmi  retanlH  the  (.■xjf4j;ulution  (►f  blood.  For 
this  purpoee  one  employs  ordinarily  a  saiurnted  solution  of  sodiuui  carbonate 
and  bicarbonate  or  a  5  per  vi'.ni.  Holution  of  soflium  citrate.  Thii*  tube 
16  connected  also  by  a  T  piece  to  a  reservoir  containing  the  carbonate  stilu* 
lion,  and  by  varj'ing  the  height  of  this  latter  the  ijrt-ssure  in  the*  tube  and 
the  manometer  may  be  adju9te<i  beforehand  to  the  pressure  that  is  aup- 
po«ied  or  known  to  exist  in  the  artery  under  experiment.  Bv  this  mtjans 
the  blfKwl,  when  connections  arc  made  with  the  manometer,  (}oes  not  pen- 
etr:ite  far  into  the  tube,  ami  elotting  is  thereby  delayed.  In  lon^  obser- 
vations it  i;s  ni(wt  convenient  to  use  what  is  known  ns  a  imshoui  aiunulfiy 
the  structure  of  which  iw  rejjresented  in  Fig.  192,  H.  When  this  instru- 
ment is  attached  to  the  cannula  inserted  into  the  hlor>il-ves(iel  (ine  ran,  after 
first  clamping  off  the  artery,  wa^^h  out  the  comiections  between  the  artery 
and  the  manometer  with  fresh  cartxinate  solution  t\s  ttften  us  desired.  By 
such  meuns  continuous  records  of  Hrteri:tl  pressure  iiiuy  1»«  ubtuined  during 
manv  hours.  Delermiujitiuns  of  llie  prestiure  in  the  veins  may  be  made  with  a 
fcimifar  apparatus,  but  owing  to  the  low  values  that  prevail  on  this  side  of 
the  circulation  it  is  rin>re  eonvenienl  to  use  wmie  form  of  water  nuinometer 
and  thus  record  the  venous  prert.Nures  in  term?  of  the  height  of  the  water  column 
supported.  It  should  be  added  alho  that  when  it  is  necessary  to  know  the 
pressure  in  any  special  artery  or  vein  the  connections  of  the  manometer  are 
made  usually  to  &  flide  braneh  ujjeninp  more  or  less  at  right  angles  into  the 
ve88<*l  under  investipalion.  or  if  this  is  not  possible  then  a  J  tube  is  inserted 
and  tlie  manometer  is  connected  with  the  side  branch.  The  reason  for  this 
procedure  is  that  if  the  arler}'  itselt  is  ligated  au'l  the  manometer  is  con- 
nected with  its  cenind  stump,  the  (low  in  it  and  its  dej>endem  system  of  capU- 
laries  and  veins  is  eut  off;  tlie  stump  of  the  arterj'  constitutes  simply  a  con- 
tinuation of  the  lube  from  the  manometer  and  servet*  as  a  tside  ronncction 
to  the  intact  arter>'  from  which  it  uHp^^s.  Thus,  when  a  manometer  is  inserted 
into  the  carotid  artery  the  prestniire  that  is  measured  \a  the  Hide-pre.K.snre  in 
the  innominate  or  attrta  from  which  it  arises,  wliile  a  cannula  in  the  central 
Stump  of  a  femoral  artery  measures  the  pressure  in  the  iliac.  A  spwinu^n  of 
what  is  known  as  a  bIoo<l-presKtire  reeord  is  shown  in  Fi^.  I'.J3,  The  exact 
pressure  at  any  instant,  in  millimeters  of  mercury,  it*  obtainei-I  bv  measuring 
the  distance  between  llie  ba-se  line  and  the  record  and  multiplying  by  2. 
The  base  line  reproynts  the  position  of  the  recording  [x^n  when  it  is  at  it^ 
aero  position  for  the  conditions  of  the  experiment.  It  is  necessary  to  multiply 
the  distance  between  the  base  line  and  the  rw'ord  by  2,  because,  as  is  st*en  in 
Fig.  101,  (he  recording  apparatus  mojisnres  only  the  rise  of  the  mercurj"  in 
one  limb  of  the  manometer;  there  is,  of  course,  eui  equal  fall  in  the  other  linib. 

The  blood-preasure  record  (V\^,  193)  shnws  nsnnllv  \i\r^v  f^ivtb* 
nucarvanatifuia  correapotidiTiL^  to  tlie  respiratory  movements  and  in 
addition  smaller  waves  eauj^ed  \>\  the  heart  l)o;it.     Tb<^  causes  of  the 


respirator}'  waves  ot  pressure  are  disciissed  in  the  section  on  respi- 
ration. Regarding  the  heart  waves  or  pulse  waves  the  usua!  record 
obtained  by  means  of  a  mercury  manometer  gives  an  entirely  false 
picture  of  the  extent  of  the  variations  in  presnire  caused  by  the  heart 
beat.  The  mass  of  rnerci^r}'  possesses  considerable  weight  and  iner- 
tia, which  imfits  it  for  follownng  accurately  very  rapid  changes  in 
pressure.     When  the  pressure  changes  are  slow,  as  in  the  case  of 
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the  Innp  respirator^'  waves  seen  in  the  record,  the  manometer  un- 
doubtedly indicates  their  extent  with  entire  accuracy.  But  when 
these  changes  are  ver>-  rapid,  as  in  the  beat  of  a  dog's  or  rabbit's 
heart,  the  mercury  thics  not  register  either  extreme  in  the  variation,  i 
but  tends  to  record  the  mean  or  average  pressure.  The  full  extent 
of  the  variations  in  arterial  pressure  caused  by  the  heart  beat  can  be 
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K)3. — TypiciJ  bJiiod  praaHura  ntcord  with  mercury  manometer:    Bp,  The  r«con| 
nhnwinif  the  hcArt  hent<i  ftnc]  tne  lamer  rurv«n  Htie  to  the  mtpiratiofui  (mfipirat<tr>'  wnvo* 


of  faiood-pre»ure)  and  fitill  lunoer  wavefi  due  to  vaaomator  chaiiKtM:  f.  the  time  line.  ci\'in9 
the  time  Ui  mcoatii*.  The  aclUAl  arterial  preaMire  at  any  moment  L*  the  (li.>>tnnrc>  fmm  the 
baas  line — that  ia.  the  line  ut  leni  prcMure— to  the  blooa-prawure  line,  multiplitMt  by  two. 
Thcfe  values  are  indicat'cvl  in  the  vertical  line  drawn  to  the  right,  which  »howa  that  the 
averajfB  pnflnire  nt  tiio  time  of  the  f!xr>erment  wa3  100  mmn.  H((.  The  iimall  ftiae  of  the 
variationa  in  preosuip  due  to  earh  heart  brat  i»  alt'-isether  a  falw  picture  due  to  the  inertiA 
of  the  memiry.  it«  inability  to  follow  completely  the  quick  chance.  Each  heart  beat.  iaebMa  j 
of  bcinc  lower,  should  be  higher  than  the  re«pirutory  waves. 


determined  by  other  means  (see  below),  and.  if  the  knowledge  thus 
obtaine*i  is  appliefl  to  the  correction  of  the  record  of  the  mercun* 
inanonicter,  the  tracing  given  in  Fig,  193  shouhl  have,  so  far  as  the 
heart  beats  areconcenied,  soniewliat  the  apj^nrance  shown  in  Fig. 
104.  This  latter  figure  gives  a  more  accurate  mental  picture  of 
the  actual  eonditiuns  of  pressure  in  the  large  arteries,  as  influenced  by 
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Ae heart  beat.  Theee  arteries  are,  in  fact,  subject  to  very  rapid  and 
Hry  extensive  changes  in  pressure  at  each  beat  of  the  heart,  and 
tiiMe  changes  are  naturally  more  pronoimce<I  when  the  force  of  the 
heart  beat  is  increased, — for  instance,  I  y  muscular  exercise. 

Systolic^  Diastolic,  and  Mean  Arterial  Pressure. — As  stated 
in  the  last  paragraph,  the  arterial  pressure  in  the  larger  arteries 
undergoes  extensive  variations  with  each  heart  l)eat.  The  niaxi- 
Dun  prcoDurc  caused  by  the  systole  of  the  heart,  the  apex  of  the 
pabe  wave,  is  spoken  of  as  systolic  pressure;  the  niininiutn  pressure 
in  Uw  artert' — that  is,  the  pressure  at  the  end  of  the  diastole  of  the 
heart,  or  the  bottom  of  the  pulse-wave,  is  known  as  the  diastolic 
frmsure.  In  a  dog  under  onlinar>'^  conrlitions  of  experimentation 
the  sj'stolic  (lateral)  pressure  in  the  norta  may  he  as  much  as  168 
moia.,  while  the  diastolic  pressure  is  only  100  xnms.     In  man  the 
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ns.  11*1  ScUfrmatic  representation  of  Ibe  preemirs  chango  ealUftd  by  each  heart 
.  The  acitriiia  rvpresenlM  three  heart  bo&tffiAippoaed  to  botvoorded  on  arafiidlyinoving 
_  J-  *  fnafioinef«r  delicate  enough  to  follonr  the  preonire  obaana  aecumtely.  The 
ol  Um  puias  wsve  inea«una  tlte  systoLio  pronaurc;   the  bottom  t£o  diftstolic  preaeure. 
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in  n^und  nun^bers  as  equal  to  1 10  ^u  ]  \u  mhils.,  while  the  diastolu' 
pres.-sure  is  only  65  tf  75  mnis.  The  difference  between  the 
systolic  and  the  diastolic  pressure  has  been  designated  con- 
veniently as  the  pulse  pressure.  It  measures,  of  course,  the 
variation  in  pressure  in  any  given  artery  causetl  by  the  heart  heat, 
vid  ai  far  as  that  artery  is  concerned  it  gives  the  force  of  the 
heart  beat  except  for  the  small  component  used  to  accelerate 
the  movement  of  the  blood.  From  the  figures  given  above  it 
will  be  seen  that  the  pulse  pressure  in  the  brachial  artery  of 
num  averages  45  mms.  Hg.  Each  systole  of  the  heart  distends 
this  Artery,  therefore,  by  a  sudden  increase  in  pressure  equal 
to  the  weight  of  a  column  of  mercury  45  mms.  high.  As  we 
J50  outward  in  the  arterial  tree  the  pulse  pressure  becomes  less 
JUid  less,  the  oscillations  in  pressure  with  each  heart  l^eat 
less    marked,   untib   finally,  in    the    smallest   arteries    and 
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capillaries  and  in  the  veins  there  is  no  pulse  wave,  and  no  difference 
between  systolic  and  diastolic  pressure.  In  speaking?  of  the  pressure 
in  the  blood-vessels  we  refer  usually  to  what  is  called  the  mean 
pressure.  It  is  obvious  that,  so  far  as  the  larger  arteries  are  con- 
cerned, the  mean  pressure  is  only  a  convenient  expression  for  the 
average  pressure  during  a  certain  period.  If,  by  the  methods 
described  below,  we  determine  the  systolic  and  diastolic  pressures 
in  the  artery  of  a  man,  and  assume  that  there  has  l>een  no  general 
variation  l>etween  the  two  observations,  we  can  estimate  the  mean 
pressure  wnth  approximate  accuracy  by  taking  the  arithmetical 
mean  of  the  two  figures,  or  by  adding  to  the  diastolic  pressure  one- 
half  of  the  pulse  pressure. 

The  anihmetical  nm&n  of  systolic  &n(l  diastolic  pressures  during  any  eiven 
heart-beal  does  not  ^ive  the  true  mean  preflsiire.  owing  to  the  form  of  the 
pLilse  wave  (see  Fig.  214).  If  the  rise  from  diastolic  to  systolic  pressure  aod 
the  eucceeding  fall  took  place  uniformly,  so  that  the  pulse  curve  constituted 


Kg.  Itffi. — Schema  Uj  in<Jieate  the  fpenerfti  relAtiniu  uf  byaioUc,  meaD,  and  (UttMoUo 
prMmw  throuKtumt  tht*  arteriiU  tfyntom:  «.  Hyxtotir;  m,  mftnn;  rf.  diaAlntic;  e,  pmvurs 
at  ha^ntng  of  the  capiUurie>i.  Tlie  diMaiice  from  *  to  d  repreeeDU  tbe  pulM  preMure  &t 
different  parts  of  tbe  arterial  i^yftcni. 


a  true  trianiele,  the  true  oiean  pressure  would  be  given  by  the  arithmetical 
mean  of  the  two  pressurfs.  Ah  a  matter  of  fact,  the  descending  limb 
of  the  pulse  cur\e  i«  not  a  straight  but  a  curved  line,  and  it  i»  broken, 
moreover,  by  st^condary  waves.  The  |K>8ition  of  the  mean  pressure  during 
any  given  heart-beat  will  vary,  therefore,  with  the  form  of  the  pulse  curve. 
Generally  speaking,  it  lies  nearer  to  the  diaslolii'  thitn  to  tlie  wyntolic  level.* 

In  physiolojrical  ohHcrvations,  as  a  nile.  no  attempt  Ls  made  to 
estimate  the  mean  pressure  for  any  given  lime  with  mathematical 
accuracy.  In  the  ordinary  tracing  as  given  by  the  merctiri'  man- 
ometer (Fig.  193)  the  mean  pressure  for  any  driven  period  during 
which  the  variations  have  l.)een  symmetrical  and  n(»t  extreme  is 
estimated  ms  the  arithmetical  mean  of  the  highest  and  lowest 
points  reached.  When  desirable,  the  mean  pressure  may  be 
recorded  by  introducing  a  resistance  (narrowing  the  tube  by  means 
of  a  stopcock)  l)etween  the  arter>'  and  the  manometer.  The  latter 
*  See  Dawson,  "  Britiah  Medical  Journal,"  1906.  096. 
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Flu:.  19^- — DUirTftTn  «howin(r  oonBtnietion  nf  Hflirthla'fi  m&nometAr. — (Aftf^r  Curtit.) 
The  interior  of  fhe  heart  or  the  artery  la  cnnnoptoti  by  rigid  tubing  ton  very  flmoJl  tambt/ur, 
7',  The  tubing  and  the  lambnur  are  filled  with  litiuid.  The  movements  nf  ihe  ruhlwr  dam 
covering  the  t&tnbour&re  trrently  maKnitied  by  h  rnruiKiund  lex'er,  S.  Thf*  teniiency  of  thia 
lever  to  "fling"  may  lie  prevented  \>y  an  arrangc>ment  not  chawn  in  the  diagnim.  The 
eneDtial  principles  uf  the  recorder  are.  first,  liquid  conductian  from  heart  to  tambour; 
Meond.  a  veryamaU  t&mb<iur  and  membrane  so  that  a  niininial  volume  of  liquid  et4!apefl 
from  tbe  heart  into  tbr  tanibour. 


will  then  record  mean  pressure  and  show  no  variations 
with  the  heart-beat.  A  general  idea  of  the  variatioriH  in 
systolic,  diastolic,  and  mean  pressures^  throughout  the 
arterial  system,  may  be  obtained  from  the  schema  given 
in  Fig.  195. 

Method  of  Measuring  Systolic  and  Diastolic  Pres- 
siire  in  Animals. — In  animals  a  manometer  may  be  con- 
nected directly  with  the  artery  and  systolic  and  diastolic 
pressures  may  be  obtained  in  one  of  two  general  ways: 
(1)  By  using  some  form  of  pressure  recorder  or  manom- 
eter sufficiently  mobile  to  follow  very  quick  changes  of 


To  the  arten/ 


Ft^.  297. — Schema  to  Ulustrata  tbe  usfc  of  valves  In  determining  maximum  (aystoUc) 
uid  minimum  (diastolic)  blood-proaaure.  When  ntiipunck  a  \^  open  the  heart  beata  are 
transmitted  through  the  maximum  vn.lvi«  iimj  the  mercury  in  the  manometer  is  prevented 
from  fnllinfc  l>etweeii  beats.  Tlie  mani>inetcr  will  record  the  highest  prewure  reached  durins 
tbe  pericHl  uf  obaervation.     Tim  rovenw  uccurti  when  vuive  h  uluue  ia  upou. 
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pressure.  (2)  By  using  a  mercury  manometer  provided  with 
maximum  and  minimum  valves.  Of  the  manometers  that  have 
been  devised  to  register  accurately  the  quick  changes  in  pressure 
due  to  the  heart  boat,  the  one  that  has  been  most  frequently  used 
is  the  membrane  manometer  of  Hiirthle.* 

The  principle  made  uae  of  in  the  HOrlhle  manometer  is  illustrated 
by  the  diaKrani  in  Fig,  !9<5.  The  instnmiont  consists  essentially  of  a  small 
box  or  tanihoiir  of  very  limiteil  capacity;  the  top  of  the  tnmbour  is  covered 
with  thin  rubber  darn  and  the  cavity  is  filliMi  with  liquiil  and  connected  by 
riffid  tvtbinja;.  jilso  tilled  T,\ilh  liquid,  wilh  the  interior  of  the  artery  or  heart. 
VariatioiiH  in  pressun^  in  the  artery  are  transmitted  thnmgh  the  column  of 
liquid  to  the  rubl)er  iri*Mnhriiiie  of  the  tmnlxiur,  and  llie  riiuveaienta  of  this 
latter  are  greatly  niinrnified  by  a  sensitive  lever  attached  to  it.  The  liquid 
eondnction  and  the  smntl  siae  of  the  tambour,  which  prov.ents  any  notice- 
ublc  outflow  cif  liquid,  rombine  to  make  u  snnsiljvc  and  ver>'  prompt  rtvorder 
of  prcHHure  changcj^.  It  is  netvasary  to  calibnile  this  instrument  whenever 
used  in  order  1o  j^ive  attsohite  values  lo  the  recorlfl  obtained.  A  specimen 
of  a  blood-presMure  record  oblaintTl  with  this  instrument  is  shown  in  l-ig.  19S. 
It  will  be  noticed  that  the  size  ai  the  heart-beat,  relative  to  the  dintance  from 
the  base  line,  is  much  gresiter  than  in  the  record  obtained  with  the  mercury 
manometer,  Fig.  193. 


Fig.    198. — Blood -pr«Aau re  rerorrJ  fmni  a  dog  with  a  Hflrthle  mnnnniet«r.     The  i 
of  the  heart  beatfi  io  rrlaiively  much  grvater  than  with  a  mpirury  manometnr.      In  this  e 
the  ayattiiie  pramure  ut  about  IfiO  mms.  Hg;  the  diaAtolie,  100  mms.;  ami  the  heart  beat  oc 
puLae  praasure,  50  mma. 

The  method  that  depends  upon  the  use  of  maximum  and  minimum  valve 
mav  be  understoijd  by  reference  to  Fig.  11)7.  On  the  path  between  the  »rtciy 
and  the  (nunorneter  one  may  place  a  maximum  ajul  a  njunmum  valve  so  ar- 
ranf^ed  that  the  bl<Mxl-pre4*aure  and  heart  l>eiit  may  i*  traiiMuitted  through 
either  valve.  A.s  is  >h()wn  by  the  figure,  if  the  ronneftion  is  maintained 
tlirough  the  maximum  valve  for  a  certain  time  the  higfiest  pressure  reached 
during  that  period  will  Ije  recorded,  while,  when  the  minimum  valve  ia  i 
the  lowest  pressure  reached  will  be  indicated. 

Such  valvea,  of  course,  act  slowly  and  can  not  l>e  used  to  determine  Ih  _ 
maximum  and  mintmum  prewure  in    the  artery  during  a  single  heart  beat; 
they  record  the  highest   and  lowest   point  reached  during  a  certain  given  ' 
interval. 

Actual  Data  as  to  the  Mean  PreBSure  in  Arteries,  Veins, 

and  Capillaries. — The  nieiin  value  of  the  pressure  in  the  aorta 

bos  l>een  determined  for  many  manunals.     It  is  found  that  the  actual 

•  Archiv.  f.  d.  geeaminte  Phyaiologie,"  49,  45,  1891. 
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Fif  tV9. — Curve  ahowing  the  re&ulU  of  actual  measurement  of  ayfltoUc,  dlaBtolie,  ami              ^^^| 

Mtta  M«Man  (lateral  prassurea)  along  the  aorU  nnil  femomi  of  the  dng.     The  branchaa              ^^H 

^f^Mfb  which  the  lateral  preasunM  wera  obtained  are  imtiraieil  mt  ftiUowA!  .S^.  \jfft  mb-              ^^^| 

1       i^^'  ^''^'  «**""  "f**^  ■unwior  meeenteric:  R.  left  rt-naj;  F.  left  femoral  (Ellenbcrser              ^H 

^^K*  Baaml,  external  lUao;   P.  prnfunrln  branch  of  renionil:    S.  taxuhenn.     Thn  preMure  in               ^^^1 

^^■Blriiicter*  is  given  aloQK  the  ordinate^  to  the  lefL      It   wiH  >>p  riote<i  IhAl  the  mean  and                ^^H 

^^^^«ii*4ti>hc  preeeurea  ramain  pmclicalty  the  aanie  thnmehout  the  ile*.r«>nitin|i  anrta  and               ^^^^| 

^^**'*  tW  f«nr>ral.     The  s\'stnlir   pressure  ahnwe  a  marked  iucreoM  a(   the  lower  end  o(                ^^^| 

r*  *^rt«  and  ih^n  falls  on  rapidly.     The  pulse  preaaure  at  the  inferior  enil  of  the  dcKcend'               ^^^| 

"C  aoru  ii  much  larger  than  at  the  areh.— (/>av«0n.)                                                                           ^^H 

%urcs  vary  with  the  comlit.ioas  under  which  the  results  have  Ix^en                 " 
obtained.    Such  values  as  the  followiug  may  be  quoted:* 

1                   Horse 321  mnis.  to  150  mras.  Hg, 

^_             Dog 172     "       "104      '•       " 

^B           Sheep 206    "       "156     "      " 

^B            Cat 150     " 

^H            Rabbit 108     '*       "    90      " 

^^^^     Man  (pn>bable.  Tigeretedt) 160     " 

^^^B               *  See  Volkmann.  "Die  Haemodyuamik."  1850. 
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It  appears  from  these  figures  that  there  is  no  proportion  between 
the  size  of  an  animal  and  the  amount  of  mean  arterial  pressure.  It 
is  probahle  that  there  may  be  a  general  relationship  between  the 
size  of  the  animal — that  is,  the  size  of  the  heart — and  the  amount 
of  pul.se  pressure  or  the  oscillation  of  pressure  with  each  heart  beat, 
but  sufficient  data  are  not  at  hand  to  determine  this  point.  As 
we  pass  from  the  aorta  to  the  smaller  arteries  the  mean  pressure 
decreases  somewhat,  although  not  very  rapidly,  while  the  pulae 
pressure  {lecreaaes  also  and  to  a  more  noticeable  ejct-ent. 

This  fact  is  illustrated  in  Fig.  199,  which  gives  a  graphic 
repre.^entalion  of  a  iuirnl>er  of  experinientaJ  determinations*  of 
systolic  and  diastolic  pressures  in  the  large  arteries  of  the  dog. 

If  we  turn  to  the  other  end  of  the  vascular  system,  the  veins, 
we  find  that  the  lowest  pressure  is  in  the  vemv  cava*  and  that  it 
increases  gradually  as  we  go  toward  the  capillary  area.  Accord- 
ing to  one  observer,!  the  fall  in  pressure  from  periphery  toward 
the  heart  is  at  the  rate  of  1  nun.  Hg  for  every  35  mnis.  of  distance. 
We  have  such  figures  as  the  following: 

Doa  (Opm).  Suebp. 

Superior  veiu  cftva  (near  JuguUr  vein     .......    0.2  mm.    Hf. 

auncte) >  — 2.MmmB.  Hg.        Kaoi&l  vpin 3.0  mma.  " 

Superior  vena  cava  more  Branch  vf  bnkchiaJ    .      .  .    9.0     "       '* 

di«Ul =  — I.M      •'       "  Cninil 11.4      *'       - 

External  luipilar  Cleft)  .  .  «>     0.62  mm. 

Rillit  brachial     —     3.90  mmi.  " 

Left  facial -      5.12      " 

Uft  fi?rii«irnl ^       539     " 

I^fl  saphenous        .       .   .  =      7.42     " 


Fig.  200.-  Bchematic  rvprvwotation  of  the  se&eral  rvlatioiu  of  blood^pramum  (sitJa 
pr«HMiir«)  in  UifTerent  part.«  of  the  vascular  synteni:  a,  Tlic  ftrt«>ne«;  c.  the  CApilbineH;  t, 
the  vrtiitt.  Tlie  tUM^ii  and  diaatolic  pre«iiur«  rvinatn  ntrarly  r<>nrt&Dt  in  the  ftrtvnal  ff>'9t<«m. 
ait  far  OH  they  cnii  be  nirivtiimd  accuraiflly.  T\*f  prt^-^uren  tii  the  vfint*  ftrv  repre»enle<l  ■■ 
oniform  at  any  one  point,  in  the  larn  veinM  near  tlie  heart  there  are  vahatiuiu  of  prvavura 
with  e*cb  raspiration  and  with  each  heart  beat  (Veooiu  PuIm.  p.  629). 

At  the  heart,  therefore,  the  pressure  of  the  blood  upon  the  walls 
of  the  veins  is  very  smalt,  and,  indeed,  owing  to  the  circumstance 
that  the  large  veins  lie  in  the  tlioracic  ca\'ity.  in  which  the  pres- 
sure is  below  that  of  the  atmosphere,  the  pressure  of  the  blood  in 

•  Dawson,  ".^merir-Kn  Journal  of  Ph>'8ioloKy,'*  l.**,  244.  1906. 

t  Burton-OpitK^  ''American  JoumaJ  of  Physiologj',"  9,  198,  1903. 
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them  may  ;ilso  be  below  atinospheric  prl^si^u^c,  although  doubt- 
less at  tliis  point  (vena  cava)  the  prc.s.sure  within  the  vein  is 
greater  thun  the  pressure  on  its  exterior  (intrathoraeic  pressure). 
Taking  into  account  the  negative  intrathoracic  pressure  (p.  658) 
it  may  he  estimated  that  tht*  fUfference  in  pressure  between  the 
blood  in  the  veins  of  the  neck  and  that  in  the  superior  vena  cava 
is  equal  t^.)  4  or  5  nims.  Hs-,  and  this  difference  is  sufficient  to  drive 
the  l)loi>d  into  the  heart  and  to  fill  and  diwtend  it  rapidly  during 
diastole*  To  complete  the  general  conception  of  the  pressure 
relations  in  the  vascular  system  it  is  necessary  to  know  the  pressure 
of  the  blood  in  the  smallest  arteries  and  veins  and  in  the  capillaries. 
It  is  not  iKissible — in  the  cases  of  the  capillaries,  for  instance — to 
connect  a  manometer  directly  with  the  vessels,  and  recourse  has 
been  had  to  a  less  direct  and  certain  method.  The  pressure  in  the 
capillaries  in  <lifTerent  regions  of  the  skin  hjus  been  estimated  by 
determining  the  pressure  necessary  to  obliterate  them — that  is,  to 
blanch  the  skin.  A  glass  plate  is  laid  upon  the  skin  or  mucous 
mendjrane  and  weights  are  ndih'd  until  a  distinct  change  in  the 
color  of  the  skin  is  noted  t  Knowing  the  neccssar^y  weight  to  pro- 
duce this  effect  and  the  area  submitte<1  to  compression,  the  pressure 
may  be  expresscnt  in  terms  of  millimeters  of  mercury  or  blood. 

The  follow-inp  example  may  Ikj  uwd  iG  illustrate  this  method,  Suppose 
that  the  Rlass  pSnte  hjis  an  urea  of  4  sq.mins..  and  that  to  blanch  the*  skin  under 
it  a  weight  of  1  gm.  is  necessary;  1  gm,  ul  water  =  1  c.c.  or  1000  c  mins. 
ITierefore  to  blanch  this  area  would  require  a  column  of  water  contaia- 
ing  1000  crams,  with  a  croea-area  of  4  Bq.mtna.  The  height  of  this  column 
would  therefore  be  equal  to  ^V*^  or  250  mnis,  of  water, — that  is,  18.5  nims- 
Hg. 


The  results  obtained  by  this  method  are  not  veiy  constant  and 
can  only  l>e  considered  as  approximate.  It  would  apj)ear,  how- 
ever, that  the  presstire  lies  soniewhere  between  20  and  40  mmg. 
of  merciir>'.  Thus,  npou  tlie  gnras  of  a  rabbit  von  Kries  foimd  a 
capillary  pressure  of  33  mnis.  Hg. 

By  means  of  a  more  adjustable  instrument  vun  Reckling- 
hausen J  estimates  that  in  man  the  j>res8ure  within  the  capil- 
laries of  the  finger-tips  or,  to  be  more  accurate,  within  the  small 
arteries  supplying  these  eapiUaries,  is  equal  to  55  mnis.  Hg. 
(See  p.  507.) 

The  general  relations  oi  the  pressures  in  arteries,  veins,  and 
capillaries  may  be  expressed  in  a  rurve  such  as  is  shown  in  F'ig. 
200. 

It  should  be  addeil  tlial  in  tliis  curve  and  in  all  the  figures 
80  far  quoted  in  regard  to  the  actual  pressure  within  tJie  different 

•  Henderson  and  Barringer,  "Amer.  Journal  of  Phj'siology,"  31,  352.  1913. 

t  V.  Krias,  "Berichted.  Sacha.  Geaellschaft  d.  Wish.  Matli.-phve.  ClasBe," 
1875,  p.  14S. 
X  Von  Recklinghausen,  ".\rchiv  f.  exp.  Path.  u.  Phannak,"  55,  375,  1907. 
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arteries  and  veins,  it  is  assume<l  that  the  amiiKil  is  in  a  renmihcnt 
posture.  In  an  animal  standing  upon  his  feet,  especially  in 
an  upright  animal  like  man,  it  is  obvious  that  the  eflfect  of 
gravity  will  modify  greatly  the  actual  figures  of  pressure.  Upon 
the  arteries  and  veias  of  the  feet,  for  example,  there  will  be 
exerted  a  hydrostatic  pressure  equal  to  tlie  height  of  the  column 
of  liquid  between  the  feet  and  the  heart,  which  adds  itself  to  the 
pressure  resulting  from  the  circulation  as  caused  by  the  heart. 
When  the  animal  is  in  a  recumbent  position  the  hydrostatic  fac- 
tor practically  disappears.     (See  p.  515.) 


Fi«  2<»1.— KijTUre  of  the  Riva-Rucci  apparatus  (Snhli):  n,  Tho  leather  oollar  wilfc 
inaido  rubber  bujc  (/t  go  i^n  the  ami ;  c,  the  bulb  Tor  blowing  up  the  rubber  l>a«  and  tbui 
oomprettiuns  the  ar1«ry;  li,  the  manoineter  dipping  into  the  rcaorv'oir  of  mercury, o,  to  mea» 
mm  th«  Amount  of  praBsuro. 


The  Method  of  Deteimining  Blood-pressure  in  the  Large 
Arteries  of  Man. — It  is  a  matter  of  interest  and  pniftieal  impor- 
tance to  ast-erlain  even  appnjximately  the  arterial  pressure  in  man 
and  its  variations  in  health  and  tlisease.  The  first  practical  method 
for  determining  this  pxnnt  npon  man  was  suggested  by  von  Basch 
(1887),  who  devisetl  an  instrument  for  this  purpose,  the  sphygmo- 
manometer. Since  that  time  a  numl)er  of  different  instnmients 
have  lxx?n  described,  hut  attention  may  Ik.*  called  to  two  only,  which 
illustrate  .sufficiently  well  the  principles  involved.  In  the  dr^t 
place,  it  must  be  clearly  reco^puzwi  that  the  arterial  pressure  in 
the  large  arteries  of  man  shows  marked  variations  w*ith  the  heart 
beat;  the  pressure  during  the  beat  of  the  heart  rises  suddenly 
to  a  much  higher  level  than  during  the  tiiastole.  The  relation  of 
the  systolic  (or  maximum)  and  diastolic  (or  minimum)  pressures 
is  indicated  by  the  diagram  in  Fig.  195.  The  instruments  that 
have  been  invents!  for  determining  human  blood-pressure  are  in 
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reality  adapted,  more  or  less  accurately,  to  detennine  one  or  the 
other  or  both  of  these  presnurcs.  No  instrument  has  been  devised 
for  detennining  the  mean  pressure,  ami  as  a  matter  of  fact  such 
a  thing  a^  mean  pressure  floes  not  exist  in  the  large  arteries,  it  is 
simply  an  abstrartiun.  What  really  (leeurs  in  these  arteries  is  a 
rapid  swing  of  pressure  with  each  heart-beat  from  the  diiustolic 
to  the  systolif  level,  and  to  interpret  fiilSy  our  reccjrds  it  is  impor- 
tant to  determine  e4i(*h  of  these  vaJues.  The  methods  that  have 
been  pro[M>8ed  for  this  purpose  have  undergone  a  gradual  evolu- 
tion and  improvement.  The  detemiinations  of  systolic  pressure 
were  first  made»  aecordinp  to  the  princi|)le  suggested  by  von  Ba.suh, 
by  ascertaining  the  pressur*;  that  is  just  sufficient  to  ot-elude  an 
artery,  so  that  a  pulse  wave  cannot  pass  through.  The  simplest 
form  of  apparatus  for  this  purpcjse  is  the  one  proposc^d  by  Riva- 
Roeei  and  represented  in  Fig,  201.  Instruments  of  this  kind  are 
known  as  sphygmomammieters. 

The  leather  or  canvas  bamJ,  ti,  is  bucklfd  sruigly  aroumi  thp  arm.  On 
the  inner  surfiu:*;  of  this  b:tnil  there  Is  »  riihher  hap  wltich  ounimunicutes  with 
Uie  Micrcun'  mfUioiiiK^tpr,  *!,  :m<l  the  prfs.«urt'  hiilb,  r.  When  tho  htind  ih  in 
place  rhythmical  eiiiiipre.-<^ion.s  <if  «■  will  font"  nir  into  lh<'  nihher  h.'tg  [*urrouml- 
inj?  the  anil.  Tliis  h:iK  is  fjlown  U[i  iitnJ  ex*^rts  i^ri'^surc  upon  the  arm  and 
thrr«i(th  the  ami  tissue  ii(w«i  rhi'  brachial  artery.  Thi*  amount  of  pressure 
thut  iM  txnriK  exertc<!  u|Kin  the  arm  iw  imhcati'd  at  any  moment  by  the  mer- 
cur>'  [nanometer.  The  ni<iment  of  ohlitenition  of  the  artery  is  determined 
by  foelinj;  for  recording)  the  pulse  in  the  radial  arten*.  Tin-  moment  that 
thiMpubc  disappears,  an  the  prcs.surc  npon  the  linuhial  is  ntiscd.  indicates  t.lie 
maxmnim  or  .syslolic  pressnrr  in  the  hnichial  artery.  As  the  prt^surc  is  l<uv- 
erefl  agitin  the  puls<»  renppcars.  Amon^  other  stnirccs  of  error  iriv*olv*Hj  in 
this  niethrxl  it  is  to  he  reinKrotberctl  that  the  taclile  sensibility  is  not  sarti<Mently 
delicate  to  detect  a  minimal  pulse  in  the  artery.  (Hher  rneihixls  of  iU^Ieiniin- 
ing  the  .systolic  pressure  (,aee  helouO  indicate,  as  a  matter  of  fact,  that  the 
pul^e  continues  some  time  after  im  individual  of  average  tactile  scoaibility  is 
unable  to  detect  it. 


For  pra<*tiea]  ptirposcs^  a  great  improvement  was  made  by 
Korotkoff  in  the  intn)t]uetioii  of  the  auscultation  method  by  means 
of  whieh  Ixjth  systolic  and  diastoUe  pressures  may  be  determined 
rapiilly  witli  ap|>roximate  aecuracy.  In  this  method  the  euff 
with  its  pueumutit*  ba^x  (/')  is  placed  round  the  arm  ai>ove  the  elbow, 
and  by  means  of  a  bull)  (c)  or  pump  the  pressure  within  the  pneu- 
nmtie  bag  is  raised  until  the  brachial  arter>'  is  completely  obliter- 
ated. A  stethoscope  is  now  applied  to  the  location  of  tlu*  brachial 
artery  just  below  the  lower  edge  of  the  cuff,  and  by  means  of  a 
needle  valve  the  pressure  on  the  artery  is  allowed  to  drop  slowly. 
The  motnent  that  the  pressure  falls  to  a  point  at  which  a  putsc 
wave  can  break  through  the  constricted  area  a  distinct  soimd 
will  be  heard  in  the  stethoscope.  If  the  mercury  manometer  is 
read  at  this  jx>lnt,  it  will  give  the  value  for  the  systolic  pressure. 
As  the  outside  pressure  continues  to  fall  the  sound  becomes  fuller, 
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arteries  and  veins^  it  is  assumed  that  thf^  anininl  i.s  in  a  reciimhent 
posture.  In  an  animal  standing  upon  his  feet,  especially  in 
an  upright  animal  like  man,  it  is  obvious  that  the  effect  of 
gravity  will  modify  greatly  the  actual  fisurea  of  pressure.  Upon 
the  arteries  and  veins  of  the  feet,  f(*r  example,  there  will  be 
exerted  a  hydrostatic  pressure  equal  to  the  height  of  the  column 
of  liquid  between  the  feet  and  the  heart,  which  ailds  itself  to  the 
pressure  resulting  from  the  circulation  as  caused  by  the  heart. 
When  the  animal  is  in  a  recuml>ent  position  the  hydrostatic  fac- 
tor practically  disappears.     (See  p.  510.) 


b 


Fie.  201. — Fiirure  of  Ihe  Uiva-R«wfi  apparatus  (SnhJi):  a.  The  leather  collar  witfc 
locide  rubber  baic  to  ko  on  tbc  Hrtn;  c,  the  bulb  fnr  bluwing  up  tbe  rubber  baK  unil  tbui 
oompreamns  the  artery;  d,  the  manometer  tiippms  tato  tbe  retiervoir  of  meroury*Oi  to  iuea» 
wxm  tbe  .'unount  of  treasure. 


The  Method  of  Determining  Blood-pressure  in  the  Large 
Arteries  of  Man. — It  is  a  matter  of  interest  and  pructical  impor- 
tance to  ascertain  even  ap|jroximately  the  arterial  pressure  in  man 
and  its  variations  in  health  and  disease.  The  firet  prtiftiral  method 
for  determining  this  point  upon  man  was  suggested  by  von  Hasch 
(1887),  who  devised  an  instnmient  for  this  puqK>8e,  the  sphygmo- 
manometer. Since  that  tin^e  a  nunil)er  of  different  instruments 
have  l^een  described,  but  attention  may  \h:  called  to  two  only,  which 
illustrate  sufficiently  well  the  principles  involved.  In  the  first 
place,  it  must  be  clearly  reeopiizeil  that  the  arterial  pressure  in 
the  large  arteries  of  man  shows  marked  variations  with  the  heart 
beat;  the  pressure  during  the  beat  of  the  heart  rises  suddenly 
to  a  much  higher  level  than  during  the  diastole.  The  relation  of 
the  systolic  (or  maximum)  and  diastolic  (or  minimum)  pressures 
is  indicated  by  the  diagram  in  Fig.  11)5.  The  instruments  that 
have  been  invented  for  determining  human  blootl-pressure  are  in 
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reality  adapted,  more  or  less  accurately,  to  determine  one  or  the 
other  or  both  of  thej>e  prossiiros.  No  instrument  has  been  devised 
for  determining  the  mean  pressure,  and  as  a  matter  of  fael  such 
a  thing  as  mean  pre.ssure  d<.>es  not  exist  in  the  large  arteries,  it  is 
simply  an  abstraction.  What  really  occurs  in  these  arteries  is  a 
rapid  swing  of  pressure  with  each  iicart-beul  from  tlie  diiistolic 
to  the  systolic  level,  and  to  interpret  fully  <mr  records  it  is  impor- 
tant to  determine  each  of  these  values.  The  methods  that  have 
been  proposed  for  this  purpose  have  undergone  a  gradual  evolu- 
tion and  improvement.  The  determinations  of  systolic  pressure 
were  first  iiuule,  according  to  tlie  principle  suggested  by  von  Basch, 
by  ascertaining  tlie  pressure  that  is  just  sufficient  to  occlude  an 
arter>',  so  that  a  pulse  wave  cannot  pfiss  through.  The  simplest 
form  of  apparatus  for  this  purpose  is  the  one  proposed  by  Riva- 
Rocci  and  represented  in  Fig.  201.  Instruments  of  this  kind  are 
known  as  sphygmumanometers. 

The  leather  or  canvas  band,  a,  is  buckled  snugly  aroand  tht*  arm.  On 
the  inn<*r  surface  of  thin  band  there  is  a  rubber  btm  which  communicatt^  with 
the  ii»Tour>'  nuimmietor,  tt,  ami  the  pre.'^flun^  bulb,  r.  When  Ihf*  bMinl  is  in 
phu.'t'  rhytbniicnl  w)in|)n't*sHjns  of  r  will  fori't*  air  intu  the  rufiber  hu^  surruuuiJ- 
ing  the  arm.  Thu*  bu^  is  bli>wn  np  mu\  pxerts  pressure  uiMjri  the  arm  iinii 
thrtjiif^h  the  arm  (i.^sue  upon  tht'  braeliial  artery.  The  tinnmnt  uf  prtv^ure 
tliat  Is  beinn  exfrlnl  ufjnn  the  iirm  if^  iiuiicEitetJ  ul  any  iiRiment  by  (lie  mer- 
cury manometer.  'I'he  iintmerit  of  obliterjxtioii  of  the  nrtery  is  (jelerininod 
by  feeUng  (or  recordinK)  the  pulse  in  the  rtuIiiLl  iirtery.  The  moment  that 
iWii*  pyihv  iliaappeurs,  lis  the  pressuri'  ii[>ori  the  bnirhiul  b*  niiswl,  inilicates  the 
miixuiium  or  systolic  prensure  iiv  the  bniehial  iirtery.  Am  the  pn^stiro  is  low- 
ere<i  uf^uin  Hie  |hiIso  reajipeurH.  Among  other  sourees  of  error  involved  in 
this  nieth<Nl  it  i.**  to  be  n'memberiHl  (hat  the  tiutik'  sensibility  is  not  sulfiricntly 
delicate  to  dete<'t  n  miniiual  pulse  in  the  nrtery.  Other  melhodn  of  determin- 
ing the  Hyst<4ie  j>ri^ssurc  {ago  below)  intiicato,  as  a  matter  of  fact,  that  the 
pulse  rontinu^'^  some  time  ufter  an  iadividual  of  average  tactile  eiensibility  ia 
unable  to  detect  it. 

For  practiciil  puri>()ses,  a  great  improvement  was  made  by 
KorotkoPf  in  the  introduction  of  the  auscnltation  method  by  me>ana 
of  which  both  systolic  and  fliastolic  pressures  may  be  detennined 
rapidly  with  apprttximate  accuracy.  In  this  metluni  the  cuff 
with  its  pneumatic  ba|5  (f.f)  is  plaeed  rotmd  the  arm  above  the  elbow, 
and  by  mejins  of  a  bull>  (r)  or  pump  tlie  pressure  within  the  pneu- 
matic bag  is  raised  until  the  brachial  artery  is  completely  obliter- 
ate<l.  A  stethoscope  is  now  applied  to  the  location  of  the  bniehial 
arter\'  just  below  the  lower  ed^e  of  the  cntT,  and  by  nieatis  of  a 
needle  valve  the  pressure  on  the  artery  i.s  allowed  to  drop  sK)wly. 
The  moment  that  the  pressure  falls  to  a  point  at  which  a  ptilse 
wave  can  break  through  the  constricted  area  a  distinct  sound 
will  l>e  heard  in  the  stethoscope.  If  the  mercury  manometer  is 
read  at  this  point,  it  will  give  the  value  for  the  systolic  pressure. 
As  the  outside  pressure  continues  to  fall  the  sound  becomes  fuller, 
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and  at  a  certain  point  disappears  entirely.  The  pressurp,  ae  rfr 
corded  by  the  manoineUT,  at  whirh  the  arterial  sound  disajv 
pears  marks  the  diastolic  pressure,  approximately  at  least.   A' 


FiK.   2f)2. — Rpcord    (Erlanofr)  to   ithnw    the    maxmium    siie  of    the    reeorded 

wmve  wheti  tbe  uulnrle  or  r\travaM.*uUr  preuure  U  equal  to  the  intemai  diA*tolir  pn 

Th«  lu-tery  u  coiriprCHHed  fir«l  with  »  proAMUre  abovf  nmtnlic.  fiufGci«nt  to  oblttct«tt  tilt 
tumen.  As  thJA  [)re.'<?4urp  is  lowprDl  in  sicpa  of  5  tnnts.  the  recorded  pulse  wmr«  incmMi  in 
■lie  to  a  maxiniuiii  and  theu  tiKaiii  becoiiiert  HinaUer.  Ttie  dutside  preaaure  wiiii  vhublba 
maximum  pulw  ia  obtained  meaaures  tbe  amount  of  tbe  bternal  tliaatoUc  preawre  (Nuty** 
principle). 

cordinj?  to  some  observers,  the  diastolic  pressure  is  indicate^ 
more  accurately  by  a  change  in  the  character  of  the  sounds  frui*^ 
sharp  to  dull,  which  takes  place  just  before  it  disappears.*     W. 


Fid  aai.— Schema  fihowin«  the  coiiBtmction  of  the  ErUmper  apfMfmtaa:  •.  Robb^] 
b«s  of  the  ami  piece;  c,  bulb  for  blowing  up  this  bac  and  puttuic  PlMnwl  on  the  ann:  ^  i 
the  manometer  fnr  nieaj*urmg  the  pre-vtur*;  i,  iwo-wav  stopoook  (whan  turaad  tQ  M  t»J 
oommuDieate  with  the  capillary  oiieninR.  *,  it  aUow^  the  prenura  in  o  to  »U  r*" 
a  rubber  ban  in  a  rUm  chamber,  /;  «  pomrounicatoa  with  a  wbea  atopeoek  a  u 
the  pulse  wave*  from  a  are  tnnsmitte<l  in  a;  the  pulmUoiu  of  «  In  tUfll  are  ti 
Uk  tbe  delicaU  tambour,  A.  and  an  thus  recordad. 

however,  for  any  reason  it  is  desirable  to  obtain  a  record  of  the 
systolic  and  diastolic  pressures,  some  form  of  sphyKmumanometcr 

•Tauasig  and  Cook.  "The  ArrhivM  of  Intornol  Mtdicine,*'  11,  542,  1913; 
also  Hooker  and  Soulbworth,  ibid.,  13.  384,  1914. 


-ErUn^r  appftrmtui.     The  oollAr  for  tb«  iLrrn  in  tint  shown.     The  (wrts  may  be 
uodentood  by  refereooe  to  the  tchema  civen  m  Fig.  203. 

Btolic  level  the  brachial  artery  is  completely  closed,  but  the 
ions  of  the  stump  alx>ve  the  closed  area  are  recorded  through 
unbour  system  connected  with  the  cuff.  By  means  of  a 
le  stop-cock  the  pressure  in  the  cuff  is  drtjpped,  5  mms.  at  a 

Kid  a  rectjrd  of  the  pulse  is  taken  at  earh  leveL     The  point 
lie  pressure  is  indicated  either  by  a  sudden  increase  in  the 

nicncan    Journal    of    Physiology,'*    "Proceedings    of    the    American 
pcai  Society/'  0,  xxii.,  1902;  ami  "Johns  HupkioM  Hoispital  Hcportflf" 
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size  of  the  pulse  or  by  a  sudden  spreading  of  the  limFw  of  tbe 
pulso  wave.  As  the  pressure  is  dropped  in  steps  helow  thi» 
point  the  size  of  the  pulse  wave  increases  to  a  maxiinuni,  nnd  ihon 
a^ain  declines  (Fig.  202).  The  pressure  at  which  the  maximum 
pulse  waves  are  obtained  indicates  diastolic  pressure,  aeconiinj 
to  the  principle  first  supRe^sted  by  Marey.  This  principle  a^saumes 
that  when  the  pressure  on  the  outside  of  an  artery  is  just  equal  to 
the  diastolic  pressure  on  the  inside,  that  is  to  say,  to  the  pnsstirf 
in  between  the  pulse  beats,  the  arterial  wall  is  in  a  position  io 
which  it  will  i^ive  the  widest  excursion  for  any  piven  force  of  heart 
beat.  The  correctness  of  this  principle  hjis  been  denionst mt4ti 
upon  the  exposed  artery.  In  the  living  person  a  certain  amount 
of  soft  compressible  tissue  intervenes  betwe<*n  the  cuff  and  tbe 


f:^o\i^^ 


r'/^oi  iiy'  fi^ 


Fii.  2(15. — To  Mhow  tho  method  nf  Hptwtin^  the  syntoti''  prejutun*  ur".'!!  \\w  X^r%r\x\t  I 
hf  Ite  ErUtifc-r  ftp>i>enintniinnrn^1rr.      Tim  pr^t^urv   iij^jn   the   ami    is   rjiiwd   ttt>«>vr   -jv 
pnmnn  acwl   w  thru  dropited   h   rnm.  at  h  iuik*.  a  nhort  rt'cnrd   l^»«>tni  tMk«n  »t)ter  ««rb  j 
HBrarda  »rp  showD  for  i;iO.  125.  J20.  115.  and  110  mrn.      At    11.1   mm.    it    will    b»  i 
Um  Umba  of  th<>  pular-waw  «bow  the  aepAration  or  »preadin(c  which    iadiratn*  Uk«  fii 
wmvo  10  c«L  tbrousb  the  occluded  artery.  And  Uvrffdn*  ihp  •v«tolic  prv^mire. 

brachial  arterj',  and  a  pjortion  of  the  external  pressure  is  used  In 

overcoining  the  resistance  nf  this  tissue.  The  readinfcs  as  made 
are,  therefore,  prol)alMy  somewhat  alnjve  the  actual  diastolic  pres- 
sure by  an  amount  that  lias  been  estimated  at  from  (>  to  10  rniM, 
i>f  inercur>'.  As  tlicsc  instruments  are  usually  employed,  measure 
njonts  are  made  up<jn  the  l>nu'hial  arter>'  at  the  level  of  the  heart, 
and  consequently  no  (Tirrection  need  l)e  made  for  a  hydrostatic 
factor,  such  as  would  be  necessary,  for  example,  if  the  deter- 
minations were  made  on  an  artery  in  the  leg  in  a  person  standing 
erect. 

The  way  in  wJiicli  (he  ErlanRcr  iinparata*?  is  u.scd  may  bo  undrrsto4xi  from 
the  schernntip  Fig.  203.  a  is  the  nibbcr  bag.  wliich  u*  burkl(Nj  upon  iho  &nn 
by  a  leather  3triip.  This  bajj  comnumicalois  with  the  mcTciiry  matiunitrto-.  6. 
with  ft  prPHsure  bag,  r.  through  Hie  two-way  stx»j>oock,  i,  ant)  throiuch  th*- 
stopcock  d  with  H  rubber  bag,  t,  coiitaintNl  in  a  gtu.^  olituitber,  /.     Thu  gUs 
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chamber  communicates  above  with  a  sensitive  tambour,  ft,  and  by  means  of  the 
stopcock  g  can  be  place^i  in  communication  with  the  ouU-side  air.  Tlie  systoUc 
pressure  may  tx*  uelemiinod  in  two  ways:  By  ono  niothtxl  only  the  mercury 
manometer  is  necessary,  the  instrument  corresponilinp  with  the  Riva-Rocci 
apparatu.'f  flescribeti  abcive.  By  means  of  the  pressure  ba^,  i\  the  ba^,  a.  up 
the  arm  is  blowTi  up  until  the  pressure  Ls  al>ovc  the  sy^tohc  pressure  and  the 
radial  nul.Me  bt'low  disap[)t»iirs.  By  turning  stopcock  i  pn)pt*rly  the  system*  ia 
allowm  to  comnumicatf  with  the  air  through  a  capillary  opening,  k.  Cons*> 
mientiy  the  pressure  upon  tho  arter>'  in  the  arm  falls  slowly,  imd  by  palpating 
the  radial  artj^r>'  one  run  lietrnnine  the  pressure,  as  measurtxl  by  th«?  mercury 
manometer,  at  which  the  pulso  ju«t  gets  throujeh.  Thi'<  pressure  Mill  measure 
approximately  the  sj'slolic  pressure.  The  second  method  (methoti  of  v. 
Recklinghausen)  gives  higher  and  dnuhtle»H  mrm-  areiinite  results.  In  this 
method  the  preaeure  is  at  first  raiwtHl  aliove  systolic  pressure  with  stopcocks 
d  and  g  open,  a,  e,  and  b  are  under  the  same  pressure.  If  stopcock  <j  is  now 
turned  off,  the  pulsations  in  n  are  transmitted  to  «  and  through  it  to  the 
t-ambour,  A,  and  the  lever  of  the  tambour  writes  these  pulsations  on  a  kyn»o- 
gmphion.  It  shoidd  be  explaincil  thnt  pulsations  an*  obtained  even  when 
the  prp«*ure  on  the  arm  is  nitirh  mnrr-  than  suflncient  to  completely  nbliterate 
tfie  orachial  artery.  The  reason  for  this  is  that  the  pulsations  of  tho  central 
stump  of  the  closed  artery  will  Im*  con^municated  to  hag  a.  When  the  pre-ssure 
is  snpraaystolic  these  nulsations  are  small.  If  now  the  pressure  in  the  sj'stem 
is  diminished  slowly  oy  turning  stopcock  i  ao  as  to  commimicate  with  the 
capillary  opening,  k,  it  will  fw  found  that  at  a  certain  point  the  pulsations 
wjddenfy  increase  in  height  (Fig.  205).  This  |>oint  marks  the  niomriit  when 
the  pulse  wave  is  first  able  to  break  through  the  brachial  arterj',  and  it  givca, 
therefore,  the  s^'stolic  pressure.  In  many  cases  this  method  of  detennining 
the  point  of  sj'stolic  pressure  is  not  sat  isfactorv*,  since  tlie  pulse  waves  increase 
gradually  in  amplitude  without  a  sudden  break,  or  perhaps  tiicre  is  more 
than  one  place  at  which  a  sudden  increase  occurs.  A  more  reliable  method 
according  to  Erhiuger  is  to  note  the  jxiint  at  which  the  ascending  and  descend- 
ing limbs  of  the  pulse  wave  show  a  noticeabie  separation  (Fig.  205).  "At 
the  moment  the  pressure  on  the  arterj*  falKs  helow  systolic,  likHid  succeeds  in 
making  it«  way  lienejith  the  cuff.  This  must  l>e  stjueezed  out  before  the  lever 
can  return  to  tlie  base  line,  whereas  at  higher  pressures  the  lever  is  raiscl 
only  through  the  hydraulic-ram  action  of  the  pulse  wave  \i\yon  the  upi>er 
e<Jge  of  the  cutT."  After  finding  the  syslxilir  pressure  the  diastolic  i>n'ssure 
is  abtaine<l  by  allowing  the  pressure  to  drop  wtilJ  fiirther.  The  pulsations 
increase  in  height  to  a  maxinnim  size  and  then  decrea.se.  The  pressure  at 
which  the  maximum  pulse  wave  is  obtained  marks  the  diastolic  pressure. 
It  is  better  pcrhap.s  in  dro])j>iiig  the  pressure  for  this  la.st  purpose  to  manipu- 
late stoirtYicK  /  so  as  to  drop  I  he  pressiin*  5  turns,  at  a  time,  rectirdin^  tlie  pulse 
wave  at  each  pressure.  In  this  way  a  record  is  obtained  sucli  as  is  given  in 
Fig.  202.  !t  ahcmld  bf  Hdde<l,  aUo,  that  in  order  to  keep  the  lever  of  the 
tambour  horizontal  while  the  j^res-sun'  in  the  sy.stfm  is  being  lowered  there 
is  a  minute  pinhole  in  ttie  metal  hutloui  of  the  tambour.  Through  this 
pinhole  tiie  pressun^  in  the  tambour  ami  chamber,  /,  is  kept  atmospheric 
throughout,  except  during  the  ijuick  changes  causetl  by  the  pulse  waves. 
By  means  of  this  instnutient  one  can  <letcnnine  within  a  minute  or  so  the 
amount  of  the  systolic  and  dia.«tolic  prcKsure  in  the  brachial  arterj'.  and  also, 
of  course,  the  difTerenct*  b<?tween  the  two,  the  pulse  pressure,  which  may  be 
taken  as  an  indication  of  th^  for^e  nf  the  heart-beat. 

The  Normal  Arterial  Pressure  in  Man  and  Its  Variatloiis. — 

By  means  of  one  or  other  of  the  in.strmnents  devised  fur  the 
purpose,  nunieroii.s  results  have  l>een  rjhtained  repaniing  the 
blood-prc*asure  in  rnsm  at  different  apes  and  under  varyinji  ntiniia! 
ami  ahnunnal  conditions.  Unfortunately,  the  methods  used  have 
not  always  been  complete.  Some  authors  give  only  systolic 
pressiu'esj  for  example.     In  such  experiments  also  a  troublesome 
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factor  is  always  the  psychira!  olemcnt.  The  mental  interest 
that  the  individual  cxix'rimonted  upon  takes  in  the  procedure 
ahnost  always  causes  a  rise  of  pressure  and  perhaps  a  changeil 
heart  rate.  Results,  as  a  rule,  uix>n  any  individual  show  lower 
values  after  the  novelty  of  the  procedure  has  worn  off,  and  the 
patient  submits  to  the  process  as  an  uninteresting  routine.  Under 
normal  conditions,  Potain*  estimated  the  systolic  pressure  in  the 
ruilial  of  ttie  adult  at  about  170  mnis.  of  mercury  and  the  varia- 
tions fur  different  ages  he  expressetl  in  the  following  figures: 


30 


40        50 


60 


6-10         l.i         20        25 

m      135   150   170   180   190   200   210   220 


(50 


Age 

PreflBure  (■yRtoltc) . 

Without  the  other  aide  of  the  picture— that  is,  the  diastolic  prao- 
sure  and  the  force  of  the  heart  beat  (pulse  pressure)— it  isdifhcuU 
to  interpret  these  figures.  The  rapid  increase  up  to  maturity 
probably  represents  chiefly  the  larger  output  of  blood  from  the  heart; 
the  filow^er  and  more  regular  increase  from  maturity  to  old  age  is 
due  possibly  to  the  gradual  hardening  of  the  arteries,  since  the  leas 
elastic  the  arteries  become,  the  greater  will  be  the  syatolic  rise  with 
each  heart  beat.  Owing  to  the  method  Potain  used  these  figures 
are  all  undoubtedly  too  high,  but  the  relative  values  are  probably 
correct.  With  his  more  complete  apparatus  Erlanger  reports 
that  in  the  adult  (20  to  25),  when  the  psychical  factor  is  ex- 
cluded, the  average  pressure  in  the  brachial  is  1 10  mnis.,  systolic, 
and  65  mms.,  diastolic, — figures  much  lower  than  those  given  by 
Potain.  Von  Recklinghausen's  figures  for  the  same  artery  are, 
systolic  pressure  116  mms.  Hg,  <liastoIic  pressure  73  mm.s.  Hg. 

Krlanger  and  Hooker  report  observations  upon  the  effect 
of  meals,  of  baths,  of  posture,  the  diurnal  rhythm,  etc.f 

The  effect  of  meals  Lh  particularly  instnictive  in  that  it  illustrateo 
admirably  the  play  of  the  compensatory  mechanisms  of  the  circu- 
lation by  means  of  which  the  heart  and  the  bkxKi-vessels  are  ad- 
justed to  each  other's  activity.  During  a  meal  there  is  a  dilatation 
of  the  blood-vessels  in  the  abdominal  area,  or,  as  it  is  frequently 
called  in  physiolog\',  the  splanchnic  area,  since  it  receives  its 
vasomotor  fibers  through  the  splanchnic  nerve.  The  natural 
effect  of  this  dilatation,  if  the  other  factors  of  the  circulation 
remained  constant,  wouki  be  a  fall  of  pressure  in  the  imrta  and  a 
diminution  in  bloud-tlow  to  other  organs,  Kuch  as  the  skin  and  the 
brain.  This  tendency  seems  to  Iw  coin[>cnHaled,  however,  by  an 
increased  output  of  blood  from  the  heart.  (.)l)stTvations  with  the 
sphygmomanometer  show  that  after  full  meals  (here  is  a  marked 

*  "Ij»  pn*jv*iun  artrriellc  tlr  rhnmmi*,  "  Puri-^,  1902. 

t  Erlanger  ainl  Hooker,  "The  Johos  UupkinB  Uoepital  Heport,"  vol.  xii.. 
1904. 
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increase  in  the  pulse  pressure,  indicating  a  more  effective  beat  of  the 
heart.  So  far  an  the  effect  on  the  heart  is  concerned,  the  result  of  a 
meal  is  similar  to  that  of  muscular  exercise,  and  this  reaction  may 
account  for  the  fact,  not  infrequently  ob9er\'ed,  that  in  elderly 
people  whose  arteries  are  rigid  an  apoplectic  stroke  may  follow  a 
heavy  meal. 

The  Method  of  Determining  Venous  Pressures  and  Capillary 
Pressures  in  Man. — A  nunibf^r  of  nietfrnds  have  been  propnsed 
for  determining  venous  pressures  in  man,  the  simplest  being 
that  described  by  Gaertner,*  It  consists  simply  in  raising 
slowly  the  arm  of  the  patient  until  the  veins  on  the  back  of  the 
hand  just  disappear.  The  heiglit  above  the  heart  at  which  this 
occurs  gives  the  venous  pressure  in  the  right  auriele,  sinee  the 
vein  may  be  considered  as  a  manometer  tube  ending  in  the 
auricle.     In   this  and   in  other  methods  of  measuring  venous 


Fig.  200.— To  iIJiifftrat«  the  melhori  tif  meajiurinK  veaoua  prewure:  H,  Tlie  back  of 
th«  tumd  in  whicfi  a.  ntngle  vein  Js  repn"f«Piil*»il.  H,  ln«  circular  rubber  bag  with  ceniml 
opemDC  and  with  a  tub«,  T^  whirli  le&fU  to  the  pump  und  the  nuuioini'ier;  (J,  abuts  plate 
bdd  over  the  rubber  ba^  The  bag,  H.  i*  blown  up  by  preamire  Ihrou^th  Ihr  turM*  T  until 
the  vein  U  collapfted.  The  priMaure  ai  which  thin  oiiturn,  ur  thi*  premure  at  which  the 
vein  reappeani  aa  the  bag  i»  allowed  to  empty,  gives  the  prcsaure  witlun  the  vein. — (rim 
Xtekiinf^iutn.) 


pressures,  and  the  same  is  true,  of  course,  of  arterial  and  capillary 
pressures,  there  must  be  some  agreement  as  to  what  constitutes 
the  lieart-tevel,  since  the  highest  and  lowest  points  of  the  heart 
when  the  individual  is  standing  or  sitting  may  differ  by  as  much 
as  15  centimeters,  von  Recldinghausen  proposes  the  level 
made  by  a  dorsoventral  line  drawn  from  the  bottom  of  the 
sternum  (costal  angle)  to  the  spinal  column.  This  authorf  has 
devised  a  simple  apparatus  for  tletermining  venous  and  capillary 
pressures,  the  principle  of  wfiich  is  shown  b}*  the  schema  repre- 
sented in  Fig.  206. 

A  ctrrular  bag  of  thin  rubber  with  a  diameter  ol  about  5J  cm.  is  provided 
with  a  centnil  ojM»ainK  of  ^  ctn.  The  biiK  in  connected  with  a  pump  so  thut 
it  can  b**  blown  up,  and  the  (JegrLH?  of  prt?«Hur(-'  exertwl  i^  mcasurfxl  by  an 
attached  manoitiettT.  This  biig,  [uoistftitxl  with  glycHTirie,  m  laid  \ipon  a 
vein,  aa  represpiited  in  tht*  diasratn.  It  in  rovprod  by  ii  glass  plate  holii  finnly 
in  pOHition  ami  the  bag  is  th(*ii  blown  up  until  the  vein  di«ap|)€ars;  tho  prcsauro 
at  which  this  happenw  is  shown  by  the  nianomeU^r  ami  uiarkn  the  presaure 

•  '^Mufnch.  media,  Wochonschrift,"  imKS,  IIMW. 

t  Von  liecklinghauj^en,  *'Archiv  f.  exper.  Pathol,  u.  Pharmakol.,"  55,  470, 
1906. 
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within   tliP  voin.     A  oonvenient  mcxlificntioD  of  this  apnamtu-'   ^'■" 
l>een  descrih*'*!  hv  Hooker,*  is  sliown  in  Fijc.  207.     A  Htnuil  ghis- 
ffisK^nt^i  iJii  thr  liaiui  ovor  a  vein  by  mean**  of  a  film  of  coUodi 
Tlic*  int<^rior  of  \hc*  chamber  Ih  connoctc^i  by  rubber  tubing  with  b  ** 
manomet-er  and  a  pressure  biilb.      By  means  of  the  latter  the  air  (inisfturci 
the  vein  may  be  raisv^H  until  th(»  vein  is  just  oblit^ratwi  and  the  preasurrioi 
lA  iniJicated  on  the  manometer  in  centimeters  of  water. 

With  instruments  of  this  kinti  the  degree  of  pressure  tMTWi 
sary  to  obliterate  a  given  vein  in  the  anu,  band,  or  foot 


J.J^J 


m* 


Fic-  207. — Hooki*r*8  venoua  praasure  apparfttua.    A  cUus  capaulfl.  A,  in  fAstc 
oy*T  •  vein  by  means  of  a  solutioa  of  pollouion.    Thin  oapaulo  is  connn?t«^)  hy 
with  a  proHurobuib,  C,  and  a  water  niaoomctcr,  J/.     By  m«*iu  of  thr^  tinUi  i 
raiM^l  in  A  until  the  vein  in  obliivratrd.    Thf>  prMtsuri*  at  wbirh  tln- 
lev«l  of  iho  liquid  in  tht*  manonirt^r.     This  prpssurT.  expressed  in  fM? 
rented  by  •ubtraftiug  the  distance  Itolwofn  thi*  vpin  ana  the  roNtal    i  < 

nietaJ  rcxl  supportinc  the  hand.     H  a.\vt»  an  pnlarjgrcd  vipa-  of  thr  bIsmx  rn[Miiif 


■4 


be  determined   readilj*^  in  terms  of  a  column  of  water,  but 
is  ohvi*niH  that  for  any  given  vein  this  pressure  will  var>'  wi 
the  position  of  the  vein.     When  the  hand   hangs  pendent  \ 
the  side  the  pressure  within  its  veins  will  be  greater  than  wh 
the   hand  is  raised  to   the   heart-level.     The   pressure   actua 
measured  for   any  given    position  of  the  hand   or   foot   mu 

•  Hooker,  "Amrriran  Journal  of  PhvsioloKV'."  35,  73,  1914;  also  E]rrt«r 
Hooker,  "Johns  Uupkini^  Hospital  Bulletin/'  274,  1908. 
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lerefore,  be  corrected  for  the  heart-level  by  determining  the 
Mtical  ilistanre  between  the  vein  ;iiul  the  heart  (i'ost.il  anp;le), 
nd  sulitrartinp  this  distance,  oxpres.so(l  in  centimeters,  from 
he  prt*j«ure,  also  expressed  in  fontiinctei-s,  which  was  found 
I»wvst*ar>'  to  obliterate  the  vein.  Measurenients  made  by  this 
method  and  corrected  for  the  heart-level  show  that  in  the  normal 
prrHin  the  pressure  within  the  small  veins  of  the  hand  or  arm 
may  vary  t)etween  10  and  20  cm,  of  water.  The  averaj^e  j)ros?5ure 
durinK  the  day  is  al30Ut  15  em.,  but  at  night,  when  a^sleep,  it 
may  fall  as  low  as  7  to  8  em.  Unusual  or  pathological  conditions 
irhirh  cause  a  congeMion  in  the  venous  side  of  the  heart  will  raise 
tbc  venous  pressure  correspondingly.* 

^^^M  the  venous  preesure  Im  [ne&.Hured  in  the  small  \e\Dii  ot  the  feet  in  a 
HHBHUc  standing  we  shoulU  mippttsf  tluit  after  a  reduction  to  Uie  Iteart 
PEvWllOuld  be  about  the  same  an  that  nuted  Tor  the  vein.^  of  the  liandn, 
■Me  the  veaads  are  of  about  the  Haine  order  with  reference  to  tljcir  distance 
baa  the  capillary  bed.  In  a  aeries  of  ol>»c*rvationfi  of  this  kind,  reported  by 
TOO  ReckHnf^haunen,  it  was  found,  on  the  enntrary.  thnt  ftfU-r  Hiibtmeting  the 
diiUnre  lielween  the  foot  and  the  heart,  the  ]»ro«.Hure  within  the  vein*)  wiis 
■rprive  by  an  much  as  40  era.  The  author  explains  thiB  unexpected  result 
li9  Mppomng  that  the  flow  througfi  tlie  foot  ^jot  ui>  only  enough  prejwure  in 
ttt  reins  to  lift  the  bl()otl  to  the  level  of  the  ]^h-1vis,  and  that  the  complete 
Amn  of  the  venous  valves  at  thi«  level  protected  the  veins  from  the  full 
insure  of  the  column  of  blood.  Eventually,  no  doubt,  the  preasure  in  the  vein* 
•ouU  have  risen  sufficiently  to  lift  the  blood  to  the  hctirt-level,  but  it  .seems 
pnUUe  that  under  the  ordinary  conditions  of  life  Ibis  result  in  effected  by 
tbero6peration  of  the  muscles  of  the  Icrh  and  the  rei*pirator>'  movements  of  the 
iKoru  (»ee  p.  517).  The  contractions  of  tht^e  muscU^^  aidcil  by  the  venous 
▼ilvw,  squeeze  the  blotni  upward  to  ihi'  heart.  The  faet  that  in  standing 
qiwtly  the  flow  throuf^h  the  feet  mav  be  susjH'ndcii  or  irnpedetl,  for  a  time 
M  Icut.  thrown  some  liKht,  a.s  von  Reckhn^htiuHen  HU}igeKt.<.  upon  the  fact 
tiat  it  is  so  difficult  to  stand  for  any  leuK'h  of  time  without  moving. 

The  apparatus  described  above  may  be  used  for  determining 
C4piliar>'  <is  well  as  venous  pressures,  according  to  the  principle 
dpsrril)ed  on  p.  499.  For  this  purpose  the  pressure  box  is  laid 
upon  a  given  skin  area  and  the  prt^ssure  is  raised  until  the  skin 
l»fucath  is  blanched.  The  pressure  is  then  lowered  slowly  until 
the  skin  again  redtlens,  showing  the  recstablishment  of  the  capil- 
^'  flow.  The  pressure  thus  obtained  is  corrected  as  described 
for  ihe  level  of  the  heart,  t 

*  For  a  description  of  some  palholijfsical  cases,  see  Eyatcr  and  Hooker, 
t  For  tome  technical  detaila^  see  von  Recklinghausen,  loc,  dt. 
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CHAPTER  XXVI. 


THE  PHySICAL  FACTORS  CONCERNED  IN  THE  PRa 
DUCTION  OF  BLOOD-PRESSURE  AND  BLOOD- 
VELOQTY. 

In  the  preceding  pages  some  of  the  essential  facts  have  been 
stated  regarding  the  ]>res9ure  and  the  velocity  of  the  blood  in  the 
different  part-s  of  the  vascular  system.  We  may  now  consider  the 
physi<'al  factors  that  are  concerned  in  the  production  and  main- 
tcnance  of  these  peculiarities.  The  problem  as  it  actually  exists  in 
the  cirrulatiunj  with  its  elastic  vesvsels  var>'ing  in  size  from  the 
aorta,  with  an  internal  diameter  of  nearly  20  rams.,  to  the  capil- 
laries, with  a  diameter  of  0.CM3Q  ram.,  is  extremely  complex,  but  tin 
general  static  and  dynamic  principles  involved  are  simple  and  etalj 
understood. 

Side  Pressure  and  Velocity  Pressure. — When  wat«r  floii 
through  a  tube  under,  let  us  aay,  a  constant  head  of  pressure  | 
encoimters  a  resistance  due  to  the  friction  between  the  walls  of  tlij 
vessel  and  the  particles  of  water.  This  resistance  will  be  greatfi 
the  narrower  the  tube.  A  part  of  the  head  of  pressure  used  to  drill 
the  liquid  along  the  tube  will  be  used  in  overcoming  this  resistand 
to  its  movement,  and  the  volume  of  the  outflow  will  be  correspoaj 
ingly  diminished.  If  we  use  an  apparatus  such  as  is  represented  { 
Fig.  208,  consisting  of  a  reservoir,  //,  and  a  long  outfiow  tul 
1,  2,  3,  4,  5,  the  outflow  from  the  end  and  the  pressure  along 
tube  may  be  measured  directly.  We  must  suppose  that  the 
of  pressure — that  is,  the  height  of  the  water  in  H — is  kept  coi 
by  some  means.  The  resistance  or  tension  due  to  the  friction  in  ti) 
tube  may  be  measured  at  any  point  by  inserting  a  side-tube  \ 
gauge  (piezometer)  at  that  point.  The  liquid  will  rise  in  this  IvA 
to  a  level  corresponding  to  the  pressure  or  resistance  offered  to  t] 
movement  of  the  liquid  at  that  point — that  is,  the  weight  of  t) 
column  of  liquid  will  measure  the  pressure  at  that  point  upoa! 
surface  corresponding  to  the  cross-area  of  the  tube.  The  pressu| 
or  tension  at  any  point  may  l>e  spoken  of  as  the  side  pressure  | 
lateral  pressure,  and  it  expresses  the  amount  of  resistance  offeK 
to  the  flow  of  the  liquid  because  of  the  friction  exerted  upon  t) 
water  by  the  walls  of  the  tube  between  that  point  and  the  exj 
This  aide  pressure  increases  in  a  straight  line  from  the  point  of  c^ 
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be  reservoir,  and  this  in  general  is  the  picture  presented  by 
circulation.  The  resen'oir,  the  head  of  pressure,  is  represented 
he  aorta,  the  exit  for  the  outfiow  by  the  opening  of  the  veme 
ft  into  the  right  aurirle,  and  the  side  pressure  or  internal  tension 
le  blood  due  to  friction  against  tlie  walls  of  the  vessels  increases 
I  the  vena  cava?  back  to  the  aorta.  If  from  aorta  to  vena  cava 
vessels  were  of  the  same  tliameter  the  increase  would  be  in  a 
ight  line,  as  in  the  case  of  the  model.  In  this  model  it  will  be 
w&d  that  the  straight  line  showing  the  side  pressure  does  not 
ce  the  top  of  the  column  of  liquid  in  the  reservoir,  but  corre- 
ida  to  a  certain  height,  h\  This  expresses  the  fact  tlmt,  of  the 
J  head  of  pressure  in  the  reservoir,  which  we  may  designate  as 
ft  certain  portion  only,  but  a  large  portion,  h\  is  used  in  over- 


.  VA. — Sobemaio  illu.^rat«  the  side  prcflBure  due  to  nMstAnee,  And  the  velocity  pr«»- 
dvifNir) :  //.  A  rewn-oir  containinx  water;  I,  2,  3,  4,  5.  the  outflow  tube  with 
vMalriclii  uifEle*  tomeftJ*ure  the  side  preMure;  A\  the  portion  of  the  total  pnwure 
la ovMeominx  the  reaiatance  to  the  flow;  h,  the  portioo  of  the  total  preasiire  used  in 
■C  Ibe  onlumn  of  Uquid— the  velocity  prewun. 

ling  the  resistance  along  the  tube.  What  is  left— that  is,  H-h\ 
resents  the  force  that  is  employed  in  driving  the  liquid  through 
tube  with  a  certain  velocity ;  this  portion  of  the  pressure  we  may 
ik  of  as  the  rdocity  pressure,  k.  If  in  measuring  the  side  pressure 
fly  point  the  gauge  were  prcjjonged  into  the  tube  and  bent  so  as 
*ce  the  stream,  this  velocity  pressure  would  add  itself  to  the 

pressure  at  that  point  and  the  water  would  rise  to  a  higher 
I  in  this  particular  tube.  There  are  two  important  differences 
•^cn  the  circulation  as  it  exists  in  the  body  and  that  repre- 
5d  by  the  model.  In  the  Ixxly,  in  the  first  place,  we  have 
area  of  capillaries,  small  arteries,  and  veins,  intercalated  be- 
ll the  large  arteries  on  one  side  and  the  veins  on  the  other; 

in  the  second  place,  the  vessels,  especially  the  arterios,  are 
nsible  and  elastic.     The  effect  caused  bv  the  first  of  theee 
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factors — namely,  a  great  resistance  placed  in  the  middle  of 
course — may  be  illustrated  by  the  model  shown  in  Fig.  2Q9,wi 
differs  from  that  in  Fig.  208  in  having  a  stopcock  in  the  out! 
tube,  wliich,  when  partly  turned  off,  makes  a  narrow  opening  an 
relatively  great  resistance.  When  the  stopcock  is  open  the  preaa 
falls  equally  througliout  the  tube,  provided  the  bore  of  the  stopa 
is  equal  to  that  of  the  tube.  If,  however,  it  is  partially  turned  I 
side  pressure  ia  much  increase*!  between  it  and  the  reservoir  on  wl 
we  may  term  the  artcriul  side  of  the  schema,  and  it  is  correepoi 
ingly  diniinished  between  the  stopcock  and  the  exit,  on  the  vew 
side  of  the  schema.  Substantially  this  condition  prevails  in  tliebo< 
The  capillar}'  region,  inclutiing  the  smallest  arterioles  and  vd 
offers  a  great  resistance  to  t!xe  flow  of  blood,  and  tliis  resistaDce 
spoken  of  in  physiolog>^  as  the  peripheral  resistance.     Its  eSec^k 


\ 


Fift.  309. — Schema  like  the  preoedinK  except  that  a  stopcock  is  hiaerterl  at  the  n 
of  the  outflow  to  imiute  the  penpheral  reMstanfW  of  the  captltitr^  wa.  Ttie  r^tit 
the  internal  pnMiUie  on  th«  arterial  and  venous  aide*  of  this  ipeeial  wUtance  la  aho^ 
the  height  ui  the  water  ia  the  sausBii. 

raise  the  pressure  on  the  arterial  side  and  lower  it  on  the  venoiui 
When  other  conditions  in  the  circulation  remain  constant  it  isf( 
that  an  incrgpjM*  in  j^riphcnil  nsistance,  caused  usually  by 
striction  of  the  arterioles.  i^fo|lnvti^il  l^y  ^  yjse  of  arterial  prea 
and  a  fall  of  venous  nressurp.s.  On  the  contrary,  a  dilatannn 
arterioles  in  any  organ  Is  followed  by  a  fall  of  pressure  in  hs  arte 
arteries  and  a  rise  of  pressure  in  its  veins.  The  effect  of  the  ela 
ity  of  the  arteries  is  of  importance  in  connection  with  the  fact 
in  reality  the  circulation  is  charged  with  blood  not  from  a  conf 
reservoir  as  in  the  models.  Figs.  208  and  209,  but  by  the  rhythr 
beats  of  the  heart.  If  the  vivscular  svstem  were  perfectly  rigid 
rh)i.hmiral  charge  int<i  the  aorta  wotild  be  followed  by  an  equal 
charge  from  the  venaj  cava\  the  pressure  throughout  the  sy; 
would  rise  to  a  high  |x>int  during  systole  and  fall  to  a  low  point 
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wn  the  diastole.    The  elasticity  of  the  arteries,  in  connection  with 

JlK"   n*»Tir\riP'r*»l    rr^siaf nnnr^      moL-^Mi    art    imrw»i-f or»+    riifr«»^onjr.«  A  i;    flirt 


i  tne  aiasioie.  i  ne  elasticity  or  ine  arienes,  in  connect 
^  prriphf  ral  resistance,  makes  an  important  difference, 
m  disoharge'ii  into  th*^  lu^rtu.  thn  prnss^jrp  ^^^^    ^^^^^  *^'P 


As  the 

jKflJls  of 


t^  arterial  system  are  distended  bv  the  iiicreascHl  pr<'ssurc.  a n d 
diifiny  tbeTnllnwmg  diastnle  the  remil  of  these  fiistonrlpfi  a-j^lh 
maintains  a  flow  of  blooii  thrmigh  the  capiUaries  into  the  veins. 
¥nth  a  certain  rapidity  of  heart  beat  the  distention  of  the  arterial 
mJbis  increased  to  such  a  point  that  the  outflow  through  the  capil- 
bries  into  the  veins  is  as  great  during  diastole  as  during  systole;  the 
ihythmical  flow  in  the  arteries  becomes  converted  by  the  elastic 
tnaion  of  the  overfilled  arterial  system  into  a  continuous  flow  in 
tbecapiUaries  and  veins.  Tliia  effect  may  be  illustrated  by  a  simple 
iciiemft  such  as  is  represented  in  Fig.  210.  A  syringe  buJb  («),  rep- 
IHenting  the  heart,  is  connected  by  a  short  piece  of  rubl>er  tubing  to  a 
gbsB  tube  (6),  and  also  by  a  piece  of  distensible  band  tubing  (e)  with 


Fif.  310. — 6unpl«  wbetna  to  UIuKtmte  the  imctor*  [iroduoing  a  conntant  h«ad  of  prw- 
■inu  th«  *rf*rul  0y»t«ni:  a,  A  syringv  hulb  witb  valves.  repr«seatitis  the  heart;  b.  eI^um 
2Uiith6n«  point  rpprrfwnlinjKA  path  with  reflLsranoa  alnni?,  hut  no  ext«nidbi]ity  fthie  out- 
■fVBUi  ffpurla  syiirlironoua  with  th*  Btrt>k&'«i  nf  the  pump) ;  c,  outflow  with  reeutaooe  and 
wtxtciuibla  anJ  rlaxtic  walln  reprcNetiUsI  by  the  larfn  rubber  bagitf;  the  outflow  is  • 
'■dyilraam  due  to  the  elaatic  recoil  of  the  dLttended  bag.  «. 

ft  similar  glass  tube  drawn  to  a  fine  point  (c).     In  the  latter  case  the 

distensible,  elastic  tubing  represents  the  arterial  aystem,  and  the 

fijw  pointed  glass  tul>e  the  peripheral  resistance  of  the  capillar}'  area. 

^llie syringe  bulb  is  put  into  rhythmiral  play  and  the  flow  is  diret^ted 

through  tul>e  b  the  discharges  are  in   rhythmical  spurts,  but  if 

"'ppcted  through  tube  c   the  discharp:e   is  a  continuous  stream, 

Smce  the  force  of  the  separate  beats  l)ecome3  stored  as  elastic  tension 

'n  th^  walls  of  the  band  tubing,  and  it  is  this  constant  force  which 

^inveg  a  steady  stream  through  the  capillarv''  point.     In  a  general 

^y^  this  schema  gives  us  a  tnie  picture  of  the  conditions  in  the  cir- 

|/***tion.     The  rhythmical  force  of  the  heart  beat  is  stored  as  elastic 

l»SSLon  in  the  walls  of  the  arteries,  and  it  is  the  squeeze  oi^ these 

^i*^n<ied  walls  which  gives  the  continuous  driving  force  that_ia., 

^^^^nsible  for  th^  constant  flnw  jnjjie  ca]>iParie.s  and  veiiia^ 

'       Enumeration  of  the  Factors  Concerned  in  Producing  Nor- 

^^   Pressure  and  Velocity. — In  the  normal  circulation  we  mav 
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say  that  foiu*  chief  factors  co-operate  in  producing  the  conditioM 
of  pressure  and  velocity  as  we  find  them.    These  factors  are:  (I) 
The  heart  beat.     (2)  The  resistance  to  the  flow  of  blood  tJirough  U» 
vessels,  and'especially  i]\e^€npJwfar  fe9i9tance_xn  the  regon  of  the 
small  arteries,  capillaries,  and  small  veins.     (3)  The  plftrtJCJ*:^'  ^ 
the   arteries.     (4)  The  _<iuantity_  of    blood    in    the   ayfttfim.    Dx 
way  in  which  these  factors  act  niay  }>e  pictured  as  follows:  Suppaee 
the  system  at  rnst  with  the  definite  quantity  of  blcMwI  ilifitriliulAJ 
equally  tfiroughout  the  vascular  system.    The   internal  or  side 
pressure  throughout  the  system  will  be  everywhere  the  same,— 
probably  zero  (atmospheric)   pressure,  since  the  capacity  of  the 
vascular  system  is  sufbcient  to  hold  the  entire  quantity  of  blood 
without  flistension  of  lis  walls.     If,  now,  the  heart  l>egins  to  bat 
with  a  defiiiite  rhythm  and  discliarges  a  definite  quantity  of  blood  %\ 
each  beat  the  whole  mass  will  be  set  into  motion.    The  arteria 
receive  the  blood  more  rapidly  than  it  can  escape  through  the  cajttl- 
laries  into  the  veins,  and  consequently  it  accumulates  upon  Ibe 
arterial  side  until  an  equilibrium  is  reached, — that  is,  a  point  st 
which  the  elastic  recoil  of  the  whole  arterial  tree  suffices  to  force 
through  the  capillaries  in  a  unit  of  time  as  much  blood  as  is  recei\'ed 
from  the  heart  during  the  same  time.     In  this  condition  of  eqiiilil>- 
rium  the  flow  in  capillaries  and  veins   is  constant,  and   the  sid^ 
pressure  in  the  veins  increases  from  the  right  auricle  back  to  ih^ 
capillaries.     In  the  arteries  there  is  a  large  sitle  pressure  throughout^ 
owing  to  the  resistance  l>etween  them  and  the  veins  and  especially 
to  the  great  resistance  offered  by   the  narrow  capillaries.    This 
pressure  rises  and  falls  with  each  discharge  from  the  heart,  and  the 
pulse  waves,  lioth  as  regards  pressure  and  velocity,  are  most  marked 
in  the  aorta  and  diminish  farther  out  in  the  arterial  tree,  failing 
completely  in  the  last  small  arterioles,  since  if  taken  together  then 
arterioles  constitute  a  large  and  dmtensible  tube  of  much  greater 
capacity  than  the  aorta. 

General  Conditions  Infiuencing  Blood-pressure  and  Blood- 
velocity. — Alterations  in  any  of  the  four  chief  factors  mentioned 
above  must,  of  course,  cause  a  change  in  pressure  and  velocity. 

I.  An  increase  in  the  rate  or  force  of  the  heart  beat  will  iDcreaae 
the  velocity  of  the  flow  throughout  the  system,  although,  of  courae, 
that  general  difference  in  velocity  in  the  arteries,  capillaries,  and 
veins  which  depenrls  upon  the  variations  in  width  of  bed  will  remain. 
Such  a  change  w^ill  also  cause  a  rise  of  pressures  throughout  the 
system.  The  energ>'  exhibited  in  the  vascular  system  as  side  pres- 
sure, velocity  pressure,  etc.,  comes,  in  the  long  run,  mainly  from 
the  force  of  contraction  of  the  heart  muscle.  This  force  is  what  is 
represented  in  the  model,  Fig.  208,  as  the  total  head  of  pressure  ( //K 
An  increase  in  rate  or  force  of  heart-beat  is  equivalent,  therefore, 
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to  m  increase  in  this  hea<i  of  pressure,  and  along  with  the  increase 

ID  vHtKity  thus  causeil  tliere  is  an  increased  friction  or  resist4ince. 

II.  An  increase  or   decrease  in   the  width  of   the  vessels  ■will 

kipfluence  both  the  resistance  tf»  the  flow  anvl  the  velocity.     Under 

murmal  conditions  it  is  the  small  arteries  that  are  constricted  or 

I    filled  (rasocongtriction  and  vasodilatation).     A  constriction  of 

I    tbeae  arteries  causes  an  increase  in  arterial  r»ressures  and  a  decrease 

f    mTBOOUS  pressure.     The  velocity  of  the  hk»od-flow  is  decreased. 

A  dilatation  has  the  opposite  effects.     NumcrotiP  instances  of  this 

I     iriatioa  will  be  referre<i  to  in  describing  the  physiology  of  the  vaso- 

L   noior  nerves. 

"        ITT.  A  diminution  in  elasticity  of  the  arteries  will  tend  to 
I      interfere  with  the  constancy  of  the  flow  frtjin  tiie  arteries  into  the 
I     capillaries,  and  in  the  arteries  themselves  the  swings  of  pressure 
I     iiom  systolic    to    diastolic    during   the   heart    l)eat  will   he   more 
I    extnsive.     This  latter  fact  can  f>e  shown  upon  elderly  individuals 
I    tboee  arteries  are  becoming  ri^id.  but  whether  a  change  of  this 
I     duuicter  is  ever  so  advanced  in  human  Ixnngs  as  to  seriously  modify 
I     the  capilian'  circulation  does  not  apjjeur  to  have  T>een  investigated, 
I         IV,  A   loss   of   l»lood»   other  conditions   remaining   the  same, 
vili&lso  cause  a  fall  in  blood-jiressiires  and  velocity.     As  a  matter 
of  Cwt,  however,  a  consi<lerable  amount  of  hloftd  may  \}e  lost  with- 
i^ut  any  marked  j)ermanent  change  in  arterial  blood-pressure.     The 
r^^n  for  this  result  is  found  in  the  adjustabiHty  or  adaptability 
o'tbc  vascular  system.     It  is  in  such  resjiects  that  the  system  differs 
featly  from  a  rigid  schema  such  as  we  use  for  our  models.     When 
bloo<|  is  withdrawn  from  the  vessels  the  loss  may  be  offset  by  an 
iiicreased  action  of  the  hea.rt  and  by  a  contraction  of  the  arterioles, 
Ae  two  effects  combining  to  give  a  nonnal  or  ai>proxiuiately  normal 
*UeriaI  pressure.    To  earn'  out  the  analogy  with  the  mode!  (Fig. 
208)  if  by  chance  some  of  the  store  of  water  was  lost  we  might  sub- 
stitute a  narrower  reservoir,  so  that  with  a  diminished  supply  we 
could  still  maintain  the  same  level  of  pressure.     Tn  the  Iwdy, 
moreover,  a  loss  of  blood  by  hemorrhage  may  \ye  comfjensateil  in 
part,  so  far  as  the  bulk  of  the  liquiil  is  concerned,  by  a  flow  of 
liquid  from  the  tissues  into  the  blood-vessels. 

The  Hydrostatic  Effect. — In  the  living  animal,  especially  in 
those,  like  ourselves,  that  walk  upright,  the  actual  pressure  in  the 
Arteries  of  the  various  tissues  must  vary  much  also  with  the  position. 
For  instance,  in  standing  erect  the  small  arteries  In  the  hands  or 
feet  are,  in  addition  to  other  conditions  noted  above,  exposed  to  the 
weight  of  the  column  of  arterial  blood  standing  over  them.  In 
the  pendent  arm  the  skin  of  the  fingers  is  congested ;  if,  however, 
the  arm  is  raised  above  the  head  the  skin  may  become  blanched 
because  now  the  column  of  blood  from  fingers  to  shoulder  exercises 


CHAPTER  XXVI. 

THE  PHYSICAL  FACTORS  CONCERNED  IN  THE  PRa 

DUCnON  OF  BLOOD-PRESSURE  AND  BLOOD- 

VELOaTY. 

In  the  preceding  pages  some  of  the  essential  facts  have  been 
Btated  regarding  the  pressure  and  the  velocity  of  the  blooti  in  the 
different  parts  of  the  vascular  system.  We  may  now  consider  the 
physical  factors  that  are  concerned  in  the  production  and  main- 
tenance of  the^te  peculiaritic^i.  Tlie  problem  as  it  actually  exists  in 
the  circulation,  with  its  elastic  vessels  varying  in  mze  from  the 
aorta,  with  an  internal  diameter  of  nearly  20  airns.,  to  the  capil- 
laries, with  a  diameter  of  0.(H>9  min.,  is  extremely  complex,  but  the 
general  static  and  dynamic  principles  involved  are  simple  and  easily 
understootL 

Side  Pressure  and  Velocity  Pressure. — When  water  flows 
through  a  tube  under,  let  us  say,  a  constant  head  of  pressure  it 
encounters  a  resistance  due  to  the  friction  between  the  walls  of  the 
vessel  and  the  particles  of  water.  This  resistance  will  be  greater, 
the  narrower  the  tube.  A  part  of  the  head  of  pressure  used  to  drive 
the  liquid  along  the  tube  will  be  used  in  overcoming  this  resistance 
to  its  movement,  and  the  volume  of  the  outflow  will  be  correspond- 
ingly diminished.  If  we  use  an  apparatus  such  as  is  represented  in 
Fig.  208,  consisting  of  a  reservoir,  /f ,  and  a  long  outflow  tube, 
1,  2,  3,  4,  5,  the  outflow  from  the  end  and  the  pressure  along  the 
tube  may  be  measured  directly.  We  must  8upix>se  that  the  head 
of  pressure — that  is,  the  height  of  the  water  in  // — is  kept  constant 
by  some  means.  The  resistiince  or  tension  due  to  the  friction  in  the 
tube  may  be  measured  at  any  point  by  inserting  a  8ide-tul>e  or 
gauge  (piezometer)  at  that  point.  The  liquid  will  rise  in  this  tnlie 
to  a  level  corresponding  to  the  pressure  or  resistance  offered  to  the 
movement  of  the  liquid  at  that  y^oint — that  is,  the  weight  of  the 
column  of  liquid  will  measure  the  pressure  at  that  point  upon  a 
surface  corresponding  to  the  cross-area  of  the  tube.  The  pressure 
or  tension  at  any  point  may  l>e  spoken  of  as  the  side  pressure  or 
lateral  pressure,  and  it  exi>resse8  the  amount  of  resistance  offered 
to  the  flow  of  the  liquid  because  of  the  friction  exerted  upon  the 
water  by  the  walls  of  the  tul>e  between  that  point  and  the  exit. 
This  side  pressure  increases  in  a  straight  line  from  the  point  of  exit 
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them  to  a  common  level,  that  is,  to  the  level  of  the  heart  at  the  cos- 
y  anjflr  ^p.  507). 

Accessory  Factors  Aiding  the  Circulation. — The  force  of  the 
heart  b^at  is  the  main  factor  concerned  in  the  movement  of  the 
hlooi],  hut  certain  other  muscular  movements  aid  more  or  less  in 
maintaining  the  circulation  as  it  actually  exists  in  the  living  animal, 
paniculiirly  in  their  effect  upon  the  flow  of  blood  in  the  veins. 
The  most  important  of  these  accessory  factors  are  the  respiratory 
rooveraenti?  and  the  contractions  of  the  muscles  of  the  liml)s  and 
viscera.     At  each  inspiratory  movement  the  pressure  relations  are 
lilered  in  the  thorax  and  abdomen,  and  reverse  changes  occur  dur- 
ing expiration.     These  effects  influence  the  flow  of  blood  to  the 
heart,  and  alter  the  velocity  and  pressure  of  the  blood  in  a  way  that 
b  described  in  the  section  on  Respiration  under  the  title  of  The 
Respiratorj-  Waves  of  Bloo<l-pressure.     In  brief,  Jt  may  be  said 
that  the  main  effect  of  th*^  n\spiratory  movements  is  to  force  or  to 
suck  blood  from  the  large  veins  of  the  abdomen  and  neck  into  the 
large  thoracic  veins,  and,  therefore,  into  the  right  side  of  the  heart. 
Keith*  has  called  attention  to  the  fact  that  the  system  of  large 
veins  in  the  thorax  and  abdomen,  namely,  the  superior  and  in- 
ferior vente  cavae,  the  innominate,  iliac,  hepatic,  and  renal  veins 
constitute  what  he  calls  a  venous  cistern,  whose  capacity  may  be 
reckonwl  as  about  400  to  5O0  c.c.     This  cistern  is  shut  off  below 
from  the  veins  of  the  lower  extremity  by  the  valves  in  the  femora! 
veins  at  their  entrance  int-o  the  pelvis;  it  is  shut  off  from  the  veins 
of  the  upper  extremity  by  valves  in  the  subclavian  veins,  and  from 
the  veins  of  the  neck  and  head  by  the  jugular  valves.     When  an 
'Hi^iration  is  made,  the  lowered  pressure  in  the  thoracic  cavity 
**pirales  blood  from  the  veins  in  the  neck  and  upper  extremities 
*fito  the  stiperior  cava,  anrl  on  the  return  to  the  expiratory  position 
Woofl  cannot  be  forced  back  owing  to  the  jugular  and  subclavian 
i^Mes.   In  the  same  way  the  lessened  intrathoracic  pressure  during 
^irati<m  must  tend  to  aspirate  blootl  from  the  abdominal  portion 
^'the  inferior  vena  cava  into  the  thoracic  [»ortioa,  anil  tltis  move- 
'^t  of  blood  into  the  thorax  is  probably  aided  by  the  rise  in 
'I'^ssure  in  the  abdomen  caused  by  the  tlescent  of  the  diaphragm, 
*|Qce  an  increase  of  pressure  in  the  abdomen  would  be  prevented 
^*H  driving  blood  toward  the  legs  by  the  presence  of  the  femoral 
**"^cs.     The  play  of  the  respiratory  moveraenta  must,  therefore, 
P^'^stitute  a  constant  factor  tending  to  empty  the  venous  cistern 
?*-<*  the  right  heart,  and  in  this  way  promoting  the  circulation  on 
"r^    venous  side.     Contractions  of  the  skeletal  muscles  must  also 
J^iaence  the  blood-flow.     The  thickening  of  the  fibers  in  con- 
IT^^^on  squeezes  upon  the  capillaries  :uul  small  vessels  and  tends 
•  Keith,  *' Journal  of  Anatomy  and  Physiology,"  42, 1,  19D8. 
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factors — namely  r  a  l?Teat  resistance  placed  in  the  middle  of  the 
course — aiay  he  ilhistrated  by  the  model  shown  in  Fig.  209,  which 
differs  from  that  in  Fig.  208  in  having  a  stopcock  in  the  outflow 
tube,  whioh,  when  partly  turnetl  off^  makes  a  narrow  opening  and  a 
relatively  great  resistance.  When  the  sloi>cock  is  oj^en  the  pressure 
falls  equally  throughout  the  tube,  provided  the  bore  of  the  stopcock 
is  ecjual  to  that  of  the  tube.  If,  however,  it  is  partially  turned  the 
side  pressure  is  much  increased  between  it  and  the  reservoir  on  what 
we  may  term  the  arterial  side  of  the  schema,  and  it  is  correspond- 
ingly <:limin!shed  between  the  stopcock  and  the  exit,  on  the  venous 
Bide  of  the  schema.  Substantially  this  condition  prevails  in  the  body. 
The  capillar}'  region,  including  the  smallest  arterioles  and  veins, 
offers  a  great  resistance  to  the  flow  of  blooci,  and  this  resistance  is 
spoken  of  in  physiology  as  the  peripheral  resistance.     Its  effect  is  to 


Fig.  2U0. — Sehems  like  tho  pTvevdinir  except  t)iat  ft  stopoook  U  liuerted  at  tho  mi.MIe 
of  the  outflow  to  imitate  the  penpheral  rvMUtancw  nt  the  capilUry  area.  The  n>larinns  of 
the  internal  preMure  on  the  aiieriiU  and  venoua  aidei  of  thia  special  mwtaDoe  u  ahown  by 
the  hei^t  of  the  water  io  the  gauffea. 


raise  the  pressure  on  the  arterial  side  and  lower  it  on  the  venous  side. 
When  other  conditions  in  the  circulation  remain  constant  it  is  found 
that  an  inprpjmf>  in  |^;ri]>heral  resistance,  caused  usually  by  a  con- 
striction of  the  arterioles,  i^fnllnwo/l  Ky  <^  pse  of  arterinl  pressures 
and  a  fall  of  venous  pressures.  On  tho  contrary',  a  ilTlatanmi  w^the 
arterioles  in  any  organ  is  followed  by  a  fall  of  pressure  in  its  artery  or 
arteries  and  a  rise  of  pressure  in  its  veins.  The  effect  of  the  elastic- 
ity of  the  arteries  is  of  importance  in  connection  with  the  fact  that 
in  reality  the  circulation  is  charged  with  blood  not  from  a  constant 
reservoir  as  in  the  models,  Figs.  208  and  209,  but  by  the  rhythmical 
beats  of  the  heart.  If  the  vascular  svatem  were  perfectly  rigid  each 
rhythmical  charge  into  the  aorta  would  be  followed  by  an  equal  dis- 
charge from  the  venae  cavie,  the  pressure  throughout  the  system 
would  rise  to  a  high  point  during  systole  and  fall  to  a  low  point  dur- 
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ing  the  diastole.  The  elasticity  of  the  arteries,  in  connection  with 
the  peripheral  resistance,  makes  an  important  difference.  As  the 
heart  discharges  into  ihp  nortfl  tho  prnssare  rises,  ttnt  tho  wajls  of 
the  arterial  system  are  distended  by  the  iacreascd  pix'ssiirc,  and 
during^hfi  fo[k>wiDg  diastole  the  recoil  of  thcsf  di-^fondf^d  \vft\U 

mnir^tiiins  a  flrtw  nf  hlnod   thr<>lj,gh   the  capiitaries  into  thff  VQJ^tS. 

With  a  certain  rapidity  of  heart  beat  the  distention  of  the  arterial 
wails  is  increa^^ed  to  such  a  point  that  the  outflow  through  the  capil- 
laries into  the  veins  is  as  j^reat  during  diastole  as  during  systole;  the 
rhythmical  flow  in  the  arteries  becomes  converted  by  the  elastic 
tension  of  the  overfilled  arterial  system  into  a  continuous  flow  in 
the  capillaries  and  veins.  This  effect  may  be  illustrated  by  a  simple 
schema  such  as  is  represented  in  Fig.  210.  A  syringe  bulb  (a),  rep- 
resenting the  heart,  is  connected  by  a  short  piece  of  rubber  tubing  to  a 
glasa  tube  (6),  and  also  by  a  piece  of  distensible  band  tubing  (e)  with 


Fig.  210. — Simple  wbema  to  il]untra.t«  the  TactorH  prrMJucina  a  constant  bead  of  praa- 
rare  in  the  art«riml  systeni :  a,  A  ayrinee  bulb  witb  valvoi«,  repreaenting  the  heart;  6,  sLam 
tube  with  fine  |x>int  reprcisentm^  a  path  with  roflustnnce  alone,  but  rut  extenitibility  Tthis  out> 
flow  is  in  flT>urts  nynchrdnoua  with  the  atnilke^  nf  the  puinii);  c.  uutfllow  with  retuatanoe  and 
aifoextennbie  ami  dofltic  wblIIh  repreneritcKJ  hy  the  Uri^  rubber  bag^  e ;  the  outtlow  ii  a 
tc«ady  stream  due  to  tb«  eUutic  reooil  of  the  distended  ba«.  0. 


a  similar  glass  tube  drawn  to  a  fine  point  (c).  In  the  latter  case  the 
distensible,  elastic  tubing  represents  the  arterial  system,  and  the 
fine  pointed  glass  tube  the  peripheral  resistance  of  the  capillar}'  area. 
If  the  syringe  bulb  is  put  into  rhythmical  play  and  the  tlow  is  liirected 
through  tube  b  the  discharges  are  in  rhythmit-al  spurts,  but  if 
directed  through  tul>e  c  the  discharge  is  a  continuous  stream, 
since  the  force  of  the  separate  beats  becomes  stored  as  elastic  tension 
in  the  walls  of  the  hand  tubing,  and  it  is  this  constant  force  which 
drives  a  steady  stream  through  the  capillary  point.  In  a  general 
way,  tliis  schema  gives  us  a  true  picture  of  the  conditions  in  the  cii> 
culation.  The  rln  thmtcal  force  of  the  heart  beat  is  stored  as  elastic 
tension  in  the  wallp  of  the  arteries,  and  it  is  the  squeeze  of  these 
distended  walls  which  gives  the  continuous  driyijig  force  ihatJa. 
resjjonsible  for  tiic  constant  flow  irrthe  caj)illaries  and  veins^_ 

Enumeration  of  the  Factors  Concerned  in  Producing  Nor- 
mal Pressure  and  Velocity. — In  the  normal  circulation  we  may 
33 
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say  that  four  chief  factors  co-operate  in  producing  the  conditions 
of  pressure  and  velocity  as  we  fintl  them.  These  factors  are:  (I) 
The  heart  beat.  (2)  The  resistance  to  the  flow  of  blood  through  the 
vessels,  and'especially  the  peripheral  resist/mce^in  the  region  of  the 
small  arteries,  capilian^,  and  sntall  veins.  (^)  The  elasticity  of 
the  arteries.  (4)  The  quantity  oM)lofKi  in  the  system.  The 
way  in  which  these  factors  act  nia^'  be  pictured  as  follows:  Suppose 
the  system  at  rest  with  the  definite  quantity  of  blood  distributeii 
equally  thmughout  the  vascular  system.  The  int-emal  or  side 
pressure  throughout  the  system  vn^II  be  everywhere  tlie  same, — 
probal>ly  zero  (atmospheric)  pressure,  since  the  capacity  of  the 
vascular  system  is  sufficient  to  hold  the  entire  quantity  of  blood 
without  distension  of  it^  walls.  If,  now,  the  heart  begins  to  beat 
with  a  definite  rhythm  and  discharges  a  definite  quantity  of  blood  at 
each  beat  the  whole  mass  will  he  set  into  motion.  The  arteries 
receive  the  blcwd  more  rapidly  than  it  can  escape  through  the  capil- 
laries into  the  veins,  and  consequently  it  accumulates  upon  the 
arterial  side  until  an  equilibrium  is  n^ached, — that  is,  a  point  at 
which  the  elastic  reroil  of  the  whole  arterial  tree  suffices  to  force 
through  the  capilhiricis  in  a  unit  of  time  as  much  blood  as  is  received 
from  the  heart  during  the  same  time.  In  this  condition  of  equilib- 
rium the  flow  in  caj>illaries  and  veins  is  constant,  and  the  side 
pressure  in  the  veiiLS  increases  from  the  right  auricle  back  to  the 
capillaries.  In  the  arteries  there  is  a  large  side  pressure  throughout, 
owing  to  the  resistance  between  them  and  the  veins  and  especially 
to  the  great  resistance  offered  by  the  narrow  capillaries.  This 
pressure  rises  and  falls  with  each  discharge  from  the  heart,  and  the 
pulse  waves,  both  as  regards  pressure  and  velocity ,  are  most  marked 
in  the  aorta  and  diminish  farther  out  in  the  arterial  tree,  failing 
completely  in  the  last  small  arterioles,  since  if  taken  together  these 
arterioles  crmstitute  a  large  and  distensible  tube  of  much  greater 
capacity  than  the  aorta. 

General  Conditions  Influencing  Blood-pressure  and  Blood- 
velocity. — Alterations  in  any  of  the  four  chief  factors  mentioned 
above  must,  of  course,  cause  a  change  in  pressure  and  velocity. 

I.  An  increase  in  the  rate  or  force  of  the  heart  l>eat  will  increase 
the  velocity  of  the  flow  throughout  the  system,  although,  of  course, 
that  general  difference  in  velocity  in  the  arteries,  capillari^,  and 
veins  which  depenrls  upon  the  variations  in  width  of  bed  will  remain- 
Such  a  change  will  also  cause  a  rise  of  pressures  throughout  the 
system.  The  energy  exhibited  in  the  vascular  system  as  side  pres- 
sure, velocity  pressure,  etc.,  corner,  in  the  long  run,  mainly  from 
the  force  of  contraction  of  the  heart  muscle.  This  force  is  what  is 
represented  in  the  model,  Fig.  208,  as  the  total  head  of  pressure  ( //). 
An  increase  in  rate  or  force  of  heart-beat  is  equivalent,  therefore, 
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to  an  increase  in  this  head  of  pressure,  and  along  with  the  increase 
in  velocity  thus  causefi  there  is  an  increased  friction  or  resistance. 
IL  An  increase  or  decreai^e  in  the  width  of  the  vessels  will 
influence  both  the  resistance  t^j  the  i\inv  and  the  velocity.  Under 
normal  conditions  it  is  the  small  art^cries  that  are  constricted  or 
dilated  (rasoconstriction  and  vasodilatation).  A  constriction  of 
these  arteries  causes  an  increase  in  arterial  jiressures  and  a  decrease 
in  venous  pressure,  'i'he  velocity  of  the  hlood-flow  is  decreased. 
A  dilatation  has  the  opix)sit.e  effects.  Numerous  instances  of  this 
relation  will  he  referreti  to  in  descrihing  the  physiolog}'  of  the  vaso- 
motor nerves. 

III.  A  diminution  in  elasticity  of  tlie  arteries  will  tend  to 
interfere  with  the  coTistancy  of  the  flow  fn.)m  t!ie  arteries  into  the 
capillaries,  and  in  the  arteries  themselves  the  swings  of  pressure 
from  syetoUc  to  diastolic  iluriii^  the  heart  heat  will  he  more 
extensive.  Thia  latter  fact  can  be  shown  upon  eltlerly  individuals 
whose  arteries  are  becoming  rigid,  but  whether  a  change  of  this 
character  is  ever  so  advanced  in  himian  l>eings  as  to  seriously  modify 
the  capillar}'  circulation  does  not  appear  to  have  been  investigated. 

IV.  A  loss  of  Mood,  other  conrlitions  remaining  the  same, 
will  also  cause  a  fall  in  hlood-pressures  and  velocity.  As  a  matter 
of  fact,  however,  a  considerable  amount  of  blood  may  be  lost  with- 
out any  marked  permanent  cliange  in  arterial  blooil-pressure.  The 
reason  for  this  result  is  fountl  in  the  adjustability  or  adaptability 
of  the  vascular  system.  It  is  in  such  resi>ects  that  the  system  differs 
greatly  from  a  rigid  schema  such  as  we  use  for  our  mf»dels.  Wlien 
blood  is  withdrawn  from  the  vessels  the  loss  may  be  offset  by  an 
increased  action  of  the  heart  and  by  a  contraction  of  the  arterioles, 
the  two  effects  combining  to  give  a  normal  or  apf)roximately  normal 
arterial  pressure.  To  carr\'  out  the  analogy-  with  the  morlel  (Fig. 
208)  if  by  chance  some  of  the  store  of  water  was  lost  we  might  sub- 
stitute a  namnver  reservoir,  so  that  with  a  diminished  supply  we 
could  still  maintain  the  same  level  of  pressure.  In  the  body, 
moreover,  a  loy.s  of  blcwd  by  hemorrhage  may  be  compensated  in 
part,  so  far  as  the  bulk  of  the  liquid  is  concerned,  by  a  flow  of 
liquid  from  the  tissues  into  the  blood-vessels. 

The  Hydrostatic  Effect. — In  the  living  animal,  especially  in 
those,  like  ourselves,  that  walk  upright,  the  actual  pressure  in  the 
arteries  of  the  various  tissues  must  vary  much  also  with  the  position. 
For  instance,  in  standing  erect  the  small  arteries  in  the  hands  or 
feet  are,  in  addition  to  other  conditions  noted  above,  exposed  to  the 
weight  of  the  column  of  arterial  bbod  standing  over  them.  In 
the  pendent  arm  the  ekin  of  the  fingers  is  congested ;  if,  however. 
the  arm  is  raised  above  the  head  the  skin  may  become  blanched 
because  now  the  column  of  blood  from  fingers  to  shoulder  exercises 
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a  hydrostatic  pressure  in  the  opposite  direction.  In  determinations 
of  blood-pressure  in  the  brachial  artery  of  man  care  should  t^e  taken 
to  keep  the  arm  m  the  same  position  in  a  series  of  obser\'ations  in 
order  to  equalize  the  effect  of  the  hydrostatic  factor.  The  impor- 
tance of  this  gravity  effect  is  most  evident  in  the  case  of  the  ab- 
dominal (splanchnic)  circulation.  When  an  animal  accustomed 
to  go  on  all  fours  Is  held  iu  a  vertical  position  the  great  vascular 
area  of  the  abdomen  is  placed  under  an  increased  pressure  due  to 
gravity,  and,  unless  there  is  a  compensator)'  contraction  of  the 
arterioles  or  of  the  abilominal  wall^  so  much  blood  may  accumulate 
in  this  portion  of  the  system  that  the  arterial  pressure  in  the  aorta 
will  fall  markedly  or  the  circulation  may  stop  entirely.*  In  most 
cases  the  compensation  takes  place  and  no  serious  change  in  the 
circulation  results.  In  rabbits,  however,  which  have  lax  abdominal 
walls,  it  is  said  that  the  animal  may  be  kiHed  by  simply  holding  it 
in  the  erect  position  for  some  time.  For  the  same  reason  an  erect 
posture  in  man  may  be  dangerous  when  the  compensator)'  nervous 
reflexes  controlling  the  arteries  and  the  tone  of  the  abdominal  wall 
are  thrown  out  of  action,  as,  for  instance,  in  a  faint  or  in  a  condition 
of  anesthesia.  In  such  conditions  the  recumbent  jxjsition  favors 
the  maintenance  of  the  normal  circulation.  Indeed,  under  ordinary 
conditions  some  individuals  are  quite  sensitive  to  the  effects  of  a 
vertical  jMjsitioa,  esix^cially  if  unacconipauietl  by  muscular  or  mental 
activity,  and  may  suffer  from  giddiness  and  a  sense  of  faintnessi 
in  consequence  of  a  fall  in  general  blood-pressure.  It  seems  prob- 
able that  in  these  cases  the  gravity  effect  has  drafted  off  an  undue 
amount  of  blood  into  the  splanchnic  area.  Individuals  who  have 
been  kei>t  in  bed  for  lon^  (periods  by  sickness,  accident,  or  other 
causes  suffer  fnnn  giddiness  and  unsteadiness  when  they  tirst 
attempt  to  stand  or  walk.  It  seems  quite  ]>ossible  that  in  such 
cases  the  effect  is  caused  by  a  fall  in  arterial  pressure  brought 
abimt  by  the  dilatation  in  the  splanchrnc  area.  The  added 
weight  of  blood  thrown  on  these  vessels  by  the  effect  of  gravity 
is  not  compensated  by  a  vasoconstriction  of  the  arterioles  or  an 
increased  tone  in  the  abdominal  walls.  While  certain  general 
deductions  of  the  kind  given  above  may  be  made  from  our 
knowledge  4>f  the  hydro<lynamics  and  hytlrostatirs  of  the  cir- 
cuhui^^n,  it  is  evident  that  in  particular  cases,  whether  affecting 
special  organs  or  the  organism  as  a  whole,  it  is  necessary  to 
obtain  directly,  if  possible,  the  facts,  not  only  for  the  arterial 
pressure  and  velocity  but  also  for  the  venous  pressure  and 
velocity,  in  order  to  draw  safe  conclusions  as  to  the  changes  in 
the  circulation.  In  all  observations  made  upon  man  it  is 
especially  important  to  standardize  the  results  by  reducing 
*  HiU  and  Harnanl,  ''Journal  of  Physiology,"  21.  321,  1897. 
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them  to  a  common  level,  that  is,  to  the  level  of  the  heart  at  the  cos- 
tal angle  (p.  507). 

Accessory  Factors  Aiding  the  Circulation.— The  force  of  the 
heart  beat  is  the  main  factor  concerned  in  the  movement  of  the 
blood,  but  certain  other  muscidar  movements  aid  more  or  less  in 
maintaining  the  circulation  as  it  actually  exists  in  the  living  animal, 
particularly  in  their  effect  upon  the  flow  of  blood  in  the  veins. 
The  most  important  of  these  accessory  factors  are  the  respiratory 
movements  and  the  contractions  of  the  muscles  of  the  limbs  and 
viscera.  At  each  inspiratory  movement  the  pressure  relations  are 
altered  in  the  thorax  and  abdomen,  and  reverse  changes  occur  dur- 
ing expiration.  These  effects  influence  the  flow  of  blood  to  the 
heart,  and  alter  the  velocity  and  prc^ssurc  of  the  blood  in  a  way  that 
is  described  in  the  section  on  Respiration  under  the  title  of  The 
Respiratory  Waves  of  Blood-pressure.  In  brief,  it  may  be  said 
that  the  main  effect  of  the  respirator^'  movements  is  to  force  or  to 
suck  blood  from  the  large  veins  of  the  abdomen  and  neck  into  the 
large  thoracic  veins,  and,  therefore,  into  the  right  side  of  the  heart. 
Keith*  has  called  attention  to  the  fact  that  the  system  of  large 
veins  in  the  thorax  and  abdomen,  namely,  the  superior  and  in- 
ferior vense  cavse^  the  innominate,  iliac,  hepatic,  and  renal  veins 
constitute  what  he  calls  a  venous  cistern,  whose  capacity  may  be 
reckoned  as  about  4(>0  to  500  c.e.  This  cistern  is  shut  off  below 
from  the  veins  of  the  lower  extremity  by  the  valves  in  the  femoral 
veins  at  their  entrance  into  the  pelvis;  it  is  shut  off  from  the  veins 
of  the  upper  extremity  by  valves  in  the  subclavian  veins,  and  from 
the  veins  of  the  neck  and  head  by  the  jugular  valves.  AVhen  an 
inspiration  is  made,  the  lowere<l  pressure  in  the  thoracic  cavity 
aspirates  blood  from  the  veins  in  the  neck  and  upper  extremities 
into  the  superior  cava,  and  on  the  return  to  the  expiratory  position 
blood  cannot  be  forced  back  owing  to  the  jugular  and  subclavian 
valves.  In  the  same  way  the  lessened  intrathoracic  pressure  during 
inspiration  must  tend  to  aspirate  blood  from  the  abdominal  portion 
of  the  inferior  vena  cava  into  the  thoracic  portion,  and  this  move- 
ment of  blood  into  the  thorax  is  probably  aided  by  the  rise  in 
pressure  in  the  abdomen  caused  liy  the  descent  of  the  diaphragm^ 
since  an  increase  of  pressure  in  the  abdomen  would  be  prevented 
from  driving  blood  toward  the  legs  by  the  presence  of  the  femoral 
valves.  The  play  of  the  respiratory  movements  must,  therefore, 
constitute  a  constant  factor  teniling  to  empty  the  venous  cistern 
into  the  right  heart,  and  in  this  way  promoting  the  circulation  on 
the  venous  side.  Contractions  of  the  skeletal  muscles  must  also 
influence  the  blood-flow.  The  thickening  of  the  fibers  in  con- 
traction squeezes  upon  the  capillaries  and  small  vessels  and  tends 
•  Keith,  "JournftI  of  Anatomy  and  Physiology,"  42,  I,  1908. 
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to  empty  them.  On  account  of  the  valves  in  the  veins  the  blood 
is  forced  mainly  toward  the  venous  side  of  the  heart,  so  th^t 
rhythmical  contractions  of  the  muscles  may  accelerate  the  cir- 
culation. This  pumping  effect  of  our  muscular  movements  is 
probably  quite  an  imixirtant  factor  in  retuniinR  the  blood  from 
the  lower  extremities,  la  this  portion  of  the  body  the  venous 
flow  to  the  heart  has  to  overcome  the  hydrostatic  pressure  of  the 
column  of  blood,  and  it  has  been  shown  that  when  one  is  standing 
quite  still,  the  venous  pressure  alone  may  be  insufficient  to  overcome 
this  resistance,  so  that  the  blood-flow  from  the  feet  may  be  raucli 
retarded.  Under  these  circumstances  movements  of  the  legs,  u 
in  walking,  aided  hy  the  valves  in  the  veins,  probably  help  to 
"  milk  "  the  bloo<l  into  the  pelvic  veins,  The  contractions  of  the 
smooth  muscles,  especially  in  the  stomach  and  int-estines,  duhn| 
digestion  have  a  similar  effect.  The  musculature  of  the  spleen 
also  is  supposed  to  aid  the  circulation  through  that  organ  by  it* 
rhythmical  contractions. 

The  Conditions  of  Pressure  and  Velocity  in  the  Pulmooarf 
Circulation. — ^The  geneml  plan  of  the  smalJer  circulation  (mnv 
right  ventricle  to  left  auricle  is  the  same  ai«  in  the  major  or  systemic 
circulation,  and  the  same  general  principles  hold.  The  right 
ventricle  piunps  its  blood  into  the  pulmnnar>*  arter\',  and,  on  ac- 
count  of  the  perif)heral  resistance  in  the  lung  eapillariee,  the  sidr 
pressure  in  the  arterv'  is  higher  tlian  in  the  capillaries,  and  higher  in 
these  than  in  the  pulmoiuiry  veins.  The  velocity  of  movement  is 
least,  on  the  other  hand,  in  the  extensive  capillar^'  area  and  greatest 
in  the  pulmonary  artery  and  veins,  on  account  of  the  variations  in 
width  of  the  bed.  So  also  in  the  pulmonary*  arter>^  the  pressure  anii 
velocity  must  fluctuate  i>etvveen  a  syst^>lic  and  diastolic  level  at  each 
heart  beat,  while  in  the  pulmonary  veins  they  ai'e  more  or  less  uni- 
form. An  interesting  dilTerence  l>etween  the  two  circulations 
consists  in  the  fact  that  the  peripheral  resistance  is  evidently  much 
less  in  the  pulmonar>'  circuit,  and  consetjuently  the  pressure  in  the 
pulmonary  arteries  ia  much  less  than  in  the  aortic  system.  The 
velocity  of  the  flow,  as  already  stated  (p.  489),  is  also  greater  in 
the  lung  ctipillarics  than  in  the  systemic  capillaries.  Exact  clefcr- 
minations  of  the  pressure  in  the  pulmonary  arter>'  are  made  with 
difficulty  on  account  of  the  position  of  the  vessel,*  The  results 
obtained  by  various  observers  give  such  values  as  the  following: 

MkaN    PflESArKK.  ExTRauB    Vahiations. 

Mum.  Hr..  Mua.   Un. 

Dog 20  10     to  33 

Cat 18  .      7.5  "   24.7 

RaJjbit 12  0      "35 

*  For  a  discussion  of  the  special  physiology  of  the  pulraonary  circul»tior 
and  for  references  to  lit<»rature,  see  Tigerstedt,  ''Ergebnisse  der  rtiysiologift,' 
vol.  ii.,  part  ii.,  p.  528,  1903. 
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reality  adapted^  more  or  less  accurately,  to  deteniiine  one  or  the 
other  or  both  of  these  pressures.  No  instrument  has  been  devised 
for  determining  the  tnenn  pressure,  and  as  a  matter  of  fact  such 
a  thing  as  mean  pressure  does  not  exist  in  the  large  arteries,  it  is 
simply  an  abstraction.  What  really  occurs  in  these  arteries  is  a 
rapid  swing  of  pressure  with  each  heart-l>eat  from  the  diastolic 
to  the  systolic  level,  and  to  interpret  fully  our  records  it  is  impor- 
tant to  determine  each  of  thest*  values.  The  methods  that  have 
been  proposed  for  this  purpose  have  undergone  a  gradual  evolu- 
tion am]  improvement.  Tiie  determinations  of  systolic  pressure 
were  first  made,  according  to  the  principle  suggested  by  von  Bjtsch, 
by  asc4'rtaining  the  pressure  that  is  just  sufficient  to  occlude  an 
artery,  so  that  a  puisi»  wave  cannot  pass  through.  The  simplest 
form  of  apparatus  for  this  purpose  is  the  one  propose*!  by  Riva- 
Rocci  and  represented  in  Fig.  201,  Instruments  of  this  kind  are 
known  as  sphygmomanometers. 

The  leather  or  canvas  band,  a,  i»  hxickM  snugly  around  the  arm.  On 
the  inner  surface  of  this  band  there  is  n  ruhhcr  hitR  which  communicates  with 
thp  niorcury  manoinoter,  d,  and  the  prussiiro  htitlj.  r.  Wht'ij  th(»  bam!  is  in 
place  rhytFunical  ooiiipri'rtsidnn  of  r  will  fnrce  iiir  into  the  rubber  bag  surrwund- 
inK  the  arm.  This  bti^  is  blowii  up  and  exerts  pressure  upan  ttie  arm  and 
thrtJiiKh  th*»  arm  tiKsup  u[)oti  the  brachial  artery.  Th<*  amount  of  prtisnure 
that  i-s  being  exerttxi  upon  the  itrm  in  indicated  at  any  moment  by  the  mor- 
cury  manometer.  The  moment  nf  ohUtpration  of  the  arter>'  is  detemiintvl 
by  fwhng  (or  recnrfhnj;)  thr  pulsp  in  tlip  riMliai  sirtery.  The  nuimerit  that 
thiti  pulfM?  dLsappearrt,  as  tho  pr^^ssure  upmi  th*-  bnichia!  is  raisc^i,  indirates  the 
maximum  or  systolie  prt^isurc  in  the  braehial  artery.  As  the  pressure  is  low- 
envi  a^ain  the  pulse  rcnjipenrs.  Amon^c  other  sources?  of  error  invnUtKi  in 
this  metho<l  it  is  tn  he  minembere'l  that  the  tactile  sensibihty  i.i  not  sullieiently 
deiieate  to  detect  a  mininnil  pulse  in  the  artery.  Other  methods  of  determin- 
ing tlie  svHtolie  pressure  (see  below)  indicate,  as  a  matter  of  faet.  that  the 
puW  eontinu^ris  wmc  time  after  an  individual  of  average  tactile  seoaibility  ia 
unabk'  to  detect  it. 

For  practical  purposes,  a  grejit  improvement  was  made  by 
Korotkoff  in  the  intnx^uction  of  the  auscultation  method  by  means 
of  which  \xA\i  i^ystoiic  and  diastolic  pressures  may  be  determined 
rapidly  with  approximate  accuracy.  In  this  method  the  cuff 
with  its  pneumatic  bag  (a)  is  placet!  n>tmd  the  arm  above  the  elbow^ 
and  by  means  of  a  bulb  (c)  or  pmnp  the  pressure  within  the  pneu- 
matic bag  is  raised  until  the  brachial  ar(ery  is  completely  obliter- 
ated. A  stethoscope  is  now  applied  to  the  location  of  the  brachial 
artery  just  below  the  lower  etlge  of  the  cuff,  and  by  means  of  a 
needle  valve  the  pressure  on  the  arti'ry  is  allowe<l  to  drop  slowly. 
The  moment  that  the  pressure  falls  to  a  point  at  which  a  pulse 
wave  can  break  through  the  constricted  area  a  distinct  sound 
will  be  heard  in  the  stethoscope.  If  the  mercury  manometer  is 
read  at  this  point,  it  will  give  the  value  for  the  systolic  pressure. 
As  the  outside  pressure  continues  to  fall  the  sound  becomes  fuller, 
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General  Statement. — When  the  ventricular  systole  dischugu 
a  new  quantity  of  blood  into  the  arteries  the  pressure  within  tben 
vessels  is  increased  temporarily.  If  the  arteries,  capillaries,  and 
veins  were  perfectly  rigid  tubes  it  is  evident  that  this  pressuze  would 
be  transmitted  practically  instantaneously  throughout  the  systanf 
and  that  a  quantity  of  blood  would  be  displaced  from  the  vent 
cavffi  into  the  auricles  equal  to  the  quantity  forced  into  the  aorta  by 
the  ventricle.  The  flow  of  blood  throughout  the  vascular  system 
would  take  place  in  a  series  of  Spurts  or  pulses,  the  pressure  risins 
suddenly  during  systole  and  falling  rapidly  during  diastole.  Snc® 
the  blood  is  incompressible  and  the  walls  of  the  vessels  if  npi 
would  be  inextensible,  the  rise  of  pressure,  the  pulse,  would  be 
simultaneous  in  all  parts  of  the  system.  The  fact,  however,  that 
the  walls  of  the  vessels  are  extensible  and  elastic  modifies  the  traoft^ 
mission  of  the  pulse  wave  in  several  important  particulars:  Il> 
explains  why  it  is  that  the  pulse  dies  out  in  or  at  the  beginning  df 
the  capillaries  and  why  it  occurs  at  different  times  in  different 
arteries — that  is,  why  the  wave  of  pressure  takes  a  perceptible 
time  to  travel  over  the  arteries.  The  result  that  follows  from  the 
elasticity  of  the  arteries  may  be  pictured  as  follows:  Under  the 
normal  conditions  of  the  circulation  when  the  heart  contracts  and 
forces  a  new  quantity  of  blood  into  the  aorta  room  must  be  made 
for  this  blood  either  by  moving  the  whole  mass  of  the  blood  forward 
— that  is,  by  discharging  an  equal  amount  at  the  other  end  into  the 
auricle — or  by  the  enlargement  of  the  arteries.  This  latter  alter- 
native is  what  really  happens,  as  it  takes  less  pressure  to  distend 
the  aorta  than  to  move  forward  the  entire  mass  of  blood  under  the 
conditions  that  exist  in  the  body.  So  soon,  therefore,  as  the  semi- 
lunar valves  open  and  the  new  column  of  blood  begins  to  enter  the 
aorta,  the  walls  of  that  vessel  begin  to  expand  and  during  the  time 
that  the  blood  is  flowing  out  of  the  heart — that  is,  in  round  numbers, 
about  0.3  sec. — the  extension  of  the  walls  passes  from  point  to  point 
along  the  arterial  system.  At  the  end  of  the  outflow  from  the  heart 
all  the  arteries  are  beginning  to  enlarge,  the  maximum  extension 
being  in  the  aorta,  and  room  is  thus  made  for  the  new  quantity  of 
blood.    The  new  blood  that  is  actually  discharged  from  the  heart 
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lies  somewhere  in  the  aorta,  but  the  pressure  that  haa  been  trans- 
mitted  along  the  system  and  has  caused  it  to  expand  has  made 
room  for  the  blood  forced  out  of  the  aorta  b}'  the  new  blood. 
With  the  cessation  of  the  henTi  beat  and  the  closure  of  the  semihinar 
valves,  the  sharp  recoil  of  the  distended  aorta  drives  forward  the 
column  of  blood,  and  as  the  aorta  sinks  bock  to  its  nomml  diastolic 
diameter  the  more  distal  p<jrtions  of  the  arterial  system  are  at  first 
distended  to  a  certain  point  and  then  return  to  their  diastolic  size 
as  the  excess  of  blood  strejims  through  the  capillaries  into  the  veins. 
At  the  time  that  the  aorta  has  reached  its  diastolic  size  the  walls 
of  the  most  distant  arterioles  have  jmssed  their  maximtnn  extension 
and  are  beginning  to  collapse.  The  distension  caused  by  the  pulse, 
therefore,  spre-ads  through  the  arterial  system  in  the  form  of  a  wave. 
At  any  given  point  the  distension  of  the  walla  increases  to  a  maxi- 
mum and  then  declines,  and  when  this  change  in  size  is  recorded 
in  the  large  arteries,  by  methods  described  below,  it  is  found  that 
the  expansion  of  the  arten^  is  much  more  sudden  than  the  subse- 
quent collapse.  This  difference  is  understood  when  we  remember 
that  the  heart  throws  its  load  of  blood  into  the  arteries  with  sud- 
denness and  force,  causing  a  sharp  rise  of  pressure,  while  the  collapse 
of  the  arteries  is  due  to  their  own  elasticity.  The  disappearance 
of  the  pulse  l>efore  reaching  the  capillary  area  is  readily  compre- 
hendetl  when  one  remembers  that  the  arterial  tree  constantly  in- 
creases in  size  as  one  passes  out  from  the  aortic  trunk.  Many  facts, 
such  as  those  of  pressure  and  velocity  already  described,  intlicate 
that  the  increiuse  in  capacity  of  the  arterial  system  is  somewhat 
gradual  until  the  region  of  the  smallest  arterioles  and  capillaries  is 
reacheii  and  that  at  this  jxiint  there  is  a  sudden  widening  out  or 
increase  in  capacity  of  the  whole  system,  although  the  individual 
vessels  diminish  in  diameter.  It  is  in  this  legion  that  the  pulse, 
under  ordinary  conditions,  becomes  imperceptible.*  When  the 
arteri(jles  in  any  organ  are  diluted  the  pulse  may  spread  through 
the  capillarj^  regions  and  l>e  visible  in  the  veins.  A  venous  pulse 
produced  in  this  way  may  be  observed,  for  example,  in  the  veins 
of  the  hand  during  sleep  (Hooker). 

Velocity  of  the  Pulse  Wave. — From  the  above  considerations 
it  is  evident  tliat  in  a  system  siuch  as  is  presenterl  by  our  blood- 
vessels the  velocity  of  the  pulse  wave  nmst  varv'  with  the  rigidity 
of  the  tubes.  If  perfectl>'  rigid  the  pressure  would  be  transmitted 
practically  instantjineously ;  if  the  walls  were  very  extensible  the 
propagation  would  be  relatively  slow.  For  our  blood-vessels  as 
they  exist  at  any  given  moment  the  velocity  of  the  pulse  wave  may 
be  estimated  by  a  simple  method :  Two  arterie^s  may  be  selected  at 

♦  For  a  satisfactory  discission  of  the  pulse  and  for  literature  consult  von 
Frey,  "Die  Untersuchung  dw  Pulses.'^  Beriin.  1892.  For  a  description  of 
the  variations  in  disease  consult  Mackenzie,  "  The  Study  of  the  Pulse,  etc" 
New  York,  1902. 
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differont  distances  f  rum  the  heart  and  the  pulse  wave  as  it  passes  by 
a  given  point  in  each  arten'  may  be  recorded  by  some  convenient 
apparatus,  such  as  can  be  devised  in  any  laboratory.  If  the  waves  ' 
are  recortled  on  a  rapidly  revolving  kymographion  whose  rate  of 
movement  can  be  determined,  then  the  difference  in  time  in  the 
arrival  i»f  the  pulse  wave  at  the  two  points  is  easily  ascertained* 
That  there  is  a  jjerceptiblc  difference  in  time  one  can  easily  demon-  ' 
etrate  to  himself  by  feeling  simultaneously  the  pulse  of  the  radial 
and  the  carotid  arteries.  If  this  difference  in  time  is  determined 
for  two  arteries — for  iustanee,  the  femoral  and  the  tibialis  auierior 
— and  the  <listance  between  the  two  points  is  recorded,  we  have 
evidently  the  necessary  data  for  obtaining  the  velocity  of  the 
pulse  wave  in  the  arteries  of  that  region.  A  record  of  this  kind 
is  shown  in  Fig.  211. 


Kig.  211. — To  illustrato  the  method  of  detenniniDg  the  velocity  of  tbe  puLse  ««v« 
in  man.  Show^  record  of  the  nuLse  nt  two  point.**  on  the  leic  at  a  known  dij<t«iice  apart. 
Tb«  difference  in  time  u  giveo  by  the  veKiroU  dropped  from  the  boginDinit  of  those  wbves 
to  (he  time  curve.  Thia  InAt  ia  made  by  the  vibrationn  of  a  tuning  fork  ^vinc  SO  Tibn^ 
tlooa  per  •eeond*     The  diflTereace  in  thin  eotm  wan  eriual  Ut  0-07  mc. 


The  results  obtained  by  various  authors  indicate  that  the  velocity 
varies  somewhere  injtween  6  and  9  meters  per  second  for  adults. 
The  figures  puhlished  by  later  ol>servers  show  also  that  the  velocity 
is  somewhat  greater  in  the  upi>er  extremities  (7.5  ni.  for  carotid- 
radial  estiniatiiin)  than  ia  therleMJendin^  aorta  (6.5  m.  for  carotid- 
femoral  estimation).*  The  average  of  thirty  detemiinationa  made 
in  the  author's  laboratory'  upon  metlical  students  shows  that  the 
velocity  in  the  leg  (femoml-an tenor  tibial)  is  6.1  m.  when  the 
records  are  !nade  ui>an  the  same  leg.  and  7.4  ra.  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 

*£dgren,  "SkandinaviAchce  Archiv  f.  Phyiriol./'  1,  06.  1889. 
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from  the  other.  The  latter  condition  would  seem  to  be  more  nor- 
mal, since  the  blood-flow  and  nonnal  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidity  of  the  arteries 
causes  the  velocity  to  rise;  in  elderiy  people,  therefore,  the  velocity 
is  distinctly  greater.  In  arterial  sclerosis  with  hypertrophy  of  the 
heart  the  velocity  may  increase  to  as  much  as  11  or  Vi  m.  Any 
marked  dilatation  of  the  arteries — such  as  occurs,  for  instance, 
in  aneur>'sms, — retards  the  pulse  wave  markedly;  so  that  the 
existence  of  an  aneurysm  may  be  detected  in  some  cases  by  this 
fact.  If  we  know  the  velocity  of  the  wave  and  the  time  that  it  takes 
to  pass  any  given  point  the  length  of  the  wave  is  given  by  the 
formula  l^vt.  In  an  arlult  the  duration  of  the  wave  {t)  at  the  radial 
may  be  taken  zis  0.5  to  0.7  sec.;  so  that  if  the  velocity  of  the  wave 
were  uniform  tlirouphout  the  :irteries  the  length  of  the  wave  woidd 
be  from  3.25  to  4.5  m.      We  can  conclude,  therefore,  that  before 


FU-  212.— The  Ihidjteon  nphyBmosraph  in  position. 


the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  the 
most  distant  arteries. 

The  Form  of  the  Pulse  Wave — Sphygmography. — The  pulse 

wave  may  be  felt  u|x>n  any  8uj)erficial  arter>'  in  consequence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  experienced 
ph^'sician  may  distinguish  some  of  the  characters  of  the  wave,  its 
frequency,  it«  force,  etc.  The  details  of  the  fonn  of  the  wave, 
however,  were  made  evident  only  wdien  the  variations  in  size  of  the 
arten'  were  recorded  graphically  by  placing  a  lever  upon  it.  Any 
instnmient  suitable  for  tliis  ptir^mse  is  designated  as  a  sphygnio- 
graphf  and  very  numerous  forms  have  been  devised.  The  move- 
ment of  the  artery  is  very  small  and  to  obtain  a  distinct  record  it  is 
necessary  to  magnify  this  movement  greatly  by  a  properly  con- 
stnicted  lever. 

The  form  of  lever  that  is  p>cThap8  moat  frequently  employed  is  shown  in  the 
aoooinpanying  figures.     The  instrument  ia  strapped  upon  tlie  arm  ao  that  the 
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different  distiuu-es  from  the  heart  and  the  pulse  wave  as  it  passes  by 
a  given  point  in  each  artery  may  be  recorded  l:>y  some  convenient 
apparatus,  such  as  can  be  devised  in  any  ]aborator>\  If  the  waves 
are  recorttel  on  a  rapidly  revolving  kyniographion  wliose  rate  of 
movement  can  be  <letenninetl,  then  the  difference  in  time  in  the 
arrival  of  tlie  pulse  wave  at  the  two  points  is  easily  ascertained. 
That  there  is  a  percepti)>le  difference  in  time  one  can  easily  demon- 
strate to  himself  by  feeling  simultaneously  the  pulse  of  the  radial 
and  the  earotiil  arteries.  If  this  difTerence  in  time  is  determined 
for  two  arterieH — for  instance,  the  fenuiral  and  the  til>ialis  anterior 
— and  tlie  distance  between  the  two  points  is  reciirded,  we  have 
evitlcatly  the  necessary'  data  for  obtaining  the  velueily  of  the 
pulse  wave  in  the  arteries  of  that  region.  A  record  of  this  kind 
is  shown  in  V'\fr,  211. 


Kig.  21L^-T(i  iUuf-trutc  tlic  inet.ho<l  of  detemtining  the  vel«*city  *>(  Itta  puiae  «av« 
ki  mi&a.  ShiiWh  record  of  tbe  iiuImt  nt  two  poinu  on  th«  Idk  st  u  known  liUtance  ar^rt- 
Tbe  difference  in  time  ib  given  by  the  vertic&U  dropped  from  the  beKitinins  uf  tbeee  wkvaa 
to  the  time  curve.  Thin  lut  i»  mftde  by  the  vibrationM  of  ■>  tuning  fork  giving  60  vibrm- 
tioni  per  aMx>D<l.      Tbe  difTerenoe  in  this  case  wna  equal  to  0-07  seo- 


The  results  obUiined  by  various  authors  indicate  that  the  velocity 
varies  somewhere  between  6  and  9  meters  per  second  for  adults. 
The  figures  published  by  later  observers  show  also  that  the  velocity  J 
is  somewhat  greater  in  the  upi)er  extremities  (7.5  ni.  for  carotid- 
radial  estimation)  than  in  the  descendinK  aorta  (CI  m.  for  carotid- 
femoral  estiiimtion).*  The  average  of  thirty  determinations  made 
in  the  authf>r*s  laboratory  upon  medical  students  shows  that  the 
velocity  in  the  leg  (femoral-anterior  tibial)  is  6.1  m.  when  the 
records  are  made  u|)on  the  same  leg.  an<l  7,4  m.  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 

♦  Edgren,  "Skandinavisches  Archiv  f.  Physiol  ."  1,  95.  1880. 
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from  the  other.  The  latter  condition  wouKl  seem  to  he  more  nor- 
mal, ance  the  blood-flow  and  normal  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidity  of  the  arteries 
causes  the  velocity  to  rise;  in  elderly  jMHiple.  therefore,  tlie  velocity 
is  distinctly  greater.  In  arterial  sclerosis  with  hypertropliy  of  the 
heart  the  velocity  may  increase  to  as  much  as  II  or  i;i  m.  Any 
marked  dilatation  of  the  arteries — such  as  occurs,  for  inst-aneo, 
in  aneun'sms, — ^retards  the  pulse  wave  markedly;  so  that  the 
existence  of  an  aneur\'8m  may  be  detecte<l  in  some  cases  by  this 
fact.  If  we  know  the  velocity  of  the  wave  and  the  time  that  it  tak(« 
to  pass  any  g:iven  point  the  length  of  the  wave  is  given  by  tho 
formula  1=  it.  In  an  adult  the  duration  of  the  wave  (/)  at  the  radial 
may  be  taken  as  0.5  to  0.7  sec.;  so  that  if  the  velocity  of  the  wave 
were  uniform  throughout  the  arteries  the  lengt.h  of  the  wave  would 
be  from  3.25  to  4.5  m.      We  can  conclude;  theref(»re.  tluit  f)ofore 


Fie.  212.— The  DudoBon  aphysmocrapi.  . 


the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  the 
most  distant  arteries. 

The  Form  of  the  Pulse  Wave — Sphygmography. — 'l^hepulae 
wave  may  Ije  felt  upon  any  superficial  arter>'  in  conaequence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  experienced 
physician  ma}'  distinguish  some  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  The  details  of  the  ff>rm  of  the  wave, 
however,  were  made  evident  only  when  the  variations  in  size  of  the 
artciy  were  recorded  graphically  by  pladng  a  lever  upon  it.  Any 
instrument  suitable  for  this  purpnee  is  demgnated  as  a  ^phygmo- 
graph,  and  ver>-  numerous  forms  have  been  devised.  The  move- 
ment of  the  arter>'  is  ver>'  small  and  to  obtain  a  diatioct  record  it  is 
Decessary'  to  magnify  this  morvesnent  greatly  by  a  pvoperly  ooih 
structed  lever. 

The  form  of  iergr  that  Is  pfthfi  mca*  fnsqwaxW  taapkntd  b  thtywn  m  tkm 
ftMompanyiiiK  figuna,    IWioiUimcBl  b  stfaffped  iip«a  toe  mb  as  t^*&  ibe 
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different  distances  from  the  heart  and  the  pulse  wave  as  it  passes  by 
a  pven  point  in  each  artei*}'  may  be  recorded  bj'  some  convenient 
apijaraiiis,  such  as  can  l>e  tlevised  in  any  laboratory.  If  the  waves 
are  recordeil  im  a  rapidly  revolving  kymograpliion  whose  rate  of 
movement  can  l>e  (ietenuined,  then  the  difference  in  time  in  the 
arrival  irf  the  pulse  wave  at  the  two  points  is  easily  ascertained. 
That  there  is  a  perceptible  difference  in  time  one  can  CAsily  demon- 
strate to  liiniself  by  feeling  simultaneously  the  pulse  of  the  radial 
and  the  eanitiil  arteries.  If  tliis  difference  in  time  is  determined 
for  two  arteries — for  instance,  the  femoral  an<l  the  tibialis  anterior 
— and  the  distance  between  the  two  points  is  recorded,  we  have 
evidently  tlie  necessary  data  for  obtaining  the  velocity  of  the 
pulse  wave  in  the  arteries  of  that  region.  A  record  of  this  kind 
is  shiMvn  in  Fitr.  21 1. 


Kijc.  211. — To  iiliMtrate  the  method  of  dot«rminmj(  the  velocity  o(  the  pulse  «»v0 
in  man.  Showt«  rvcord  of  the  pulse  at  two  potnt«i  on  the  leic  at  li  known  dut*nc«  ■cart. 
The  diilerenee  in  lime  is  given  by  the  verticoU  dropped  from  the  l>c|[inninx  of  theec  wi*vo* 
tu  (tie  time  curve.  Thin  la«t  in  ramde  by  the  vibrationA  of  a  tuning  fork  giving  50  vibra- 
tions per  ««<ci>nd.     The  difference  in  thin  ciu*o  wa>  equal  to  0.07  mkj. 


The  results  obUiined  by  various  authors  indicate  that  the  velocity 
varies  somewhere  l)etween  6  and  9  meters  per  second  for  adults. 
The  fip:ures  pulilished  by  later  observers  show  also  that  the  velocity 
is  somewhat  greater  in  the  upjier  extremities  (7.5  m.  for  carotid- 
radial  estimation)  than  in  the  descending  aorta  (6.5  m.  for  carotid- 
femoral  estimation).*  The  average  of  thirty  determinations  made 
in  the  author's  laboratory*  upon  me<Hcal  students  shows  that  the 
velocity  in  the  leg  (femoral-anterior  tibial)  is  6.1  m.  when  the 
records  are  made  uj>on  the  same  leg,  and  7.4  m.  when  the  reconl 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 
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from  the  other.  The  latter  condition  would  seem  to  be  more  nor* 
raal,  since  the  blood-flow  and  normal  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidity  of  the  arteries 
causes  the  velocity*  to  rise;  in  elderly  pet>ple,  therefore,  the  velocity 
is  distint'tly  greater.  In  arteriul  sclerosis  with  hypertrophy  of  the 
heart  the  velocity  may  increase  to  as  much  as  11  or  13  m.  Any 
marked  dilatation  of  the  arteries — such  as  occurs,  for  instance, 
in  aneun'sma, — retards  the  pulse  wave  markerlly;  so  that  the 
existence  of  an  aneur\'sm  may  l>e  detected  in  some  cases  by  this 
fact.  If  we  know  the  velocity  of  the  wave  and  the  time  that  it  takes 
to  pass  any  given  point  the  length  of  the  wave  is  given  by  the 
formula  /=  vt.  In  an  adult  the  duration  of  the  wave  (t)  at  the  radial 
may  be  taken  as  0.5  to  0.7  sec;  so  that  if  the  velocity  of  the  wave 
were  uniform  throughout  the  arteries  the  length  of  the  wave  would 
be  from  3.25  to  4.5  m.      \V*e  can  conclude,  therefore^  that  before 


Fig.  212. — Tlie  T>uilgenii  uphygmogmph  in  [xwition. 

the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  the 
most  distant  arteries. 

The  Form  of  the  Pulse  Wave — Sphygmography. — The  pulse 
wave  may  be  felt  upon  any  sviperficial  artery  in  consequence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  experienced 
physician  may  distinguish  some  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  The  details  of  the  form  of  the  wave, 
however,  were  made  evident  only  when  the  variations  in  size  of  the 
arter>*  were  recorded  graphically  by  placing  a  lever  upon  it.  Any 
instrument  suitable  for  this  purjx^se  is  designated  as  a  spkygmo- 
graph,  and  veri'  niuiierous  forms  have  l>een  devised.  The  move- 
ment of  the  arteiy  is  very  smal]  and  to  obtain  a  distinct  record  it  ia 
necessar,^  to  magnify  this  movement  greatly  by  a  properly  con- 
structed lever. 

The  form  of  leverthat  is  perhaps  most  frequent Iv  emploved  is  shown  in  the 
accompanying  figurca.     The  instrument  ia  strappea  upon  the  arm  so  that  the 
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diiferent  distances  from  the  heart  and  the  pulse  wave  as  it  passes  by 
a  pciven  point  in  each  arten'  may  be  recorded  by  some  convenient 
apparatus^  siich  as  can  l>e  devised  in  any  laborator>'.  If  the  waves 
are  recorded  on  a  rapidly  revolving  kymoKniphion  whose  rate  of 
movement  can  be  detemiined,  tlien  the  difTcreiice  in  time  in  the 
arrival  of  the  pulae  wave  at  the  two  i>oint«  i«  easily  ascertained. 
That  there  is  a  jjerceptil)ie  difference  in  time  one  can  easily  demon- 
strate to  liimaelf  by  feeling  simultaneously  the  pulse  of  the  radial 
ami  the  carotid  arteries.  If  this  difference  in  time  is  determined 
for  two  arteries — for  instance,  the  femoral  and  the  tilaalis  anterior 
— and  the  distance  between  the  two  points  is  recorded,  we  have 
evidently  the  necessary  data  for  obtaining  the  velocity'  of  the 
pulse  wave  in  the  arteries  of  that  region.  A  record  of  this  kind 
is  shown  in  Fif?;.  211. 


Km.  2U,— To  Ulufttrate  the  method  of  ciotermining  the  veloeily  <>(  the  pul±«  »ikve 
In  man.  Shown  record  of  the  nulae  at  two  points  on  the  leg  at  a  known  ditttantw  apaft. 
The  difference  in  time  &■■>  ipven  l>y  the  verticala  drupped  from  the  besinninK  of  theoe  wuvtm 
to  tha  time  curve.  Thin  la«t  ia  made  by  the  vibrations  of  *  tuning  fork  givinc  SO  vibr^^ 
tiona  [Mir  s«oond.     The  difference  in  thia  esae  waa  equal  to  0-07  see. 


The  results  obtained  by  various  authors  indicate  that  the  velocity 
varies  soniowhere  between  6  and  9  meters  j^er  second  for  adults. 
The  figures  published  by  later  otwcrvers  show  also  that  the  velocity 
is  somewhat  greater  in  the  up|x*r  extremities  (7.5  m.  for  carotid- 
radial  estimation)  than  in  the  descending  aorta  (6.5  m.  for  carotid- 
femoral  estimation).*  The  average  of  thirty  detenninations  made 
in  the  author's  labonitory  upon  medical  students  shows  that  the 
velocity  in  the  leg  (femoral-anterior  tibial)  is  6.1  m.  when  the 
reconls  are  made  uf)t>n  the  same  leg.  and  7.4  m.  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 
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from  the  other.  The  latter  contlitioii  would  seem  to  Ije  more  nor- 
mal, since  the  blood-flow  and  normal  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidity  of  the  arteries 
causes  the  velocity  to  rise;  in  elderly  i>e<:iple,  therefore^  the  velocity 
is  distinctly  greater.  In  arterial  sclerosLs  with  hypertrophy  of  the 
heart  the  velocity  may  increase  to  as  much  as  11  or  13  m.  Any 
marked  dilatation  of  the  arteries — such  as  occurs,  for  instance, 
in  aneurysms, — retards  the  pulse  wave  markedly;  so  that  the 
existence  of  an  aneur>'sm  may  be  detected  in  some  cases  by  this 
fact.  If  we  know  the  velocity  of  the  wave  and  the  time  that  it  takes 
to  pass  any  given  jxiint  the  length  of  the  wave  is  given  by  the 
formula  /=  vt.  In  an  adult  the  duration  of  the  wave  {t)  at  the  radial 
may  be  taken  as  0.5  to  0.7  sec.;  so  that  if  the  velocity  of  the  wave 
were  uniform  throughout  the  arteries  the  length  of  the  wave  would 
be  from  3,25  to  4.5  m.      Wq  can  conclude,  therefore,  that  before 


Fig.  212.— The  DudRenn  aphyfftnogTBpb  in  pfwdtion. 


the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  the 
most  distant  arteries. 

The  Fonn  of  the  Pulse  Wave — Sphygmography, — The  pulse 
wave  may  be  felt  upon  any  superficial  artery  in  consequence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  experienced 
physician  may  disting\iish  some  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  The  details  of  the  form  of  the  wave, 
however,  were  made  evident  only  wlien  the  variatit>ns  in  size  of  the 
arter>*  were  recorded  graphically  by  placing  a  lever  upon  it.  Any 
instrument  suitable  for  this  purix)se  is  desigiiat'cd  as  a  sjihygmo- 
graph,  and  ver>'  numerous  forms  have  been  devised.  The  move- 
ment of  the  arter}'  is  very  small  and  to  obtain  a  distinct  record  it  is 
necessary  to  magnify  this  movement  greatly  by  a  properly  con- 
structeil  lever. 

The  form  of  lever  that  is  perhaps  moat  f  requentlv  employed  m  shown  in  the 
aooompanying  figures.     The  instrument  ia  strappea  upon  toe  arm  so  that  the 
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different  distance.s  from  the  heart  tind  the  pulse  wave  as  it  passes  by 
a  given  point  in  each  arteiy  may  be  recorded  by  some  convenient 
apparatus,  such  as  can  be  devised  in  any  laboratory.  If  the  waves 
are  recorded  on  a  rapiilly  revolving  kvmographion  whase  rate  of 
movement  can  Ije  determined,  then  the  difference  in  time  in  the 
arrival  of  the  pulse  wave  at  the  two  points  is  easily  ascertained. 
That  there  is  a  jDerceptible  difference  in  time  one  can  easily  demon- 
strate to  himself  by  feeling  simultaneously  the  pulse  of  the  radial 
and  the  carotid  arteries.  If  this  difference  in  time  is  determined 
for  two  arteries — for  instance,  the  femoral  ami  tlie  tibialis  anterior 
— and  the  distance  between  tlie  two  points  is  recorded,  we  have 
evidently  the  necessary  data  for  ol>taining  the  velocity  of  the 
pulse  wave  in  the  arteries  of  that  region.  A  record  of  this  kind 
is  sliown  in  Fig.  211. 


Kig.    211. — To  illu»trml«  the  method  of  clet«miimii<  the  velocity  of  tb«   i 
in  mui.     SbowH  record  of  the  pulae  at  two  paints  on  the  lefc  at  tk  known  dL<t.. 
The  difference  in  time  is  even  by  the  verticmls  dropped  fruiu  the  beginntnit  of  tl.A^  •-^^•^ 
to  the  time  curve-     Tbi*  lut  ia  m*de  by  the  vibratioiiA  >*(  a  tuning  fork  firinc  60  Tibrm- 
tiotui  per  second.     The  difference  iu  thui  caae  wna  tMjual  ta  0-07  sec. 


The  results  obtained  by  various  authors  indicate  that  the  velocity 
varies  eomewhere  l)etween  6  and  9  meters  per  second  for  adults. 
The  figures  published  by  lat<'r  oljservere  show  aL«io  that  the  velocity 
is  somewhat  greater  in  tht*  upper  extremities  (7.5  m.  for  carotid- 
radial  estimation)  than  in  the  descending  aorta  (6.5  m.  for  carotid- 
femoral  estimation).*  The  average  of  thirty  determinations  made 
in  the  author's  laboratory'  upon  medical  students  shows  that  the 
velocity  in  the  leg  (femoral-anterior  tibial)  is  6.1  m.  when  the 
records  are  made  uix>n  the  same  leg,  and  7.4  m.  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  Ubial 
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from  the  other.  The  latter  condition  would  seem  to  be  more  nor- 
mal, since  the  blood-flow  and  normal  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidity  of  the  arteries 
causes  the  velocity  to  rise;  in  elderly  people,  therefore,  the  velocity 
is  distinctly  greater.  In  arterial  sclerosis  with  h^j^ertrophy  of  the 
heart  the  velocity  may  increase  to  as  much  as  11  or  13  m.  Any 
marked  dilatation  of  the  arteries — such  as  occursj  for  instance, 
in  aneurysms, — retards  the  pulse  wave  markedly;  so  that  the 
existence  of  an  aneur>'sm  may  be  detected  in  some  c^ses  by  tliis 
fact.  If  we  know  the  velocity  of  the  wave  and  the  time  that  it  takes 
to  pass  any  given  point  the  length  of  the  wave  is  given  by  the 
formula  Z=  it.  In  an  adult  the  duration  of  the  wave  (0  at  the  radial 
may  be  taken  as  0.5  to  0.7  sec.;  so  that  if  the  velocity  of  the  wave 
were  uniform  throughout  the  arteries  the  length  of  the  wave  would 
be  from  3.25  to  4.5  m.      We  can  conclude,  therefore,  that  before 


PiK-  212. — ^The  DuilfEeon  sphysmogrvph  in  position. 


the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  the 
most  distant  arteries. 

The  Form  of  the  Pulse  Wave — Sphygmography. — The  pulse 
wave  may  Ik;  felt  upon  any  superficial  artery  in  consequence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  experienced 
physician  may  distinguish  some  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  Tlie  details  of  the  form  of  the  wave, 
however,  were  made  evident  only  when  the  variations  in  size  of  the 
arter>'  were  recorded  graphically  by  placing  a  lever  upon  it.  Any 
instrument  suitable  for  this  purpose  is  designated  as  a  sphygmo- 
graph,  and  ver>*  numerous  forms  have  been  devised.  The  move- 
ment of  the  artery  Ls  ver^'  small  and  to  obtain  a  distinct  record  it  ia 
nece88ar>'  to  magnify  this  movement  greatly  by  a  properly  con- 
stnicteil  lever. 

The  form  of  lever  that  is  perhaps  most  frequentlv  employed  is  shown  in  the 
aooompcnying  fif^res.     The  instrument  is  strappec  upon  tbe  arm  so  that  the 
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different  distances  from  the  heart  and  tiie  pulse  wave  as  it  passes  by 
a  piveii  point  in  each  artery  may  be  recorded  by  some  convenient 
apparatus,  such  as  can  be  devised  in  any  laboratory'.  If  the  waves 
are  recorded  on  a  rapidly  revolving  kymographion  whose  rate  of 
movement  can  Fie  determined,  then  the  difference  in  time  in  the 
arrival  of  the  pulse  wave  at  the  two  points  is  easily  ascertaineii. 
'I'hat  there  i.s  a  perceptilde  difTerence  in  time  one  can  eaaily  demon- 
strate to  himself  by  feeling  sinmltaneously  the  pulse  of  the  radial 
and  the  carotid  arteries.  If  this  ilifference  in  time  is  determined 
for  two  arterie^s — for  instance,  the  t"ern*iral  and  the  tii»ialis  anterior 
— and  the  distance  between  the  two  points  is  recorded,  we  have 
evitiently  the  necessary  data  for  obtaining  the  velocity  of  the 
pulse  wave  in  the  arteries  of  that  region.  A  record  of  this  land 
is  sliown  in  Fig.  211. 


Fib-  211. — To  illu»trat«  the  method  of  det«niimiDg  the  velocity  of  the  puUe  Kikve 
Id  mftn.  Hhow^  record  of  ibc  nulse  At  two  pi)int^  on  tnc  leg  at  a  known  dUt&noe ttp&ri. 
Thft  difference  in  tiino  ia  given  by  the  verticala  drupped  from  the  besinninfc  of  tha«e  wihvea 
to  the  time  cur\'e.  Thin  la«t  in  made  by  the  vibrations  o(  a  tuning  fork  girinc  50  ribr^ 
tioDB  per  second.     The  difference  in  this  c&ms  was  miuml  Ui  007  oec. 


The  results  obtained  by  various  authors  indicate  that  the  velocity 
varies  somewhere  between  6  and  0  meters  per  second  for  adults. 
The  figures  published  l>y  hitor  obsi^rvers  show  also  that  the  velocity 
is  somewhat  gn^ater  in  tlu^  upper  extremities  (7.5  rn.  for  carotid- 
radial  estimation)  than  in  the  dewendinp:  aorta  (6.5  m.  for  carotid- 
femoral  estimation).*  The  average  of  tliirty  detemiinations  made 
in  the  author's  laboratory'  upon  medical  students  shows  that  the 
velocity  in  the  leg  (fenioml-anterifir  tibial)  Is  6.1  m.  when  the 
records  are  made  ui>on  the  same  leg.  and  7,4  m.  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 
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from  the  other.  The  latter  con<litio!i  would  seem  to  be  more  nor- 
mal, smce  the  blood-flow  and  normal  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidit\*  of  the  arteries 
causes  the  velocity  to  rise;  in  elderly  j>eople,  therefore,  the  velocity 
is  distinctly  greater.  In  arterial  sclerosis  with  hypertrophy  of  the 
heart  the  velocity  may  increase  to  as  much  as  11  or  13  m.  Any 
marked  dilatation  of  the  arteries — such  as  occurs,  for  instance, 
in  aneurysms. — retards  the  pulse  wave  markedly;  so  that  the 
existence  of  an  aneun'sm  may  be  detecteil  in  some  cases  by  this 
fact.  If  we  know  the  velocity  of  t!ie  wave  and  t!ie  time  that  it  takes 
to  pass  any  given  point  the  length  of  the  wave  is  given  by  the 
formula  /=  rt.  In  an  adult  the  duration  of  the  wave  (/)  at  the  radial 
may  be  taken  as  0.5  to  0.7  sec.;  so  that  if  the  velocity  of  the  wave 
were  uniform  throughout  the  arteries  the  lenfjth  of  the  wave  would 
be  from  3.25  to  4.5  m.      We  can  conclude,  therefore,  that  before 


Fig.  212. — The  Dutlffenn  nphygmograph  in  position. 


the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reacheil  the 
most  distant  arterira. 

The  Form  of  the  Pulse  Wave — Sphygmography. — The  pulse 
wave  may  be  felt  upon  any  sujjcrficial  artcn'  in  consequence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  experienced 
physician  may  distinguish  some  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  The  details  of  the  form  of  the  wave, 
however,  were  made  evident  only  when  the  variations  in  size  of  the 
artery  were  recorded  graphically  by  placing  a  lever  upon  it.  Any 
instrument  suitable  for  this  purfxise  is  designated  as  a  &phygmo- 
graph,  and  ver\'  numerous  forms  have  been  devised.  The  move- 
ment of  the  artery  is  very  small  and  to  olitain  a  distinct  record  it  is 
necessary  to  magnify  this  movement  greatly  by  a  properly  con- 
structed lever. 

The  form  of  lever  that  is  perhaps  most  frequently  einploved  is  shown  in  the 
aooompunying  fif^rca.     The  instrument  is  strapped  upon  tne  arm  so  that  the 
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difforont  distances  from  the  lioart  and  the  pulse  wave  as  it  passes  by 
a  ^ven  point  in  each  arten*  may  be  recorded  by  some  convenient 
apparatiiBj  such  as  can  be  deviseci  in  any  laboratory'.  If  the  waves  ' 
are  recortled  on  a  rajMiily  revolving  kyniograpliion  whose  rate  of 
movement  can  be  determined,  tfien  the  diflerence  in  time  in  the 
arrival  of  the  pulse  wave  at  the  two  jjoints  is  e^isily  ascertained. 
That  there  is  a  jwrceptible  tlifference  in  time  one  can  easily  demon- 
strate to  himself  b\'  feeling  simulUincously  the  pulse  of  the  radial 
and  the  carotid  arteries.  If  this  difference  in  time  is  determined 
for  t  wo  arteries — for  instance,  the  femtiral  an<l  the  tibialis  anterior 
— and  the  distance  between  the  two  points  is  reci^rded.  we  have 
evidently  tlie  neoessaiy  data  for  obtaining  tlie  velocity  of  the 
pulse  wave  In  the  arteries  of  that  region.  A  record  of  this  kind 
is  ^shown  in  Fig.  211. 


FiK-    21  I  [he  method  of  detenriuiing  the  velocity  of  the  pulae  nftva 

in  uian.     .^1  ,<j  jmlso  at  two  (Kiinta  on  the  leg  at  a  known  distance  apart. 

The  different  m  tum-  i-  KitcJi  uy  tlie  verticals  drupped  frtini  the  l^ginning  nf  tbne  witves 
Ui  the  titne  curve.  Thin  lu^t  in  made  by  the  vibrationn  uf  a  tuning  fork  giviiic  50  vibra- 
tiona  |>er  second.     The  difTereiioe  in  thin  oaae  was  eiiual  tu  007  nx. 


The  resulti*  obtained  by  various  authors  indicate  that  the  velocity 
varies  somewhere  between  6  anti  9  meters  i>er  second  for  adults. 
The  figures  published  by  later  observers  show  also  that  the  velocity 
is  somewhat  greater  in  the  upper  extremities  (7.5  m.  for  carotid- 
radial  estimation)  than  in  thede^scendinp:  aorta  (6.5  m.  forcarotid- 
femond  estimation).*  The  average  of  thirty  detenninations  made 
in  the  author'^  lab(»rator>'  u|>^>n  riic(Hral  students  shows  that  the 
velocity  in  the  le^  (femoral-anterior  tibial)  is  6.1  m.  when  the 
records  are  made  upon  the  same  leg.  and  7.4  m.  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 
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from  the  other.  Tlie  latter  coiuiition  would  seem  to  be  more  nor- 
mal, since  the  blood-fiow  and  normal  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidity  of  the  arteries 
causes  the  velocity  to  rise;  in  elderly  people,  thereforej  tlie  velocity 
is  distinctly  greater.  In  arterial  sclerosis  with  hyj^ertrophy  of  the 
heart  the  velocity  may  increase  to  as  much  as  11  or  13  m.  Any 
marked  dilatation  of  the  arteries — such  as  occurs,  for  instance, 
in  aneurysms, — retards  the  pulse  wave  markedly;  so  that  the 
existence  of  an  aneur\'8m  may  be  detected  in  some  cases  by  this 
fact.  If  we  know  the  velocity  of  the  wave  and  the  time  that  it  takes 
to  pass  any  given  point  the  length  of  the  wave  is  given  by  the 
formula  l^vt.  In  an  adult  the  duration  of  the  wave  (t)  at  the  radial 
may  be  taken  as  0,5  to  0.7  sec. ;  so  that  if  the  velocity  of  the  wave 
were  imiform  throughout  the  arteries  the  length  of  the  wave  would 
be  from  3.25  to  4.5  m.      We  can  conclude,  therefore,  that  before 
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Fig.  212. — ^The  Thjdiwon  sphygmograpfa  in  posilinn, 


the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reachetl  the 
mast  distant  arteries. 

The  Form  of  the  Pulse  Wave — Sphygmography, — ^The  pulse 
wave  may  be  felt  upon  any  suix^rficial  artery  in  consequence  of  the 
distension  of  the  vessel.  liy  the  tactile  sense  alone  the  exjjerienced 
physician  may  distinguish  sotiie  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  The  details  of  the  form  of  the  wave, 
however,  were  made  evident  only  when  the  variations  in  size  of  the 
arter>*  were  recortled  graphically  by  placing  a  lever  upon  it.  Any 
instrument  suitable  for  this  purp^^se  is  desigimted  as  a  sphygmo- 
graph,  and  ver\*  numerous  fonns  have  been  devised.  The  move- 
ment of  the  arter>'  is  very  small  and  to  obtain  a  distinct  record  it  is 
necessary  to  magnify  this  movement  greatly  by  a  property  con- 
structed lever. 

The  form  of  lever  that  is  perhaps  most  frequently  employed  is  shown  in  the 
aeoompanying  6g:urea.     The  instrument  la  strapped  upon  the  arm  so  that  the 
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differeut  distrinces  from  the  heart  and  the  pulse  wave  an  it  passes  by 
a  pven  point  in  each  artery  may  l>e  recorded  by  some  convenient 
apparatus,  such  as  can  be  devised  in  any  laboratory.  If  the  waves 
are  rei'orded  on  a  rapidly  revolving  kyniographion  whose  rate  of 
movement  can  l>e  iletermineti,  then  the  difference  in  time  in  the 
arrival  of  the  pulse  wave  at  the  two  jxjints  is  easily  ascerUiined. 
Tliiit  tlicre  is  a  jierceptihle  riifference  in  time  one  can  easily  demon- 
strate to  liimself  by  feeling  simidtaneoualy  the  pulse  of  the  radial 
and  the  carotid  arteries.  If  this  difference  in  time  is  determined 
for  two  arteries — for  instance,  the  femoral  an<l  the  til>iaHs  anterior 
— and  the  distance  between  the  two  points  is  reconied,  we  have 
evidently  the  necessary  tlata  for  obtaining  the  velocity  of  the 
pulse  wave  in  the  arteries  of  that  region.  A  record  of  this  kind 
Ls  sliown  in  Fig.  211. 


FiK.  SII.^To  iUuntrale  the  method  of  det«miijitnE  the  velocity  of  the  pulae  i^ave 
in  riian.  Shown  recorrJ  at  the  nul;«  &t  two  pt^uite  on  the  lei;  at  a  known  dutaiicc  iir>rt. 
11m  <ii(Tereao«  in  tiinc  in  fdven  by  lUo  vertictus  druppod  (ruin  tlie  betcintiiuK  of  thue  wbvm 
tij  the  time  curve-  Thin  Imi  is  mwie  hy  the  vibrntinn*  rjf  n  tunitiiR  fork  givinK  50  vibr«- 
tiooa  per  »ecoud.     The  difToreuce  in  this  cane  was  niuiml  to  007  see. 


The  rtisults  obtaineil  by  various  authors  indicate  that  the  velocity 
varies  somewhere  l>ctwccn  6  and  0  meters  i>er  second  for  adults. 
The  figures  published  by  lator  observers  show  alsi*  that  the  velocity 
is  somewhat  greater  in  the  upper  extremities  (7.5  m.  for  carotid- 
radial  estimation)  timn  in  the  descending  aorta  (6.5  m.  for  carotid- 
femoral  estimation).*  The  average  of  thirty  detenninations  made 
in  the  author's  laboratory  upon  me<lical  students  shows  that  the 
velocity  in  the  leg  (femoral-anterior  tibial)  is  6.1  m.  when  the 
reoortls  are  matle  up<:)n  the  same  leg.  an<l  7.4  m.  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 

•  Edgren.  "Skandinaviachcs  Archiv  f.  Physiol,"  1.  96,  1889. 
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from  the  other.  The  latter  contUtiori  \v'ould  seem  to  be  more  nor- 
mal, since  the  blood- flow  and  nomm!  tension  of  the  walls  are 
probably  less  disturbed.  An  increase  in  rigidity  of  the  arteries 
causes  the  velocit>*  to  rise;  in  elderiy  j>eople,  therefore,  the  velocity 
is  distinctly  greater.  In  arterial  sclerosis  with  h>'pertrophy  of  the 
heart  the  velocity  may  increase  to  as  much  as  11  or  13  m.  Any 
marked  dilatation  of  the  arteries^such  as  occursj  for  instance, 
in  aneurysms, — retards  the  pulse  wave  markedly;  so  that  the 
existence  of  an  aneur^'sm  may  be  detected  in  some  cases  by  this 
fact.  If  we  know  tlie  velocity  of  the  wave  and  the  time  that  it  takes 
to  puss  any  given  point  the  length  of  the  wave  is  given  by  the 
formula  1=  ri.  In  an  adult  the  duration  of  the  wave  it)  at  the  radial 
may  l:)e  taken  as  0.5  to  0.7  sec.;  so  that  if  the  velocity-  of  the  wave 
were  uniform  throughout  the  arteries  the  length  of  the  wave  would 
be  from  3.25  to  4.5  in.      We  can  conclude,  therefore,  that  before 


Fi*.  213. — The  DudiEcon  nphyKmograph  in  positian. 


the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  the 
most  distant  art<*ries. 

The  Form  of  the  Pulse  Wave — Sphygmography. — ^Thepuise 
wave  may  Ijc  felt  uj>on  any  superficial  arter>*  in  consequence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  exi>erienced 
physician  may  distinguish  some  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  The  details  of  the  form  of  the  wave, 
however,  were  made  evident  only  when  the  variations  in  size  of  the 
arter)'  were  recorded  graphically  by  placing  a  lever  upon  it.  Any 
instrument  suitable  for  this  purpose  is  designated  as  a  sphygniO' 
graph,  and  ver>^  numerous  forms  have  been  devised.  The  move- 
ment of  the  artery  is  ver>*  small  and  to  obtain  a  distinct  record  it  is 
necessary  to  magnify  this  movement  greatly  by  a  properly  con- 
atnicted  lever. 

The  form  of  lever  that  is  perhaps  most  frequently  employed  is  shown  in  the 
aoQompanying  figures.     The  instrvimcnt  is  strapped  upon  tne  arm  ao  that  the 
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button  of  thp  metallic  spring  rosti<  ovrr  tin*  radial  artery.  The  movpmrnts 
of  \ho  artery  are  transmit  toil  to  this  .npriiijc  and  tliis  latter  in  turn  ucis  upon 
the  bent  lover,  and  the  iiuiKnifieii  movenierit,  i.s  reoonlKl  by  the  writing  point, 

upon  a  strip  of  blackened  pai>er  which  is  moved 
under  the  f>oint  l>y  clockwork  coniaiaed  in  liie 
case.  To  obtain  a  salisfiiclory  rvii>rd  *»r  aphytf-M 
mogram,  two  details  are  of  special  importance: 
I'irsL,  the  button  of  the  lever  nuist  be 
upun  the  arlerj'  with  the  pruper  force.  The 
retically  \h\&  pressure  sshould  lie  about  equal  to 
the  ditustolic  pressure  within  the  artery.  All 
sphygmopraphw  are  provided  with  iiieujis  to 
reguUle  the  pressure,  and  practically  one  must 
learn  so  to  place  the  button  and  to  arrange  the 
preaeurc  aa  lo  obtain  the  largest  tracing.  A 
second  detail  of  importance  is  that  the  weijtht 
of  the  lever  when  t?et  suddenly  into  motion 
causes  a  movement,  due  to  the  inertia  of  the 
mass,  which  may  alter  the  true  fonn  of  the  wave. 
To  overeonif  this  defect  the   lever  should  l>e  aa 


Fig.  213.— The  lever  uf 
the  Du(Ir«>ti  ^phyKTno^niph: 
/*,  The  tiutlon  of  thcfpririg  F, 
to  be  placed  uemhi  the  artery. 
The  niovcnicnt  is  1ruru<mitted 
to  tbe  lever,  J*'],  und  thenoe  to 
the  b«it  tover,  fa,  wfaoM 
inovcnient  is  effected  throusb 
the  weight,  g.  The  writing 
point  S,  of  th'v  lever  irftkee 
the  record  on  the  smoked  nu^ 
laoe.  A. 


li^hL  Jl^  ixftwible,  or  tlie  spring  upon  which  the 
pia 


artery'  plays  should  have  considerable  resis- 
tance. In  those  sphygmographa  in  which  the 
inertia  factor  is  practicallv  eliminated  the  diffi- 
culty of  obtaining  a  Iracinji.  esiM'cially  from  a 
weak  pulse,  is  corre»i>indi ngly  increased,  and  in 
the  spnygiijographs  most  commonly  employed, 
8uch  as  the  Dtidfieoti.  facility  in  application  is 
obtained   at  the  expense  of  incomplefe  cttrrt'etion  of  the  error  of  inertia. 


The  pulse  wave  obtained  from  the  radial  artery  is  represented 
in  Fip;.  214.  It  will  he  seen  from  this  figure  that  tlie  artery  dilates? 
rapidly  ami  tlien  falls  more  slowly^  Intt  it  must  l»o  linrne  in  niind 
that  the  very  pointed  apex  of  the  wave  recortietl  by  this  form  of 
sphygmopraph  is  due  to  the  instrumental  ernjr  refen-ecl  to  above, 
namely,  the  "llin<i;'*  of  the  lever  caused   by  the  smidon  expansion 


■j\r\f^- 


Fig.  214.— Bphygrnogrmm  from  tho  radial  Hrtery,  Dudicoon  Aphygmogr&ph :  /),  The  diorotie 
wave:  P,  the  predicrotic  wave. 


of  the  artciy.  The  ascenthng  portion  of  the  wave  i.s  spoken  of  us 
thfi_flflfl6TQ/i'c  limTj.  itie  acscpndHK^,  ns  ttir  mfgcrodc  linil).  rnder 
usual  conditions  the  aniicrotic  limb  is  snuMtth. — that  is,  shows  no 
secondary  waves, — Avbile  th^  f.nT;iproti<'  limb  shows  one  or  more 
secondary  waves,  which  are  spoken  of  in  ^eneraTas  thp  i^ninrrnfij* 
wares*    The  most  constant  of  these  latter  waves  occurs  usually 
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approximately  at  the  middle  of  the  descent  (D)  and  is  designated 
a3  the  dicrotic  wave.  A  less  coaspicuous  wave  between  it  and  the 
apex  of  the  pulse  wave  is  known  usually  a,s  the  predicrotic  wave,  P, 
while  the  wave  or  waves  following  the  dicrotic  are  de^signated  as 
pasidicrotic.  These  catacrotic  waves  are  too  small,  under  normal 
conditions,  to  be  felt  by  the  finger.  Under  certain  abnormal 
conditions,  however,  which  cause  a  low  blood -pressure  without 
marked  diminution  in  the  heart  I^eat.  tlie  dicrotic  wave  in  empha- 
sized and  may  l^e  detected  by  the  finji^er.  A  pulse  of  i\ns  kind  Ls 
known  as  a  dicrotic  pulse.  In  each  pulse  wavf*  wp  mny  distinf^uish 
a  s\'8tolic  and  a  diastolic  phase;  the  former,  making  tiue  allowance 
for  transmission,  corresponds  wuth  the  time  during  which  the  aortic 
valves  are  open,  and  blood  is  streaming  from  the  heart  to  the  aorta, 
the  latter  represents  the  period  during  which  the  aortic  valves 
are  closed  and  the  arteries  are  shut  off  from  the  heart.  In  Fig.  214 
the  systolic  phase  extends  from  s  to  d,  the  diastolic  from  d  to  s\ 

Explanation  of  the  Catacrotic  Waves.— It  has  l)een  found 
difficult  to  give  an  entirely  satisfactoiy  explanation  of  the  catacrotic 
waves  or,  to  speak  more  accurately,  it  is  difficult  to  decide  between 
the  different  explanations  tluit  have  lK?en  proposed.  Concerning 
the  (licrotic  wave,  it  may  be  said  that  tracings  from  different  ar- 
teries show  that,  like  the  main  pulse  wave,  it  has  a  centrifugal 
course, — that  is,  it  starts  in  the  aorta  and  runs  peripherally  with  the 
same  velocity  as  the  main  wave  upon  which  it  is  superposed.  More- 
over, simultaneous  tracings  of  the  pressure  changes  in  the  heart  and 
in  the  aorta  show  that  the  closure  of  the  semilunar  valves  Ls  synchro- 
nous with  the  small  depi'ession  or  negative  wave  (<i,  Fi^.  214)  which 
immediately  precedes  the  dicrotic  wave.  The  general  belief,  thei*e- 
fore.  is  that  the  dicrotic  wave  results  from  the  closure  of  the  semt=~" 
lunar  valves.  When  the  dLstenaea  aorca  l^{!ilia  li)  niiHiurt  by 
virtue  of  the  elasticity  of  its  walls,  it  drives  the  column  of  blood  in 
both  tlire^^ttons.  Owing  to  the  position  of  the  semilunar  valves 
the  flow  to  the  ventricle  is  prevented;  l)ut  the  interposition  of  this 
sudden  block  causes  a  reflected  wave  which  passes  centrifugally 
over  the  arterial  system.  The  dicrotic  wave  is  precederl  by  a 
small  negative  wave  or  notch  in  the  curve  which  marks  the  time 
of  closure  or  just  follows  the  closure  of  the  scnnilunar  valves.  The 
sequence  of  events  as  pictured  by  Mackenzie*  is  as  follows:  "As 
soon  as  the  aortic  pressure  rises  above  the  ventricular  the  valves 
close.  At  the  moment  this  happens  the  valves  are  supported  by 
the  hard,  contracted  ventricular  walls.  The  withdrawal  of  the 
support  by  the  sudden  relaxation  of  these  walls  w-ill  tend  to  produce 
a  negative  pressure  wave  in  the  arterial  s\*stem.     But  this  negative 

*  Mackenzie,  '*The  Study  of  the  Pulse  and  the  Movements  of  the  Heart." 
1902. 
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wave  is  stopped  by  the  sudden  Htretching  of  the  aortic  valves, 
whif  h,  on.  losing  their  firm  support,  have  now  themselves  to  hear 
the  resistance  of  the  arterial  pressure.  This  sudden  t'hecking  of 
the  nefrative  wave  starts  a  second  po.sitive  wave,  which  is  prop- 
agated tlirough  the  arterial  system  as  the  dicrotic  wave."  The 
smaller  waves,  such  as  the  predicrotic,  have  been  exi)Iained 
situply  as  reflected  waves,  or  as  instrumental  errors,  due  to  fling 
of  the  lever.  According  to  some  authors,*  an  important — 
perhaps  the  chief — factor  in  the  |>roductiou  of  the  secondary 
waves  is  the  reflection  that  occurs  from  the  peripliery.  Where 
each  arterial  stem  breaks  up  into  its  smaller  veasels  the  main 
pulse  wave  suffers  a  reflection,  a  wave  running  backward  toward 
the  heart.  It  is  |jrobal>le  tliat  such  reflected  waves  from  different 
areas — for  instance,  from  the  coronary  system,  the  subclavian 
systerOj  the  mesenteric  system,  etc. — meet  in  the  aorta  and 
may  in  part  summate  to  hirger  waves,  which  again  pass  peripher- 
ally. The  catacrotic  waves,  according  to  this  view,  probably 
differ  in  character  in  the  difl'erent  arteries,  and  tracings  indicate 
that  this  is  the  case.  The  radial  pulse  differs,  for  instance,  from 
the  carotid  pulse  in  the  character  of  its  waves.     Between  these 


Fig.  215. — ^Aiiacrotio  puLie  from  n  c&ic  of  aortic  stenosw  (Mackeniit):  b.  T\i«  ftnacmtiti 

w»ve. 


opposite  views  it  is  not  possible  to  decide,  but  it  is  perhaps 
permissible  to  believe  that  wldle  the  dicr(^tic  wave  is  due  iiri- 
niarily  to  the  impulse  folh^wiiig  upon  the  closure  of  the  semilunar 
valves,  nevertheless  the  actual  form  of  this  and  the  other  second- 
ary waves  is  variously  modified  in  different  parts  of  the  system 
by  tlie  reflected  waves  from  different  peripheral  regions.f 

Anacrotic  Wares. — As  was  said  above,  the  anacrotic  limb 
under  normal  conditions  shows  no  secfindary  waves.  Under 
patholfjgical  conditions,  however,  a  sectmdary  wave  more  or  less 
clearly  markeii  may  appear,  as  is  shown,  for  instance,  in  the 
tracing  given  in  Fig.  215.  Such  waves  are  recorded  in  cases  of 
stiff  arteries  or  stenosis  of  the  semilunar  valves.  In  the  normal 
individual  an  anacrotic  pulse  in  the  ra<lial  may  he  obtained, 
according  to  von  Kries.J  by  raising  the  arm.  He  believes  that 
in  this  position  the  reflection  of  tlie  pulse  wave  from  the  periph- 

♦  See  von  Froy,  lac.  at. 

t  For  A  gencnU  discusBion,  see  Tigerstedt,  "Ergebnisse  d.  Phyaiologie," 
vol.  viii.,  1909. 

J  Von  Kriee,  "Studien  zur  Publehr^,"  1892. 
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ery  is  favored,  and  tluit  the  aiiacrotir  wave  is  simply  a  quirkly 
reflected  wave.  An  opposite  interpretation,  however,  is  given 
by  von  Recklinghausen,  who  states  that  conditions  whirh  lead 
to  a  diminution  in  vaHrular  tone  and  a,  dilation  tif  the  arteries 
produce  '*weak  reflection'*  and  an  anacrotic  pulse.  Constric- 
tion of  the  small  arteries  in  any  system  favors  quick  reflection 
in  the  artery  supplying  the  system  and  produces  a  pulse  with  a 
sharp-pointed  apex. 

Characteristics  of  the  Pulse  in  Health  and  in  Disease. — 
By  mere  palpation  the  physician  obtains  from  the  pulse  valuable 
indications  concerning  the  heart  and  the  circulation.  The  fre- 
quency of  the  heart  heat  is  at  once  niafle  evident,  so  far  at  least  as 
the  ventricle  is  concerned.  t)ne  may  determine  readily  whether 
the  freriuency  is  above  or  l>eIow  the  nomial,  whether  the  rhythm 
is  regular  or  irregular.     By  the  same   means  one  can  determine 


Fit  2lft. — Sphyicraoicnimi  iUuittrnting  the  effecl  of  variations  in  blood-pmnure,  partiiv 
uUrly  upon  the  positmn  of  the  dicrotic  wave  und  niilrh  :  n.  Tho  dirrotic  notch'  rf,  Ihe 
dicrotic  wave.  A,  SphvenioKrara  while  hlood-prfiwure  w»a  relatively  low.  B,  Sphygfno- 
Knun    wiUi  hi|^er  blood-prvmure.      {.l|ncAv*nn>.) 

whether  the  pulse  is  large  (pulsus  magnus)  or  small  (pulsus  par>-us), 
whether  the  wave  rises  and  falls  rapidly  (pulsus  celer)  as  happens 
in  the  case  of  insuflficiency  of  the  aortic  valves,  or  whether  in  one 
phase  or  the  other  it  is  more  prolonged  than  normal  (pulsus  tardus). 
It  seenvR  obvious,  however,  that  a  more  satisfactor>'  conclusion  may 
be  reached  in  all  such  cases  by  obtaining  a  sphygmographic  record. 
In  the  works  devoted  to  clinical  methods  numerous  such  sphygmo- 
grams  are  described.  By  mere  pressure  upon  the  arter>'  one  can 
determine  also  approximately  whether  the  blood-pressure  is  high 
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or  low  by  estimating  the  force  with  which  the  wave  presses  upon 
the  fingers,  or  the  pressure  necessary  to  occlude  the  arter)'.  A 
similar  inference  may  be  drawn  from  the  character  of  the  sphyg- 
mognun,  and  especially  from  the  relative  size  and  pasition  of  the 
dicrotic  wave.  When  this  latter  wave  falls  at  or  near  the  base  line 
of  the  curve  it  indicates  a  low  urterial  pressure,  since  under  these 
circumstances  the  artery  collapses  readily  after  its  first  systolic 
expansion  {see  Fig.  216).  Since  the  introduction  of  the  sphyg- 
momanometer (p.  501)^  however,  it  seems  evident  that  this  instru- 
ment must  be  appealed  to  whenever  the  deterniination  of  i>lood- 
pressure  is  a  matter  of  importance. 

Venous  Pulse. — Under  usual  conditions  the  pulse  wave  is  lost 
before  entering  the  capillar}^  regions,  but  as  a  result  of  dilatation  in 
the  arteries  of  an  organ  the  pulse  may  carr\'  through  and  appear  in 
the  veins,  in  which  it  may  be  shown,  for  instance,  by  the  rhythmical 
flow  of  blood  from  an  opened  vein.  The  term  venous  pulse,  how- 
ever, as  generally  used  applies  to  an  entirely  different  phenomenon, 
— namely,  to  a  pulse  observed  especially  in  the  large  veins  (jugular) 
near  the  heart.  The  pulse  in  this  case  is  not  due  to  a  pressure  wave 
transmitted  through  the  capillaries,  but  to  pressure  changes  of 
both  ft  positive  and  negative  character  occurring  in  the  heart  and 
transmitted  backward  into  the  veins.  The  venous  pulse  that  has 
this  origin  may  usually  l?e  seen  and  recortled  in  the  external  (or 
internal)  jugular.  Under  pathological  contlitions,  especially  when 
the  flow  through  the  right  heart  is  more  or  less  impeded,  it  may 
be  plainly  apparent  at  a  further  distance  from  the  heart  and  may 
cause  a  noticeable  pulsation  of  the  liver,  which  is  designated  as  a 
liver  pulse.  The  venous  pulse  curve  has  been  much  studied  in 
recent  year's.*  It  is  somewhat  compUcated  and  an  explanation 
of  some  of  its  details  has  not  been  agreed  upon,  bvit  there  can  1)6  no 
doubt  that  when  proi>erly  interpreted  it  will  throw  much  hght  upon 
the  pressure  changes  in  the  heart,  and  will  afford  a  valuable  means 
of  diagnosis  in  cuvses  of  valvular  lesions  and  other  pathological 
conditions  of  the  heart.  It  is  evident  also  that  the  venous  pulse 
gives  a  ready  means  of  determining  the  rate  of  beat  of  the  auricles, 
just  as  the  arterial  pulse  enables  us  to  count  the  beats  of  the  ven- 
tricles, and  in  this  way  records  of  the  venous  pulse  are  injpi^rtant 
in  the  interpretation  of  irregularities  in  the  beat  of  the  heart 
(arrhythmia). 

As  usually  recorded  the  venous  pulse  shows  three  positive 
waves,  designated  commonly  as  the  a,  c,  and  r  waves,  and  three 
negative  waves.    Of  the  three  positive  waves,  the  a  wave  marks, 

•See  Mackenzie,  **  The  Study  of  the  Pulse."  1902;  also  Lewis,  in  Hiir« 
**  Further  Advanced  in  Physiology,"  New  York,  ltK)9. 
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undoubtedly,  the  conlrat?tion  of  the  auricle,  but  in  order  to 
locate  this  wave  or,  indeed,  to  interpret  at  nil  the  complicated 
venous  i)ul3e,  It  is  necejssary  to  have  a  simultaneous  tracing  of 
the  arterial  pulse,  i)referaUly  the  carotid,  or  of  the  apex  beat  of 
the  heart.  Either  of  these  latter  tracing?:  enables  one  to  mark 
upon  the  venous  pulse  the  point  at  which  the  ventricular  systole 
begins,  and  tlie  wave  imoiediately  preceding  this  point  must 
be  due  to  the  auricular  contraction,  the  a  wave  (Figs.  217  and 
218).  Following  the  rise  of  the  a  wave  there  is  a  fall,  tiie  first 
negative  wave,  which  is  due  to  the  auricular  relaxation.  The 
interpretation  of  the  other  two  positive  and  negative  waves 
has  been  the  subject  of  much  discussion.  Mackenzie,  one  of 
wliose   tracings    is   rcproducetl    in    Fig.  217),  believed    that    the 


Fig.  217. — Simultaneoua  tmcine*  of  thp  carotid  and  venouB  puImw.  In  the  venous 
tntdn^  (Internal  jucuJar)  a  indicatM  the  auricular  ware  due  to  the  contraction  of  th«  auri- 
cle; r  u  the  carotid  wavr  due  \  Mackcmu)  to  an  impulfe  fmin  the  neJKliboring  carotid 
artery;  v  u  the  ventricular  wave  due  to  the  chrckinx  or  ^tagiiation  of  the  flow  into  the 
auricle  as  UiU  chamber  filU  during  the  period  of  closure  of  the  aurin-loventricular  valves; 
2,  dilatation  due  to  auricular  relaxation;  y,  the  i>eriod  of  ventricular  diastole.     {Mackfnzie.} 


c  wave  is  due  simply  to  the  pulse  in  the  neighboring  carotid 
artery,  and  that,  therefore,  it  has  no  significance  in  regard  to 
changes  within  the  heart  itself.  Careful  records  made  by  other 
observers  show,  however,  that  this  explanation  is  insufficient. 
The  c  wave  begins  in  tlie  jugular  before  the  arterial  pulse  wave 
reaches  the  carolitl,  hence  this  wave  cannot  be  <lue  wholly  to 
the  carotid  pulse.  As  is  shown  in  the  tracing  given  in  Fig.  218, 
the  c  wave  l>egins,  in  fact,  at  the  very  moment  of  ventricular 
systole.  The  explanation  of  it  which  meets  with  most  accept- 
ance is  that  it  is  Aug  to  a  sharp  protrusion  of  the  nuriculo- 
ventricuhir  valves  into  t!ie  cavity  nf  the  auricle.  Al  the  begin- 
ning of  the  ventricular  systole  tfiese  latter  valves  ai'c  in  position 
for  closure,  while  the  semilunar  valves  at  the  opening  to  the 
pulmonary  artery  are  tightly  closed.  For  a  short  period  the  ven- 
tricular muscle  contracts  upon  a  clnsefl  cavity,  and  the  pressure 
upon  the  contents  rises  rapidly.  It  is  at  the  beginning  of  tliis 
brief  period  that  the  auriculoventricular  valves  are  protruded 
34 
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somewhat  into  ifie  auricle  and  thus  rause  a  positive  wave  in  the 
venous  bloud  which  is  prupagated  back  into  the  large  veins. 
Immediately  upon  the  opening  of  the  semilunar  valves  blood 
streams  out  of  the  ventrirle  into  the  pulmonary  artery,  and  the 
ventricle  diminishes  rapidly  in  size — especially  in  the  diameter 
from  base  to  apex.  Tlii.s  sutldeu  descent  of  the  base  of  the 
ventricle  pulls  downward  the  floor  of  the  auricle  and  causes  a 
sud<len  enlargement  of  the  auricular  cavity^  which  in  turn 
produces   a   temporary    negative   pressure   in   the   auricle   and 


Fig.  218.— SimiUtaneous  tmdnK9  of  th«  inii;ulor  puL-^,  the  camtid  piilH>  and  the 
apex  beat,  {/iachmann.)  At  tlie  bottom  of  tne  t raring  tlie  tiinr  is  pven  in  nftieltif*  of 
a  second.  Tho  vertical  lin»rs  li,  1,2,  3,  rtt.,  nw»rk  synchmiious  p<iiiit*  ou  tlir  cur\r^. 
A.  The  Buriculnr  wave:  jt.  tho  w-callwf  r  wbvp  ranged  by  tbr  fystole  of  tlip  ventricle;  r,  the 
fltagnation  wave  caa^cd  by  the  hllina  of  the  auricle.  It  will  be  noticed  that  the  r  wave 
(marked  «  in  the  tracinic'  occurs  &t  the  beginning  uf  the  vpiitncular  5>>tn|p  a«  marked  on 
the  apex  beat,  un<l  shortly  before  the  pul^c  iii  the  rar<iti<I  arterj.  Tlie  hnsht  of  the  r  wave 
tn  n'ttchpd  jiD^t  after  the  ornirrencp  of  the  (hrrt)tic  notcli  on  the  CMn>tid  wave,  aitd  com- 
cifW  with  111'*  npeniiiK  f'f  tlic  uuhculoventncular  «'olv«w;  .4/,  tlie  netentive  wav<*  caiii-e*!  by 
the  effect  of  Hip  ventricular  ^y-tole;  17.  the  ncRBfive  wave  following  tiie  opening  of  (he 
AOhculoventhouhir  valves. 
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attached  veins.  The  second  negative  wave  is,  therefore,  due  to 
a  fon*i]>le  dilation  of  tlie  auricle  caused  by  the  systole  of  the 
ventricle.  This  ne^Ji-tive  wave  is  converted  into  a  positive  wave 
by  the  steady  inflow  of  venous  blood,  which  continues  to  i>our 
into  the  auricle  during  the  whole  peril «1  of  the  systole  of  tlie 
ventricle  an<l  of  the  cUisure  of  the  auriculoventricular  valves. 
In  this  way  the  wave  v  is  produced.  It  is  frc'iiiently  of  irrepdar 
or  toothed  form  and  rises  somewhat  gratluaUy  to  its  maxiiimm. 
The  end  or  maximum  of  the  wave  falls  in  with  the  beginning 
of  the    muscular   relaxation  of  the  ventricle,  and  the  return. 


^Ic.  31ft. — Sctienui  of  the  variationit  of  prcMUre  in  the  veotricle.  auricle.  Aorta,  and 
J>y»v<oa  OkYm  duhtiK  a  cardiac  cydt*  in  thit  dojc  :  a,  b.  Systole  of  <he  auricle:  b,  c,  d,  r. 
2?2*  rf  tl*  ventricle :  b'.  opening  of  tl»«  semilunar  valves ;  e,  closure  of  the  semilunar 
"tI*!  K^.eioeure  of  thr  auncuUn-entrirular  vaIve-« ;  f.  opening  of  the  auriculovrntrirular 
***^  On  Lhe  curve  for  the  auricle  and  vein  tlic  wave  fn)n)  a  to  6  repn^entfi  the  auricular 
^*l>ctioS(  th«  a  wave;  Uiat  beKinnins  at  b  i^  t)io  wave  due  to  ventricular  ftyfttole.  the 
'J*']]*,  lod  th«  riae  of  preasure  extendtnie  from  d  to  e  and  ending  with  the  openinjE  of  the 
Tj^Vovntricuter  vahrea  ootwtitutee  the  r  wave.  The  time  rriationa  are  Kiven  aionff  the 
■?p'*iD  tenths  of  a  second,  the  prewuro  relationa  in  mms.  of  mercury  for  the  ventricle 
"*^iaTta  are  iDven  aJong  the  orcfinatee  to  the  left.     (After  Frcdtriaj.) 

^  the  diagram  given  by  Fredericq,  which  is  reproducetl  in  Fig. 
^^'^.  Following  this  author,*  the  series  nf  positive  and  negative 
^*veB  which  may  usually  lie  shown  in  the  auricles  and  great 
^^ins  during  a  single  heart  l)eat  may  be  enumerated  as  follows: 

I         1,  The  auricular  wave  (a  wave),  auricular  systole. 

I        2.  The  first  negative  wave,  auricular  diastole. 

^_    3.  First    systolic    wave    (positive),  c   wave.     Beginning    of 

^^iDtricular  systole.     Due  to  sudden  closure  and  protrusion  of 

I  tie  auriculoventricular  valves. 

•  Fredericq,  "  Centralblatt  f.  Phymol.,"  22.  No.  10.  1908. 


532  CIRCUIiATION   OP  BLOOD   AND   LTHFH 

4.  Second  negative  wave.    At  the  time  of  opening  of  the  semi, 
lunar  valves.    Due  to  descent  of  the  base  of  the  ventricle,  c&using  1 
dilatation  of  auricle. 

5.  Second  systolic  wave  (positive),  v  wave.  Latter  part  of 
systole.  Due  to  gradual  filling  of  auricle  and  at  the  end  to  the 
return  of  the  base  of  the  ventricle  to  its  diastolic  position. 

6.  Postsystolic  (third)  negative  wave  begins  at  moment  d 
opening  of  the  a-v  valves.  Due  to  ^mptyuig  of  auricular  blood 
into  ventricle. 

Other  waves  have  been  described,  especially  one  in  the  dias- 
tolic phase  of  the  ventricular  beat,  which  is  known  as  the  h  w&n 
(Hirschf elder)  or  b  wave  (Gibson).  This  wave  occurs  betweea 
the  V  and  the  a  wave  and  is  seen  most  frequently  and  distinctly  in 
the  case  of  hearts  with  a  slow  rate  of  beat.  The  usual  explaiutioB 
of  this  wave  is  that  it  is  due  to  the  very  sudden  distention  <rf  the 
ventricles  by  the  inflowing  blood.  The  rise  in  intraventricular 
pressure  thus  produced  brings  the  auriculoventricular  valves 
suddenly  into  a  position  of  closure  and  causes  a  momentary  poo- 
tive  wave  in  the  auricles  and  great  veins.  For  the  variaticms  in 
the  form  of  the  venous  pulse  under  pathological  omditiaiis  of  the 
heart,  reference  must  be  made  to  clinical  literature.* 

*See  Hewlett,  "Journal  of  Medical  Research,"  17,  11107:  "JoanaL  p( 
the  Amer.  Med.  Assoc./'  51,  1908,  and  Hirschfelder,  "DlMMM  of  tJhe 
Heart  and  Aorta,"  Philadelphia.  1910 


CHAPTER  XX\in. 

THE  HEART  BEAT. 

General  Statement* — We  divide  the  heart  into  four  chambers, 
— the  two  auricles  and  the  tvo  ventricles.  What  ^-c  designate  aa  a 
heart  beat  begins  with  the  simultaneous  contraction  of  the  two 
auricles,  immediately  followed  by  the  simultiineous  contraction  of 
the  two  ventricl&s;  then  there  is  a  pause,  during  which  the  whole 
heart  is  at  rest  and  is  filling  with  blonci.  As  a  matter  of  fact,  the 
heart-beat  is  initiated  not  by  the  auricles  proper,  but  by  an  area 
of  specialized  tissue  in  the  right  auricU*  lying  between  thf  open- 
ings of  the  two  cav«.  This  portion  of  the  auricular  wall  corre- 
sponds physiologically  to  a  definite  chamber,  the  venous  sinus, 


Fig.  220. — To  shtfw  ihe  lime  relutiiKis  fit  'he  uiinriilar  -)'.i<>le  und  iliu.xtule,  and  vacw 
tric\ilar  (systole  and  diastole  (Mareu'i:  Ot.D.  Tracing  from  rijtht  nunele;  V>rU.  Z>,  tracing 
from  right  ventricle;  Vtnt.  Q,  traeiiiK  from  left  ventncle.  Obtaioed  from  tbe  heart  uf  the 
bone  by  means  oi  tubes  communicating  with  the  cavities. 

in  the  heart  of  the  lower  vertebrates  {see  Fig.  224).  The  contrac- 
tion of  any  part  of  the  heart  is  designate<J  as  its  f^i/Mole,  its  relaxa- 
tion and  period  of  r&^  as  its  diastole.  In  the  heart-beat  we  have, 
therefore,  the  auricular  systole^  the  ventricular  systole,  and  the 
heart  pause,  during  which  both  chambers  arc  in  diastole.  The 
general  relations  of  systole,  diastole,  an<l  pause  are  represented 
graphically  in  the  accompanying  figure  (Fig.  220).  It  will  be 
noted  that  tbe  auricular  systole  is  shorter  and  its  diastole  longer 
than^  the  similar  cunditions  in  the  ventricles. 

The  Musculature  of  the  Auricles~and  Veatricles. — Embr>'o- 

&88 
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logically  the  four-chambered  heart  is  developed  from  a  simple 
tube,  and  this  origin  is  iiidicatetl  in  the  adult  by  the  fact  that  the 
musculature  of  the  two  auricles  is  in  large  part  common  to  both 
chambers, — that  is,  surrounds  them  as  though  they  were  a  single 
chamber, — -and  the  same  is  true  of  the  ventricles.  In  the  auricles 
there  is  a  superficial  layer  of  fibers  which  runs  transversely  and  en- 
circles both  auricles.  The  simultaneous  contraction  of  the  two 
chambers  would  seem  to  be  insured  by  this  arrangement  alone. 
In  addition,  each  auricle  possesses  a  more  or  less  independent 
system  of  fibers,  whose  course  is  at  right  angles  to  that  of  the 


Flc.  22t. — Scbemm  to  nbow  the  cM>urae  of  the  niperiicml  nad  deep  6bers  of  the  bullx^ 
■plrol  ftod  siaoispiral  Byeitom.i.  The  benrt  in  viewod  from  the  dontal  side.  /'.S,  Juperfictal  bulbo- 
•pirftl  ayktem;  BS*,  de<^p  butboapiral  dyatem;  SS,  superficial  stootipiial  >>'stcni;  i>S',  deep  nno- 
spiral  aystem:  C,  circular  6berp  round  the  conua;  C,  circular  ftborti  rouod  tbe  baM*  of  tbc  aorta 
aod  tbe  left  ontium;  LRV,  lonyitudinat  bundle  of  rixht  ventricle,  from  tnembraDOus  aeptum  to 
rifbt  veatricle;  /f,  iDterveatncular  or  iutorpapillary  layer  (Mall). 


preceding  layer.  These  fibers  may  be  considered  as  loops  arising 
and  entling  in  the  auriculo-ventricular  ring.  The  course  of  the 
fibers  in  the  ventricles  has  been  difficult  to  make  out,  and  several 
more  or  less  different  accounts  have  been  published.  The  fibers 
on  the  surface  of  the  heart  arise  from  the  tendinous  rings  and  mem- 
branes at  the  base  and  take  a  spiral  course  to  the  apex,  where  they 
form  a  vortex  and  pass  into  the  interior  of  the  left  ventricle  to  enter 
the  septum  and  make  connections  with  the  papillarj'  muscles. 
In  this  way  they  return  upon  themselves  toward  the  base  of  the 
heart  and  form  spiral  loops  whose  contractions  serve  to  approxi- 
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mate  base  and  apox  and  at  the  samo  time  to  give  a  rotation  to  the 
apex  from  left  to  riRht.  iMall*  divides  these  superficial  fibers  into 
two  groups.  First,  the  superficial  hidbo-apiral  fibers  [B  S)  ■which 
arise  from  the  conus,  the  left  side  of  the  aorta,  and  the  left  side  of 
the  left  ostium  venosum,  take  a  spiral  course  to  the  apex,  where 
they  form  the  pasterior  horn  of  the  vortex,  and  penetrate  to  the 
interior  of  the  left  ventricle  to  end  in  the  septum  and  along  the 
pasterior  side  of  the  ventricle,  making  connections  also  with  the 
posterior  papillary  muscle.  Some  of  the  ileeper  fillers  of  this 
layer  encircle  thelov/er  part  of  the  ventricle  and  then  pat^s  upward 
to  end  at  the  base  of  the  heart.  The  bulbospinal  fibers  belong 
chiefly  to  the  left  ventricle.      Seeondi  the  superficial  mioapiral 


Fig.  222  — Anterior  nirfare  of  thr  heart,  to  ihow  the  nrranjcrment 


C 


the  right  ventrirle:  .SN,  Sitiin*pin»l  bsnd;  HS.  lititboMiiiral  bund;  B,  C,  fibe 

r  the  vortex:  O,  K,  hbers  of  the  dmoapiroJ  band  u  they  cnt«>r  the  vortcs 


ii]«J  ayatem  as  tbey  enter  t 


ent  of  the  niperfiriKl  flbMS 
;  B.  C.  fibeM  uf  rhe  bulb»> 


fibers  (S  S)^  which  arise  mostly  on  the  posterior  aspect  of  the  heart 
from  the  right  ostium  venosunij  the  sinus  end  of  the  embrj'onic 
heart,  take  a  spiral  course  to  the  apex  over  the  anterior  surface  of 
*;he  right  ventricle,  running  more  transversely  than  the  bull>o- 
piral  group.  At  the  vortex  this  system  forms  the  anterior  horn 
jf  the  vortex  and  penetrates  into  the  interior  of  the  left  ventricle, 
to  end  along  the  anterior  side  and  in  the  papillar>-  muscles,  par- 
ticularly the  anterior  papillary.  Beneath  these  superficial  layers 
lie  corresponding  deep  layers  of  the  bulbospiral  and  sinospiral 
aystems,  which  have  a  more  transverse  or  circular  course.  The 
deep  bulbospiral  fibers  {B  S')  encircle  the  left  ventricle  and  end 

•  Mall,  "The  American  Journal  of  Anatomy,"  2,  211,  1911. 
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by  way  of  the  septum  on  the  dorsal  side  of  the  aorta.  These 
fibers  in  the  dev*'loped  heart  make  a  strong  circular  system  whose 
contraction  tends  to  diminish  the  lumen  of  the  left  ventricle. 
Below  the  superficijil  sinospiral  system  lies  the  deep  sinospiral 
sheet  (S  S'),  which  arises  from  the  posterior  side  of  the  left  ostium 
antl  pa.sses  transversely  ti>  enter  the  interior  of  the  right  ventricle 
and  then  turn  upward  toward  the  b^se.  At  the  ba^e  of  the  heart 
some  of  the  fibers  of  the  bulbospiral  system  pass  circularly  round 
the  base  of  th(^  Jtorta  and  the  left  i»stiiim,  and  in  tlie  rij;;ht  ventricle 
some  of  the  siuos|>iral  system  form  circudar  loops  round  the  eonus 
at  the  base  of  the  pulmonary  artery.    As  will  be  described  below. 


^LV 


FIc,  223. — Poeteriur  view  of  hcArt.  somewhat  to  l«ft.  aft«r  tb»  suporficial  nooapiral  baod 
haa  beeo  removeti  lo  the  poitrrior  lonKiiudiruU  buIcuh:  BS',  deep  bulboaptral  band;  0^,  ■uper- 
fieial  bulbospiral  b&cd,  A,  B,  aod  C  are  fibvrn  belonnioK  to  tbia  vyeXexn  ana  formiuK  tho  posterior 
bom  of  the  vort«x;  SS,  superficial  MDo«piraJ  baad,  O  and  B  arc  &ben»  belun^infi  to  this  ayrtcm 
and  forming  the  anterior  bora  of  the  vorles;  CL  V,  the  circular  band  (buibofipiral  tyalem)  rout>d 
the  left  vcQOua  oatium  (Mall). 

there  is  some  pliysiological  evidence  to  indicate  that  this  latter 
group  of  circular  fillers  around  the  base  of  the  pulmonary  artery 
and  aorta  are  the  last  to  enter  into  contraction  in  the  systole  of  the 
ventricle,  as  might  be  expected  from  their  homolog>'  with  the 
musculature  of  the  bulhus  arteriosus  in  the  hearts  of  the  lower 
vertebrates. 

The  Auriculoventricular  Bundle. — A  matter  of  very  great 
physiolap;ical  interest  in  connection  with  the  invariable  sequence 
of  the  heart-ln^at  has  l>een  the  question  of  the  existence  of  a  direct 
muscular  connection  between  the  auricles  and  ventrick'S.  In 
the  lower  vertebrates  there  is  muscular  continuity  throughout 
the  heart  from  the  venous  end  to  the  arterial  end.  In  hearts  of 
this  type  (see  Fig.  224)  we  may  distinguish  four  dififerent  chaml>ers — 
the  sinus  venoaus,  into  which  the  great  veins  open,  the  auricle 
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(right  and  left)»  the  ventricle  (single) »  an(i  the  bulbus  arteriosus 
or  bulbils  cordis.  The  musculature  of  each  chamber  connects 
with  that  of  the  succeeding  one,  and  the  contraction  wave,  which 
begins  in  the  sinus,  spreads  in  order  to  the  folhiwing  divisions  of 
the  heart.  There  is,  however,  a  pause  or  interruption  in  the  pas- 
sage of  this  wave  at  the  sinivaurir-ular  junction,  at  the  auriculo- 
ventricular  junction,  and  at  the  bulboventricular  junction,  so  that 
the  contraction  of  each  chamber  is  marked  off  as  a  separate  oc- 
currence. In  the  human  heart  and  the  mammalian  heart  in 
general  we  are  accustomed  to  distinguish  oidy  liie  auricles  and 
ventricles,  but  physiological  and  anatomical  studies  combined 
have  shown  that  in  such  hearts  a  remnant  of  the  sinus  venosus  is 


Pig.  224. — A  (^n»ninM>H  t,\T>e  of  verlebrato  heart.  cornbiDtns  festuiv*  found  In  the  «fll, 
docfith  and  froK  (ATfi/A) ;  n,  SinuH  vonosu*>nnd  voidh;  b,  nuriculNr  cannl;  r,  Kurido;  ;/.  vt^ntricle; 
c,  DulbuBrordifl;/,  A*tti.A\  1-1.  Hino-ftuhrulnr  jimrrinn  anrl  venoiin  valvm:  2-2^  canAlo'Buricular 

1  unction:  3-3.  annular  part  of  auricle;  4-4.  invafinated  part  of  auriel«:  5*  bulboTonlricular 
UDOtiOD. 


found  in  the  right  auricle,  particularly  in  the  area  lying  between 
the  oi>enings  of  the  venae  cavse  and  round  the  coronary  sinus.  A 
special  collection  of  this  tissue  which  lies  "  in  the  sulcus  temiinalis 
just  l)elow  the  fork  formed  between  the  junction  of  the  upper  sur- 
face of  the  auricular  appendix  with  the  superior  vena  cava"  has 
been  descrtt)eil  by  Keith  anil  Flack,  an(i  is  designated  as  the  mno- 
auricular  node.  The  beat  of  the  heart  bt^gins  in  this  tissue,  as  in 
the  case  of  the  hearing  of  the  lower  vertebrates,  and  spreads  directly 
to  the  auricular  muscle,  with,  perhaps,  a  pause  at  a  sino-auricular 
junction,  although  this  is  uncertain.  At  the  other  end  the  bulbus 
cordis  is  represented  in  the  human  heart  by  the  conus  arteriosus 
of  the  right  ventricle,  and,  as  we  shall  see,  there  is  some  evidence 
that  this  portion  of  the  ventricle  contracts  somewhat  independ- 
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ently.  The  matter  of  greatest  interest  in  connection  with  the  dif- 
ferent chaml)ers  iuxs  been  the  nature  of  the  miriruloventricular 
junction.  In  the  mimimaliaa  heart  tendinous  tissue  develops  in 
this  region,  and  for  a  long  time  it  was  supposed  that  there  was  no 
muscular  eooiiertion  Ix'tweeri  uuriclen  and  veiitrieles.  In  recent 
years»  however,  it  ha^  l:>een  shown  most  [Satisfactorily  that  there  is  a 
peculiar  band  of  cardiac  muscle  or  motlified  muscle,  known  usual]}'" 
as  the  auricitloveniricukir  bundle,  whicii  connects  auricle  and  ven- 
tricle *  The  bundle  as  a  definite  structure  begins  at  the  ]>ase  of  the 
interauricular  septum,  at  the  posterior  margin,  and  on  the  right 
side  in  a  collection  of  sntall  cells  or  fibers  known  as  the  node,  or  the 


Fie.  225. — To  show  th«  posiUoo  of  the  nuncuto\-poiricuUr  bundle  fn  the  heart  of  the  cmlf: 
2,  The  »uricuii)VfiatririiI»r  bundlo.  As  it  run*  alnnis  iJic  !op  of  the  venlilculmr  aepium.  it  u 
•WD  to  divide  iniJij  two  hra.Dcho«,  one  entorinKtho  heht,  the  other  the  left,  ventricle:  3.  ihf  lH*inn- 
ainjt  lit  the  bundle  in  the  niuricular  septum  knr>wn  a«  the  A-V  node;  4,  the  bruDcb  of  the  buodto 
eDtcrinc  the  rigtii  vi'DtriHo  ia  the  septal  wall;  1,  ceotrftl  curtilage  {jrom  Kr*'h\. 


anriculoveniricidar  node  {A-V  mjrl*\),  it  runs  a.8  a  bundle  alonp  the 
top  of  the  interventricular  septum  (see  Fig.  225),  and  near  the 
union  of  the  posterior  and  median  flaps  of  the  aortic  valve  it 
divides  into  two  main  branches,  one  of  which  enters  the  right 
ventrich%  the  other  the  left,  each  lying  beneath  the  endocardium. 
Passing  down  the  septal  wall,  these  branches  divide,  f  as  repre- 
sented in  Fig.  226,  to  form  a  system  of  strands  that  can  he  traced 

•  See  HetBer,  "  Archiv  f.  Anatoraie,"  1904,  p.  1,  and  "  Anntomicul  Record," 
,'  f.  Phyaiftlope,"  1904.  auppl.  volume,  p.  1; 


2.  149,  19()S;  Braeuniff,  "Archiv 

Tawara,  **Daa  Re izleit unhurt vst em  den  Sttugethiorhenseos 
t  DeWitt,  "Anatoniiml  Reconl,"  3,  475.  1909. 
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over  the  inner  surface  of  the  ventricles,  constituting  what  were 
formerly  designated  as  Purkmje  fibers.  The  aurieuloventricular 
node  in  the  interauriculur  septum  la  connected  with  the  muscula- 
ture of  the  auricles,  and  through  muscle  bundles  in  the  sej>tuni  with 
the  remnant  of  sinus  tissue  (sino-auricular  node)  at  the  mouth  of 
the  superior  vena  cava.  The  main  bundle  and  the  larj^er  branches  , 
of  this  system  are  surrounded  by  fibrous  tissue,  and  it  h  uncertain 
whether  or  not  it  actually  contracts  during  the  beat  of  the  heart.^ 
but  there  is  little  doubt  that  it  constitutes  a  conducting  system  of 
modified  muscular  tissue  through  which  thp  excitation  is  conveyed 


Ftf.  226. — The  nunculovpntriciiiRr  l>uiiilk>  and  itn  tiTiiiiaal  rftmifioftUoai  ID  the  ioteriar 
of  tb&  veolriclmi  (froni  tumlel  rftnHirui-UHl  h.\  Minu  Ue  Witt  ciu  biutifl  of  diaeootiona) .  Tbo  divi- 
■toD  of  the  bundle  iotu  rifflit  aud  left  IjriiDcheii  ik  (ihown,  nnd  the  mmifioitiooH  of  eftcb  of  Uiose 
braoobn  io  the  iDt«nor  o\  iht^  njchi  and  left  vrtDiru;luA.  rtie  braocbinff  NVBtem  in  the  left  ven- 
triclp  is  iacomptete  in  tbu  tiiodeL  as  tbe  ouler  wall  of  this  veotricrip  bad  been  renioved  in  IhA 
diHCKtum. 

from  riKht  auricle  ti>  the  ventricles,  or  perhaps,  more  correctly 
speaking,  from  the  aurieuloventricular  node  to  the  ventricular 
musculature.  The  contraction  wave  of  tlie  auricle  is  not  trans- 
mitted, therefore,  directly  to  the  ventricle,  but  intlirectly  through 
the  conducting  system,  the  A-V  bundle.  Some  iiutluirs*  Ix^lieve, 
in  fact,  that  tlie  excitation  ])rocess  which  originates  in  the  sino- 
auricular  node  spreads  independently  to  the  auricular  nmscie, 
on  the  one  hand,  and  to  the  ventricular  muscle  on  the  other.  The 
path  in  the  latter  case  is  first  to  the  aurieuloventricular  node,  and 
thence  through  the  auriculoventriculnr  bundle  to  the  interior  of 
the  ventricles  (papillary  nniscles).  The  A-V  node  and  the  main 
bundle  in  the  human  heart  are  small  in  size — alx)Ut  18  nmi,  long, 
and  from  1.5  to  2.5  mm.  wide,  and  they  and  their  dependent 
system  of  fibers  or  strands  in  the  interior  of  the  ventricles  con- 
•Eyater  and  Mtipk,  "H^'art."  o.  lit).  11)14 
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stitute,  acrontin^  iu  Krith  anti  Flack,*  a  remnant  *»f  the  orip:inal 
invagination  t>f  muscular  tissue  from  the  auricular  ring  (Fig.  224), 
through  which  auricle  and  ventricle  are  connected  in  the  lower 
vortohnitcs.  In  iuUtition  to  the  auriculoventricular  bundle  Kent 
describes  two  other  connections  between  auri<*les  and  v(^iitricles. 
The  nion'  iaipurtant  of  these  li<'s  on  the  ri^ht  side  of  the  heart,  and 
consists  of  a  niiKss  of  notral  tissue  lying  in  tlie  wall  of  the  right 
auricle  and  possessing  connections  with  the  nmseulature  of  the 
rip:ht  iiiirichMind  the  ri^ht  ventricle.  Wlien  all  partsof  theaiiriculo- 
ventrieular  groove  (inchidin^  tlie  .4-1'  bundle)  are  severed,  ex<*epl 
the  riffht  lateral  wall  at.  the  location  of  this  buniUeof  Kent,t  beats 
originating  in  the  auricle  are  transmitted  to  the  ventricle  in  due 
sequence.  It  seems  probable  that  this  additional  connection 
between  auricle  and  ventricle,  designated  as  the  right  lateral 
connection,  may  play  some  role,  a.s  yet  undetermined,  in  the 
maiiiti'uance  (»f  the  s(*quence  of  the  heart  beat. 

The  Contraction  Wave  in  the  Heart. —  It  seems  to  Ix*  demon- 
strated that  normally  th<'  rtnitraclion  of  the  heart  l>egins  in  the 
sintis  tissue  of  the  ri^ht  auricle — the  so-called  sino^unculai*  TTTRTe 
described  in  the  preceding  parTigraph,  or  in  the  neip;hboring  sinus 
tissue.  The  tissue  of  the  sino-auricular  node  is  designated  some- 
times as  the  pace-maker  of  the  heart,  on  the  assumption  that 
its  rliylhm  sets  the  pace  for  the  rate  of  beat  of  the  whole  heart. 
Kxperiments  made  to  demonstrate  this  point  by  excising  or  de- 
stro>ing  the  portion  of  the  sinus  region  eontiiining  the  node  have 
given  conflicting  results.  J  Some  authors  state  that  the  rate  of  the 
heart--beat  is  not  affected  by  such  operations,  while  others  claim 
that  the  sul)sequent  auriculoventricuhir  beat  takes  on  perma- 
nently a  slower  rh^^'thm. 

In  the  rnainmalian  lieitrt,  when  exposeil  to  view,  it  is  evident 
that  the  auricular  systole  is  not  sufficient  to  empty  its  cavity,  so 
far  at  least  as  the  atrium  is  concerned.  The  contraction  of  the 
auricular  ai>pcndages  is  more  forcible.  The  contraction  may  l>e 
reganh'd  jus  a  rapid  [K^ristalsis,  wliich  sweeps  a  portion  of  thebloo<l 
before  it  into  the  ventricle.  The  force  of  the  contraction  has  been 
determined  in  a  number  of  cases.  For  the  auricle  of  the  dog's 
heart  the  pressure  caused  by  the  contraction  luis  I>een  estimated 
to  be  equal  to  1*  to  20  jnm.  Hg.  The  systole  of  the  ventricle  is  to 
the  eye  a  simultaneous  contraction  of  the  whole  musculature. 
Various  observers,  however,  have  shown  that  tlie  wave  of  contrac- 

•  Keith  and  Klack,  "Journal  of  Anat,  and  Phvsiology,"  41,  172,  IWMi,  an<J 
43.  p.  1, 

f  Kent,  "Piweedings  of  the  Hoval  Society,"  B.  87,  198,  1914,  and  "Journal 
of  Phy.siokfiiy."  4H.  1914,  "IVw.  Physiol.  Sof." 

t  See  Cohn,  Kessel.  iiiid  Miison.  ''Heart,"  3.  311,  1912,  and  Moorhouae, 
"Aiwerican  Journal  oi  Physiolog>',"  30,  358,  1912,  and  31,  421.  1913. 
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tion  travels  over  the  heart  with  a  certain  velocity,  which  for  the 
human  heart  has  been  estimated  at  5ni.  per  second  (Waller),  and 
for  the  rabbit's  heart  (Gotch)  at  3  m.  per  second.  In  regard  to 
the  course  of  the  wave  there  have  been  great  differences  of  opinion 
among  difTercut  investigators.  While  the  older  view  assumed  as  a 
matter  of  course  that  the  contraction  begins  at  the  base  and 
passes  toward  the  apex,  the  newer  knowledge  in  regard  to  the  con- 
duction system  between  auricles  and  ventricles  seems  to  indicate 
from  the  anatomical  side  that  the  auriculoventricular  bundle 
spreads  out  upon  the  papillary  muscles  in  the  interior  of  the  ven- 
tricle, and  that,  therefore,  the  contraction  of  the  ventricles  may 
begin  with  the  papillary  musculature  and  thence  spread  to  the 
obhque  and  circular  tii>ers  of  the  ventricles.*  This  anatomical 
indication  has  !>een  confirmed  experimentally  by  some  investiga- 
tors and  contradicted  by  others.  Observations  upcm  the  papillary 
muscles  seem  to  show  that  they  are  not  the  last  portion  of  the  mus- 
culature to  enter  into  contraction,  but  whether  the  ven(ricular 
systole  l>egins  in  them  is  not  so  dear,  although  the  trend  of  recent 
opinions  seems  to  \ie  toward  this  view.  The  course  of  the  contrac- 
tion wave  has  been  studied  chiefly  by  means  of  the  accompan>ing 
electrical  variation,  and  the  conflicting  results  obtained  from  this 
method  are  referred  to  briefly  in  the  succeeding  paragraph.  Be- 
tween the  auricular  and  ventricular  contractions  there  is  a  per- 
ceptible interval,  which,  for  the  human  heart,  can  be  estimated 
from  a  study  of  the  records  of  the  jugular  pulse.  The  interval 
between  the  a  and  the  c  waves,  the  a-c  interval,  as  it  is  callefJ, 
marks  the  time  intervening  between  the  contraction  of  the  auricles 
and  of  the  ventricles.  This  interval  may  be  valued  at  0.2  sec.  or 
less  (0.12  to  0.2  sec.),  and  is  due  chiefly  to  the  time  necessary  for 
the  excitation  wave  to  pass  over  the  conducting  system  between 
auricles  and  ventricles.  In  all  probability  the  conduction  in  this 
system  is  slower  than  in  the  musculature  of  the  auricles  or  ven- 
tricles. In  the  dog,  for  example,  the  interval  between  auricular 
and  ventricular  contraction  is  about  0.1  sec.  Since  the  connecting 
auriculoventricular  bundle  has  a  length  of  10  to  15  mm.,  the 
velo<'ity  of  the  conduction  through  this  bundle  must  be  about 
10  to  15  cm.  per  second. 

The  Electrical  Variation. — ^The  contraction  of  the  heart 
muscle,  Uke  that  of  skeletal  muscle,  is  accompanied  or  preceded 
by  an  electrical  change.  That  is,  where  the  muscle  substance  is 
in  contraction  its  electrical  potential  is  different  from  that  of  the 
resting  muscle.  The  advancing  wave  of  contraction  causes  a 
corresponding  electrical  change  or,  to  be  more  accurate,  the  ad- 


'  Hering,  'TflUgcr'a  Ardiiv  f.  d.  gea.  PhysbL."  126,  22.').  1909. 
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vancingwave  of  excitation,  whiih  precedes  the  actual  contracliou, 
is  accompanieci  by  an  electrical  change.     If  two  points  of  the  hart 
are  connected  with  an  electrometer  an  electrical  current  will  be 
ehown,  since  tlic  cletlriciil  change  will  affect  the  electrodes  st 
different  times.     Tliis  electrical  variation  of  the  contracting  heart 
muscle  may  be  shown  easily  by  means  of  the  rheoscopic  muMfe- 
nerve  preparation  (see  p.  104).     If  the  heart  is  exposed  and  the 
nerve  of  the  preparation  is  laid  over  its  surface  each  ventricuiv 
systole  is  accompanied  by  a  kick  of  the  muscle,  since  the  nerve  by 
connecting  separated  points  act^  as  a  conducting  wire  for  tlw 
current  generntctl,  ami  iti  stiinulate<l^  therefore,  at  each  sj-stoie. 
Since  the  inuscle-ner\'e  jireparation  gives  only  a  simple  w^ntnw- 
tion  for  eacli  ventricular  systole,  we  may  assume  that  this  latt*r 
contraction  is  itself  simple, — that  is,  due  to  a  single  stimulus. 
The  electrical  variation  may  be  obtauied  also  by  means  of  ite 
capillar^*  electrometer  or  the  string-galvanometer    (p.   99),  and 
since  the  movement  of  the  mercurj'  or  of  the  string  in  these  iii- 
struments  may  l>e  photographwl,  the  results  can  be  studictl  in 
detail.     Owing  to  the  sensitiveness  of  the  iastrument.  the  Iteat 
of  the  hiiinan  heart  may  he  registered  in  this  w^ay  rW'aller)  whtri 
the  right  hand.  givinK  Iht*  iK>tentiiiI  chanRes  of  the  base  of  the 
heart,  is  connecte<l  with  one  electrode,  and  the  left  hand  fapw 
of  heart)  is  connecte<I  with  the  other.     Tlie  eleetrocanliogranw 
thus  obtained  photographically  show  that,   in  the  ventricle  at 
least,  the  t^lectrii'al  variation  exhibits  several  phages,  and  the  char- 
acter of  these  pha.^ies,  that  is.  whether  the  base  or  the  apex  first 
shows  a  negative  potential,  has  been  used  in  discussions  upon 
the  direction  of  the  wave  of  contraction.     In  Fig.  227  is  gix-en 
an  illustration  of  a  human  eleetro-cardiogriun  obtained  by  con- 
necting the  right  and  left  hands  with  the  eiectrwles  of  a  string 
galvanometer.     With  such   an  arrangement  or  "lead"  the  elec- 
trode in  the  right  hand  may  be  regarded  lis  leading  off  from  the 
auricular  end  of  the  heart,  while  that  in  the  left  hanfl  leads  off 
from  the  apex  of  the  ventricle.*     As  the  galvanometer  is  arranged, 
a  negativity  Cintiicative  nf  excitation)  toward  the  auricular  end 
is  shown  In'  a  movement  above  the  fiorizontnl  !«ise  line,  wliile 
a  negati\'ity  toward  the  apex  is  sho\\'n  by  a  movement  in    the 
opposite  direction.     Tlie  cardiogram  shows  that  the  heart-beat 
begins  with  a  sudden  development  of  negativity  at  the  auricular 
end,  wave  P;  this  is  iiiterprete<l  snti.sfactorily  as  being  due  to  the 
excitation  of  the  auricles.     The  following  ventricular  stimulation 
begins  with  a  wave  Q  below  the  line,  which  would  indicate  an 

•For  a  rlewrripdnn  of  the  EU'f'tnK^urdiDKntin  amJ  lh<*  litrrafun*  consult 
James  and  Williiiins,  *'.\merinm  Jourtiul  of  ihr  M<Nlirul  S-icnres/'  Nov.,  1910, 
or  Kmusand  Nirolui.  "Du«  KleklrftkiLnluif^rniiim,"  I^ipzig,  1910. 
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excitation  toward  the  apex  of  t)ie  honrt.  The  interpretation  of  Q 
has  uot  heen  made  sati-sfactorHy.  but  in  accordance  with  the  ana- 
tomical arrangement  of  the  auriculoventricuhir  bundle  referreil  to 
in  the  laist  paragraph  it  is  possible  IJiat  i\  imWcnio^  ihi^i  fhn  initial 
i^jitj^^n  i"  ^h<^  ynntricie  starts  in  the  fibers  of  tiie  papillary  mus- 
iilature  near  the  apex.  Q  is  inimediately  followed  by  the  large 
wnvp  /?, ji^hiph  inrhr/itps  ar  cxcitatlon  at  the  base  of  tiie  venlrielpsj 
followed  by  a  ra[>iii  transition  to  the  oppo.'^ite  phase  iS.  as  thij^ 
excitation  parses  to  i\\{>  Mpex  of  the  ventricle.  The  wave  T, 
occurring  at  the  end  of  the  ventricular  systole,  lia^  been  difficult  to 
interpret.     According  to  one  \new*  it  indicates  that  the  wave 
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Fig.  227.-  Elect  rDcnrrlioKram  uljlained  by  pliolofiraphins:  tho  mrn'ements  of  the 
thread  of  a  r<trinK-|EiilvAiiometer.  Thi*  upper  fiRiire  shoWf  tho  plintoftraphed  piir\-e,  while 
the  lower  one  i."  a  uifMCnttii  corirttnjcted  from  tho  phutogrhiili  to  ttiuke  clearer  the  electrical 
ahangce  in  a  ttlnicle  carcliar  cycle.  To  ohtiiin  thin  record  the  etertrud^?  wero  ^^onnected 
wit))  the  riffht  and  l«ft  hnri'L".  Wavev  with  the  apex  upward  indiruie  that  tlie  ba>e  «_*(  ttte 
heart  (or  the  riglit  ventricle)  ia  negative  to  the  apex  (or  left  ventricle).  Wavc%  with  the 
apex  downward  have  the  opptMite  HlKiiificaiiee.  Wave  P  iit  due  t«>  the  contraciioD  of  th« 
auricie.      Waves  Q,  H,  S,  and  T  «)ccur  dunog  the  systole  of  the  ventricle.     iSinihcMn). 

of  excitation  passes  last  to  the  basal  portion  of  tlie  ventricle,  and 
consequently  that  the  contraction  of  the  ventricle  tenninate« 
at  this  point.  This  conception  is  in  hannony  with  the  embryo- 
logical  fact  tJiat  the  ventricle  develops  originally  from  a  tube 
having  a  venous  and  an  arterial  end,  antl  that  this  tube  becomes 
bent  upon  itself  so  that  the.se  two  ends,  the  ostium  venosum  and 
the  bulbus  arteriosus,  lie  togetlier  at  the  base  of  the  heart.  A.s 
expressed  by  Keith,  the  lase  of  the  ventricle  L-onsists  hi  reality  of 
two  parts — an  auricular  iiasc  and  an  aortic  base,  the  beginning  and 
the  end  of  the  ventricular  tulie,  and  the  electric  cardiogram  traces 
the  wave  of  contraction  from  one  to  tho  other,  R  to  T,  by  way  of 
•Gotch,  "Heart,"  vol.  i.,  p.  235,  1910. 
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the  apex.  Other  oliservers,*  in  fact,  most  of  the  workers  iu  this 
field,  doubt  this  interpretation,  since  the  T  wave  may  be  obtained 
apparently  from  anj'  iKJint  on  the  external  surface  of  the  hr  • 
cle.  Einf  hoven  sf  atefi  that  this  wave  may  he  positive  or  ne^ 
may  he  a!>Rent.  Aecordinp;  to  him  tiie  whole  ventricle  i.s  in  conirw^ 
tion  between  the  R  and  T  wave  and  there  is  during  this  period  do 
difference  in  potential.  The  T  wave  when  present  indicatm 
simply  that  the  condition  of  contraction  does  not  cease  simul- 
taneously in  all  parts  of  the  ventricle.  It  is  e\'ident  from  these 
diverginj^  \news  that  it  is  not  possible  at  present  to  give  a  satis- 
factory interpretation  of  the  elortrofardiof^ani. 

Change  in  Form  of  the  Ventricle  During  Systole.— Muf^li 
attention  has  been  paid  to  the  external  change  of  form  of  the 
ventricle  during  systole.  Does  it  dinunish  in  size  in  all  liianieten 
or  only  in  fcrtain  diameters?  The  question  is  one  that  cannot 
be  answeretl  definitely  for  all  normal  conditions,  owing  to  the 
fact  that  the  form  of  the  heart  during  diastole  varies  with  the 
posture  of  the  body.  During  rliastole  the  heart  muscle  is 
quite  soft  and  relaxed,  ami  consequently  its  shape  is  influenred 
by  gravity.  The  exact  change  of  fonn  that  it  undergoes  in 
passing  from  diastole  to  .systole  will  vary  with  its  sha|>e,  what- 
ever tliat  may  hai>pen  to  be,  in  diiustole.  During  .systole  the 
musculature,  on  the  contrary,  is  liuni  and  resisting  and  the  form 
of  the  heart  in  this  phase  is  probably  constant.  The  chan^^ 
from  the  variable  <liaato!ic  to  the  constant  systolic  form  will  natu- 
rally be  different  in  different  positions.  With  an  excised  frog's 
heart  one  can  show  that  the  ventricle  is  elongated  in  passing  frorti 
diastole  to  systole  or  one  can  show  the  reverse.  If  the  heart  is  laid 
upon  its  side  it  flattens  in  diastole  so  as  to  increase  in  lengtb* 
and  systole  causes  a  shortening,  If  the  heart  is  held  or  placed 
with  its  apex  pointing  upward  it  flattens  during  diastole  so  a5 
to  shorten  the  diameter  from  base  to  apex  and  during  syftol€ 
this  diameter  is  lengthenetl.  In  ourselves  the  exact  change  of 
shaj^e  is  probably  different  in  tlie  erect  from  what  it  is  in  tha 
recuml>ent  posture.  Sijeaking  generally,  the  accounts  agr«e  in 
stating  that  the  long  diameter  of  the  heart  is  decreased,  base  an  J 
apex  are  brought  closer  together,  and  the  diameter  from  right  ta 
left  is  also  decreased,  while  the  anteroposterior  or  ventrodorsal 
diameter  is  increased.  That  is,  the  outline  of  the  base  of  the  heart 
during  diastole  is  an  elliiiee  with  its  short  diameter  in  the  ventro- 
dorsal direction.  Dviring  systole  this  outline  approaches  that  of  & 
circle.  A  more  interesting  change  is  described  for  the  apex  of 
the  ventricle.  Owing  to  the  whorl  made  by  the  superficial  fibei 
at  this  point  m  they  turn  to  pass  into  the  interior  (see  Fig.  223), 

•  For  discuiwion  and  literature  see  Kulm,  "Kr^ebnuise  d.  Physiologic,"'  U, 
1914;  alao  Eyster  and  Meek,  ''Archives  of  lat.  Medicine,"  U,  204,  1913. 


THE   HEART    BEAT. 


545 


ie   causes  a  rotation  of   the  apex,   which    is   thereby 
irwd  more  finnly  against  the  chest  wall.     This  rotation  and 
tion  of  the  apex  during  systole  may  be  seen  upon  tlie  ex|josetl 
of  the  lower  nmninmls  anti  has  l>een  deKcrihed  also  for  man 
Incases  in  which  the  heart  is  covered  only  by  tlie  skin,  owing  to 
nttlfonnation   in  the  cheat  wall   {ectopia  conlis)   or  to  surgical 
operations.     The  exact  position  and  size  of  the  heart  in  man  an<l 
its  variations  in  th(*se  respects  under  various  normal  ai^d  patho- 
lopral  conditions  may  be  studicti  qtiito  succestifully  by  mcuns  of 
the  x-rays.     When  the  x-rays  are  passinl  through  the  ehcst,  the 
heart  forms  a  shadow  which  may  be  seen  with  the  aid  of  the  fiuor- 
«CCTit  screen  and  which  may  also  be  photographed.     The  appa- 
ratus MM\l  for  thus  purix)se  amy  be  so  arranj^ed  that  the  rays  pass 
thmufih  the  chest  in  parallel  lines  and  give  a  shadow  of  the  exact 
siw  of  the  heart.     The  arranp;('ment  of  ajiparatus  for  this  purpose 
is  (Ift*ipiat4:*<l  usually  as  an  orthotliagraph,  and  the  photographic 
nroni  obtaine<l  is  s|X)ken  of  as  an  wtfKxiiaiiram.     It  may  be  shown 
by  this  means,  for  example,  that  during  muscular  exercise  there  is 
an  increase  in  the  size  of  the  heart  owing  to  the  greater  venous 
mflow,  while  at  the  end  of  exercise,  with  the  cessation  of  respira- 
tor)'and  muscular  activity,  the  heart  becomes  smaller  than  nonnnl, 
owing  to  the  fact  that  the  faster  rate,  which  is  maintained  for  a 
while,  causes  ihe  heart  to  empty  itself  more  rai>idly  than  it  is  fxlleii.* 
The  Apex  Beat. — The  apex  of  the  heart  rests  against  the  chest 
ml  at  the  fourth  or  fifth  intercostal  space,  and  here  the  systole 
iBiy  be  seen  and  felt  in  consetnience  of  a  slight  protnision  of  the 
wall.    Much  discussion    has  ensued    as   to   why   this    protnision 
OCCUR  during  systole,  since  the  ajjcx   is  drawn   toward  the  btuse 
^  the  volume  of    the   heart   is  diminished    by   the   output   of 
Uood,    The  fact  seems  to  lie  exj^lained  siitisfactorily  by  two  con- 
oderations:  The  heart  during  diastole  rests  against  the  chest  wall 
at  its  apex  and  a  ]X)rtion  of  its  anterior  surface,  Init  causes  no  pro- 
Iniaion  of  the  wall  because  the  tenseness  of  this  latter  is  sufficient 
to  flatten  or  deform  the  softer  heart  muscle.     During  systole  the 
harflent»fl  heart  muscle,  on  the  contrary,  overcomes  the  now  rela- 
tively Less  resistant  integument.    The  rotation  of  the  aj^ex  tends 
•^  to  maintain  the  contact;  so  that,  although  the  heart  is  short- 
^oed   in  its  long  diameter,  the  extent  of  the  movement  is  not 
^'^eient  to  draw  it  away  from  the  chest  wall.     In  the  second  place, 
~*^  clischjvr^  of  the  heart  contents  int^  the  curved  aorta  by  tending 
®t.niighten  tliis  tul>e  causes  a  movement  of  the  whole  heart 
iward  wliich   counteracts  the  effect  of  the  shortening  in  the 
^    diameter.     The  n]yox  beat  is  proctf  that  the  apex  remains 
*^st  the  chest  wall  during  syst^jle  and  in  mammals  corrolx)rative 

Nicoloi  and  Zuntz.  "Berliner  klm.  Wochonsckrift,"  No.  IS,  1014. 
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experiments  have  been  made  by  running  neeciles  through  the  chat 
wall  into  the  base  and  the  apex  of  the  heart.  Such  needles  &rtu 
levers  with  a  fulcnim  in  the  skin,  and  from  the  movement  of  tbe 
projecting  portion  it  has  been  shown  that,  while  the  baaa!  portloo 
of  the  heart  moves  downward  during  systole,  the  apex  itmaini 
more  or  less  stationary  except  for  the  lateral  movemenU  due  to 
the  rotation. 


"^ 


Fife.  228. — Marey's  cardiograph.  Tbe  button  on  the  tambour  itt  pwuotl  ufwM  tkt 
cbeitt  o\*er  tbe  apex.  The  niovements  are  lrauamill«<l  throujch  the  lul>e  to  tbe  right  to  I 
recording  tAtnbour. 

The  Cardiogram. — The  npex  beat  may  be  reconled  easily  by 
means  of  appropriate  taniliours.     Several  instruments  have  been  i 
especially  devise<l  for  this  purj>osc  and  are  desig:nat€<l  as  eaniu>-| 
graphs.  The  rardiof^raph  describe*!  by  Marey  is  shown  in  Fjg.  238i.l 
It  consists  assentiallv  of  n  Uinibinir  inpjosed  in  a  rnetal  box. 


Fiff.   220— Two  cardiograms  from  tbe  tnme  individual  to  show  charactertMie  remrda:  a 
BefTiitiiing  of  systole;  6-e,  aystolio  plateau. — (Afl^r  Morry.) 

rubber  membrane  of  the  tamlx>ur  carrier  a  button  which  csn  be 
brought  to  l^ear,  under  a  suitable  pressure,  upon  the  apex  of  the 
heart.  The  movements  of  this  button  cause  pressure  clianges  in 
the  air  of  the  tambour  wliich  are  traiianutted  through  tubing  to  a  , 
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recording  tambour  ftnd  recorded  on  a  kymographion.  A  simple 
and  effective  cardiograph  mav  be  made  l>v  pressing  a  fimne! 
against  the  skin  over  the  npex  and  connecting  the  stem  of  the 
fxmnel  by  tubing  to  a  suitable  recording  tambour.  The  car- 
diograms obtained  by  such  methods  liave  been  the  subject  of 
much  discussion .  The  form  of  the  cur\'e  varies  somewhat  with 
the  instniment  used,  the  way  in  which  it  is  applied,  tlie  position  of 
the  heart  apex  with  reference  to  the  chest  wall,  and  with  the  con- 
ditions of  the  circulation,  an<l  it  is  often  difficult  to  give  it  a  correct 
interpretation.  An  uncomplicated  form  of  the  canliogram  la 
represented  in  Fig,  229,  7,  anri  a  curve  more  difficult  to  interpret  in 
Fig.  220, 8.  It  should  be  borne  in  mind  that  the  cardiograph  curve 
is  partly  a  pressure  curve  and  jiartlv  a  volume  curve, — that  is,  the 
changes  in  volume  as  well  as  the  changes  in  pressure  of  the  heart 
during  systole  will  alTc(*t  the  in.stnituent. 

The  Intraventricular  Pressure  During  Systole, — The  best 
analyses  of  the  iletails  of  the  s\'stale  of  the  ventricle  have  been  made 
by  a  study  of  the  changes  in  pressure  within  the  ventricle.  For 
this  purpose  a  tuV)e  filled  with  liquid  is  introtluced  into  the  ca\dty  of 
the  ventricle.  A  tul>e  used  for  such  a  jmrpose  is  designated  as  a 
heart'Sourid.  For  the  right  ventricle  it  is  introduced  through  an 
opening  in  the  jugidar  vein  and  pushed  down  until  it  lies  in  the 

1 

.'MVIAWWWvV 

'I                                V                                ^               \ 

U    .           K                                    d             V! 

Fig.  2.10. — S^^ch^oDou.s  reconi  of  the  intravunfriciUtir  preaBim  (V|,  ari<l  tlrtj  aiirtio 
prowure  {A)i  £.  The  time  record, ^-cacb  vibration  =•  xiv  t^c.;  0-5,  com»ixtndiiig  ortli- 
t)ate»  in  the  twu  curv«w;  1  markii  thr  oprninK  ot  the  nomllunar  valvec:  3  (or  »h*>r(ly  aftrr) 
markd  Uic  closure  of  the»«  valvcif  auil  the  boKinning  uf  ijia^tole. — il/'irlM*.) 

ventricle,  or  in  some  cases  it  may  bo  thrust  through  the  wall  of 
the  ventricle.  For  the  left  ventricle  it  is  i»tnxlu<'ed  by  way  of  the 
carotid  or  subclavian  artery,  or  through  the  left  auricle  or  ventricle. 
The  ^und  is  then  connected  to  a  suitable  recording  apparatus  by 
rigid  tubing  filled  with  liquid-  The  changes  in  pressure  in  the 
ventricle  are  extensive  anti  ver>'  rapid.  To  register  tlunn  accu- 
rately the  recording  instrument  must  respond  with  great  prompts 
ness  and  at  the  same  time  must  be  free  from  inertia  movements, 

I     . 
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A  merf'ury  nmnometer,  for  infttance,  would  U*  entirply  useless  for 
8uch  a  pun>f>st\  sinre  the  heavy  mass  of  mereury  eould  not  follow 
aecumtnly  thr  quitk  chanjies  in  pressure.  The  recording  manom- 
eter devised  hv  Hiirthle  (p.  405}  hiLs  been  ut^ed  very  frequently 
for  tiiis  purpose,  as  :dso  sonu'what  similar  instruments  in  witieh 
the  vilir.^tions  of  the  tambour  memt>rane  are  recorded  photo- 
pnipiiicnlly  by  pliieing  a  simiU  mirror  on  the  meuihrane  nnd  reflect- 
ing a  iM'am  i»f  li^ht  from  it  (ijptical  mnnoineter).  A  tvfjieal  curve 
obtained  by  means  of  the  Hlirtlde  manometer  is  given  in  Fig. 
230,  I',  and  two  curves  as  obtaitied  from  an  optical  manometer 
(Wiggers)  In  Fig.  230a.  (Consult  also  the  classical  curve  obtained 
by  C'hauveau  and  Marey  from  the  heart  of  the  horse  |Fig.  220].) 
It  will  be  seen  that  the  pressure  in  the  heart  rises  suddenly  ivith  the 
beginning  of  the  ventricidar  <*ontra<'tion,  and  a  certain  time  elapses  , 
before  this  pressure  is  great  enough  to  oiK^n  tlie  semilunar  valves. 
The  moment  that  this  occurs  (1,  on  the  ventricular  curve  in 
Fig.  230)  is  det+Tnaneil  by  simultaneous  measurement  of  the  pres- 
sure in  the  aorta,  it  being  evident  that  the  pressure  will  begin  to 
rise  in  tliis  latter  vesst^l  the  moment  that  the  valves  open.  The 
different  features  of  the  ventricular  systole  as  gathered  from  these 
pressure  curves  are  expressed  by  Hiirthle*  as  follows: 

L  Systole,  phase  of  conlraciion  of  the  mii'^i-lc  fiWrs  (0  to  3  in  Fig,  230,  V), 

(a)  Perioil  of  tension  (0  to  l)^  iluriiip  vvhkh  theauricuIo-ventriculArand 
Heiiiilunar  valves  are  hf>lli  closf^l  amt  the  hpart  miisHe  Is  squeexing 
ufx>ii  tlvo  contained  blwHi.  Thia  jwriod  ends  at  tiie  opening  of  tlte 
semilunar  valves. 

(b)  Period  of  emptying  (1  to  3).  During  tins  time  tlie  heart  is  empty- 
ing it^'clf  into  the  aorta  and  the  intraventricular  pressure  rerivains 
alxive  annic  [ire^'^iire.  It  ends  with  the  i-cssation  of  the  contrac- 
tion of  the  muscle  and  the  hegiiminp  of  tho  rapid  rehixation. 

11,  Diastole,  [Oiase  of  relaxation  ami  rest  of  the  mxwcio  fitjcre. 

(a)  Periiid  iif  relaxation  from  3  until  the  curve  reaches  a  horizontaL 
At  the  beginning  of  the  relaxation  the  semilunar  valves  are  closed, 
and  fmin  comparLHon  with  the  aortic  cur\-e  the  instant  of  tho  occur- 
n*iicp  of  thi**  closure  ir  pUiced  Mlmrtly  aftiT  'A. 

{b)  PenoJ  (if  (hhng.  This  (jcriod  Im-kuis  as  soon  as  the  auriculo- ventric- 
ular valvt'K  i»pcn  and  tJic  stream  of  t>U><>d.  which  had  been  flowing 
into  the  auricle  throughout  thy  ventricular  systole,  is  pcmiitlcd  to  i 
enter  the  ventricle.  Uurinu  this  i>eriod  of  tilling  the  ventricular  ' 
pressure  riws  slightly  an  ilu-  heart  h(»comes  turgid  vdiU  bloo^i.  This 
increase  of  |>rt's.surf  is  iutht'iiteil  in  most  carchograms  by  a  gradual 
rise  of  the  curve  ihirinfi  this  [wTiod.  It  is  shown  in  the  cur\'e  of 
('haviveau  and  Mary,  given  in  Fig.  220. 

A  feature  of  the  intraventricular  pressure  curve  that  ha.s  l)een 
much  di^cusrfed  is  the  flattened  top.  or  plateau,  exhibited  in  Fig. 
230.  t  Aeeortling  to  some  aiitbors  a  |)eriod  of  even  pre^^ure  of 
this  kind  is  an  artefarl  due  to  ini]x^rf(^etiim  in  the  recording  instru- 
ment.    They  claim  tliat  with  an  adequate  instrument  the  pressure 

•Hiirthle.  ".Vrchiv  f.  d.  gcsammte  Phy^MoloKie.'"  49,  S4.  1«91. 
t  For  discussion,   see  Tigerstedt,  "Skandinavwcties   .\rchiv  f.  Physiol.," 
28,  37.  1912;  also  Wiggers.  •'.\mcrican  Journal  of  Physiology,"  33,  382,  1914. 
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dhldiQoothh'^  to  a  mnximuiti,  and  then  falls  off  in  diastole  so  that 
the  apex  of  the  cun'c  is  rouiidcd  !in<i  e^hows  no  piatvau.  The  re- 
sults that  have  accuuiulated  fiuai  the  us(r  of  the  more  modern  in- 
striinients  siH*m  to  show  that  under  normal  conditions  tlie  prfssure 
curve  does  give  endenee  of  a  flattened  top,  as  ^shown  in  Fig. 
230a,  e  to  /,  although  the  plateau,  so-called,  may  have  an  upward 


Fif.  230(1. — Two  cunrca  of  iatravpotricitlftr  prcasurc.  Right  ventricle,  dog'a  heart.  Record 
B  taken  with  a  more  senntive  mnnonielcr  than  A;  ah,  period  of  auriruUr  svslole;  hd,  period  of 
MDftioD  before  opening  of  semilunar  valvce  (ioometric  period);  dS,  period  oi  emptying  <ejoctioa 
p«rioci);  /(/.  cloaure  of  the  deuiilunar  vblvet}.     (^iggen.) 


or  a  downward  slope  according  to  the  conditions  of  pressure  in  the 
norta. 

The  Volume  Curve  and  the  Ventricular  Output. — In  man  the 

volume  of  the  heart  untler  different  ctuiditiifos  may  he  studied  hy 
means  of  the  x-ray  (p.  545).  In  the  lower  animals  the  thorax 
may  He  opened  witfi  suitnlile  [jrecautions  as  n-gards  anesthtrsia 
and  artificial  n»spiration.  and  the  heart  may  be  placed  within  a 
pictliysmograph  (see  p.  ()04)  to  measure  its  changes  in  volume 
during  systole  and  diastole.  If  the  whole  heart  is  tirated  in  this 
way  the  curvt*  of  volume  <*!iang<'s  is  complicated  hy  the  fact  that 
one  chanil-^er,  the  auriclei  is  filling^  while  the  other,  the  ventricle, 
is  emptying.  A  more  useful  disposition  of  the  ajiparatus  is  to 
enclose  only  the  ventrieles.  Several  different  fi>rms  of  plethysnio- 
graph  have  been  devised  for  this  puri>ose,  and  they  are  usually 
spoken  of  as  cardf'omctrrs.  The  form  deserilx^d  by  Henderson* 
is  simple  ami  easily  applied  to  the  heart.  Its  structure  and  the  con- 
nectioas  of  the  rt^cording  apparatus  are  indicated  in  the  diagram 
given  in  Fig.  231.  Tlie  apparatus  consists  of  a  rubber  ball  or  glass 
chamber  with  a  eireular  ojjening  at  one  point.  <  )ver  this  ojM'ning  is 
placed  a  membrane  of  rubber  dain  with  a  central  opening  tlirough 
which  the  heart  is  introduced,  as  shown  in  the  diagram.    The  rulilxT 

•  Hendprson,  "Aniprican  JcHirnal  of  Physiology,"  1*5.  325,  1906,  and  23, 
345,  1909,  contain  also  the  literature. 
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incinhranc  lies  suukIv  in  the  iiurifuloventrirular  groove,  making 
an  air-tiRht  joint.  The  interior  of  the  ball  is  connected  by 
stiJT  tubing  with  a  recording  t^imbour.  By  an  arrangement 
of  this  kind  the  ventriefps  are  kept  within  an  arr-chamher  closed 
everywhere  except  at  the  outlet  to  the  recording  tambour. 
Every  cliange  in  volume  of  the  ventricles  will  be  recorded  accu- 


Kitt.  23L'   DiaKmi 
irdinit  t&uib«>ur 
(Art«r  H%r»ch}€l4tr.) 


i»w   tlbi>  lirruiigftmsot  of  th*   Hcni.ior^.ui   cariiiurnplcr.     Th« 

racwrdina  t&uib«>ur  u  inverted,  iio  tbat  the  <y«tole  wU)  give  on  up-atroke  on  t^e  curve. 

Hin    '     ' '     ' 


rately  provided  there  is  no  leak.    Moreover,  these  volume  changes 

may  be  given  absolute  valuer  in  cubic  centimeters  if  the  appa- 
ratus is  calibrated  befurehaml.  The  cardioineter  furnishes  a 
convenient  method  of  estimating  directly  the  amount  of  blood 
entering  and  leaving  the  ventricles  under  varying  conditions, 
as  well  as  the  changes  in  hearl-valunie  that  may  rci^ult  from 
variations  in  tonicity.     When  the  heart  is  beating  slowly  the 


I 

Fig.  232.  —  DmRmiii  of  tht*  iiuinml  volmne  rurvo  IplethyonioKrwiii)  »>f  tlu*  «loK'e  Iicert 
when  b*«tiiiK  ni  a  hIhw  nitc  mftt-r  HxmchieUicr*.  The  up-^lroke  n'pn?««'tit)»  lUe  >y*lolc. 
the  d(jwn-tlrokr  thf-  iha-lolo;  4  U>  h  I  he  pfn-xl  uf  dioatiuii.t  [NmderMatt\.  At  5  the  eunruUr 
contrarti'Hi  caii>H-^  n  mlinlit  additionBl  dilatation  of  the  ventricle.  1.2.  »Dd3  rvpn-itcnt  th« 
time  of  occurrence  of  the  6rHt,  second,  and  third  heart-eaunda  reepectively. 


volume  curve  has  the  form  shown  in  Fig.  232.  During  systole 
the  ventricle^s  shrink  in  size  as  the  blood  is  discharged  into  the 
aorta  and  pulmonary  artery — the  up-stroke  of  the  curve.  .\t 
the  end  of  the  systole,  after  the  closure  of  the  semilunar  and  the 
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Opening  of  the  auriculo ventricular  valves,  the  ventricles  are 
dilated  rapidly  by  the  inflow  of  venous  blond.  Henderson  has 
emphasized  the  fact  that  tlie  filling  takes  place  nearly  as  rapidly 
as  the  emptying,  owing  doul)tless  to  the  fact  that  at  the  end  of 
ventricular  systole  the  auriflen  are  diliileil  under  some  pressure, 
80  that  their  contents  escat)e  at  once  into  the  ventricles  as  soon 
as  the  intervening  valves  are  opened-  The  diastoljc  curve  comes 
back  nearly  to  t!ie  base  line  and  then  forms  a  shoulder  (4)  from 
which  it  ap[)roaches  gradually  to  the  liasr  line  up  to  $lie  nii>ment  of 
auricular  contraction  (5),  The  perioti  of  ^raiiual  ililaUon  of  the 
nearly  filled  ventricles,  which  on  the  <"urveis  shown  from  4  to  5,  is 
called  the  p<Tiod  of  <liastasis  by  HendersiHi.  The  heart  cycle,  so  far 
as  the  ventricles  are  coneernt*d,  falls,  therefore*  into  three  periods: 
1,  Systole;  2,  diastole;  '^,  diastasis.  \'ariations  in  heart  rate  affect 
chiefly  the  last  period;  this  l>ecomes  shorter  and  shorter  the  more 
rapid  the  rate.  When  the  heart  rate  is  ao  rapid  that  the  period 
of  diastajsis  drops  out  altoRCther  and  the  systole  begins  as  soon 
as  the  diastole  is  complete,  then  we  should  have  the  maxinmm 
output  uf  hlin)d  |)er  niinule.  An  increase  <if  mte  beyond  this 
point  would  lead  to  u  curtailment  of  the  period  of  diastole  and 
eventually  to  a  dimniished  output  of  blood  per  minute.  Aceord- 
ing  to  the  account  just  given,  the  filling  of  the  ventricle  is 
practically  completed  before  the  auricles  contract.  Henderson 
believes  that  the  contraction  of  the  auricles  adds  very  little  or 
nothing  to  the  change  of  Ijluod  in  the  ventricles,  but  other  autliors, 
using  the  same  methods,  differ  from  him  in  this  conclusion. 
It  is  at  least  certain  that  tlie  ventricles  are  for  the  most  part 
filled  before  the  auricular  contraction  comes  on — this  hitter 
act  may  add  a  greater  or  less  amount  t<j  tliis  charge,  accnnling 
to  the  extent  to  which  the  inflow  of  venous  blood  during  diast'Ole 
has  filled  the  ventricle.  The  auricular  contraction,  besides  initiat- 
ing the  ventricuhir  systole,  doubtless  serves,  by  niising  the  tension 
in  the  ventricuhir  chamber,  to  l>ring  the  rniriculoventricuhir  valves 
more  completely  into  the  position  of  closure.  When  these  valves 
are  deficient,  as  in  mitral  stenosis,  the  contraction  of  the  auricles 
plays  a  larger  part  in  completing  the  filling  of  the  ventricles 
(Hirschfelder).  For  the  cases  in  which  it  can  be  applied,  the 
volume  curve  enables  us  to  estimate  the  ventricuhir  discharge  at 
each  beat  and  the  outflow  per  minute.  It  was  formerly  a.ssumed 
that  at  each  systole  the  ventricles  emptit^i  themselves  completely, 
but  work  of  the  kind  descrilied  in  this  paragraph  has  shown,  on  the 
contrary',  that  at  the  end  of  systole  a  considerable  proporti<m  of 
the  blood  may  be  left  in  the  cavity  of  the  ventricle.  The  amount 
thus  left  behind  will  vary  with  the  rate  and  other  conditions. 
According  to  Henderson's  figures  for  the  dog,  about  one-third  or 


552 


CIRCXJXATION    OF   BLOOD    AND    LYMPH. 


somewhat  less  of  the  ventricular  charge  is  left  in  the  be^rt  &lt«r 
systole,  when  the  heart  is  hoiiling;  iit  the  normal  rate  [W.  And 
the  quantity  of  hlund  discharged  from  the  left  veutricie  at  farii 
systole  is  approximately  .002  of  the  body  weight.  It  is  eviflent 
that  when  the  aortic  pressure  rises  to  an  abnormal  level  Ui» 
discharge  of  ItliHid  from  the  left  ventricle  will  be  or  may  be 
diminished,  with  the  result  that  the  blood  backs  up  in  the  Wt 
auricle,  thus  raising  the  venous  pressure  in  the  lungs  and  retuH- 
ing  the  pulmonary  circulation.  On  the  other  hand,  as  Hpmler- 
son  has  esperially  emphiisized,  the  outflow  from  the  venlridr 
must  be  influenced  very  directly  by  the  inflow  into  the  auride 
from  the  veins.  Variations  in  the  size  of  the  blood-vessels,  such 
as  dilatation  of  the  small  arteries  or  possibl}'  loss  of  tone  in  tb« 
veins,  may  bring  about  a  condition  of  venous  stasis  and  cut  down 
the  supply  of  blood  to  the  heart  on  the  venous  side.  Two  ob- 
servers* who  have  studied  by  indirect  means  the  output  of  blood 
from  tlie  right  ventricle  in  man  state  that  the  volume  of  blood 
disehargwl  may  vary  from  2.8  liters  per  minute  during  ritst  to  ai> 
much  as  21.6  liters  during  muscular  work.  They  conclude  thai 
this  great  range  of  output  is  governed  by  variations  in  the  v(*nous 
filling  of  the  heart  during  diastole.  At  rest  the  venous  inflow  is 
insufBcient  to  distend  the  heart  completely,  but  during  muscuUr 
work  the  increase  in  venous  pressure  and  velocity  distends  th» 
heart,  during  diastole,  to  its  maximal  extent. 

The  Heart  Sounds. — An  interesting  and   important  feature 
of  the  heart  beat  Ls  the  occurrence  of  the  heart  sounds.     Two 
sounds  are  usually  described^  one  at  the  beginning^  the  other 
at    the   end,  of   the    ventricular   systole.     TI»e   first   s<»un<l  ho^ 
a  deeper  pitch  and  is  longer  than  the  second,  and  their  relative 
pitch  and  duration  are  rejiresented  frequently  by  the  syllable^ 
lubb-ilup.     At'fording  to  Haycraft.t  both  tones,  from  a  niusie 
standpoint,  fall  in  the  bass  clef,  and  are  separated  by  a  musfcf 
cal     interval     of    a     minor    third.     The    sounds    are     readily 
heard  by  applying  tlie  ear  to  the  thorax  over  the  heart,  but  fni 
diagnostic  purposes  the  stethoscope  is  usually  employed,   an 
this  method  of  investigation  by  hearing  is  designated  as  avscultiUu 
The  importance  of  these  heart  sountls  in  diagnosis  was  first  en: 
phasized  by  Ijaennec  (1SI9),  and  since  his  time  a  great  numl^er 
theories  have  been  proposed  to  explain  their  causation.     Indeed, 
the  subject  is  not  yet  closed,  although  certain  general  views  regard* 
ing  their  cause  and  the  time  of  their  occurrence  are  generallr 
accepted.    The  second  sound  is  found  to  follow  immediately  upon 

*  Krogh  and  Lintibard,  "8kandiimvischcB  Archiv  f.  Physiologie,"  27,  10(4 
1912. 

t  "Jouroul  of  Physiology,'*  11,  4S6,  1890. 
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the  closure  of  the  semilunar  valves.  The  usual  view,  therefore,  is 
that  the  sovmd  is  flue  ultimately  to  the  ^^hmtions  set  up  in  these 
valves  by  their  sudden  closure.  These  vil>nitions  are  transmitte<l 
lo  the  column  of  hloo<i  in  the  aorta  (or  pulnionan'  artery)  and  then 
to  the  intervening  tissue  of  the  chest  wall.  This  view  is  made 
probable  by  a  number  of  experimental  results,  some  of  the  most 
important  of  which  were  brought  out  by  Williams  in  a  report  (1836) 
<rf  a  committee  appointeil  by  the  British  A8sc)eiation  for  the 
^ial  purpose  of  investigating  the  subject.  It  has  been  shown: 
(I)  That  the  second  sound  disappears  before  tlie  first  sound  when 
the  animal  is  bled  to  death,  and  indeed  as  soon  a,s  the  heart  ceases 
to  throw  out  a  supply  of  blood  sufficient  to  maintain  aortic  tension. 
It  disappears  also  when  cuts  are  made  in  the  ventricles  so  that  the 
blood  nmy  escape  otherwise  than  through  the  arteries.  (2)  When 
the  valves  of  the  pulmonan'  arterj'  and  aorta  are  hooked  back  in  the 
Eving  animal  the  second  sound  is  replaced  by  a  murmur  due  to  the 
wahiag  back  of  the  blood  into  the  ventricle,  and  if  the  valves  are 
drop[)ed  back  into  place  the  normal  second  soun^l  is  again  heard, 
(3)  Similar  sounds  may  be  pro<hiccd  if  the  root  of  the  aorta  with  its 
wives  in  place  is  excised  and  attached  to  a  glass  tube  carrj'ing  a 
column  of  water.  With  such  an  arran^enient.  if  the  valves  are  held 
open  for  a  moment  and  then  closetl  sharply  by  the  pressure  of  the 
cohunn  of  water  a  sound  similar  to  that  of  the  second  heart  sound 
■  heard. 

The  physician  uses  this  view  of  the  cause  of  the  second  sound  in 
auscultation,  and  it  is  cedent  that  the  nature  of  the  sounrl  or  its 
replacement  by  murmurs  will  give  useful  testimony  r^arding  the 
condition  of  the  semilunar  valves.  The  first  heart  sound  has  of- 
fered more  difficulty.  It  occurs  at  or  shortly  before  the  closure  of  the 
turiculo- ventricular  valves,  and  it  woulil  seem  natural,  therefore,  to 
Attribute  it  to  the  vibration  of  these  valves  when  suddenly  put  under 
I  ^ttision  by  the  ventricular  systole.  Most  authors,  indeed,  believe 
^t  this  factor  is  at  least  partially  responsible  for  the  sound,— 
I  P^t  is,  that  the  sound  contains  a  valvular  element.  Hut  that  this 
f  *  'Jot  the  sole  cause  is  shown  by  the  fact  that  the  bloodless  l>eating 
j,*^rt  gtill  gives  a  sound  at  the  time  of  the  ventricular  systole. 
I^^^ed.  if  the  apex  of  the  rabbit's  heart  is  cut  off,  it  continues 
P  **^sat  for  a  few  minutes  and  during  tliis  time  gives  a  first  heart 
^^**id.  It  is  usually  said,  therefore,  that  the  first  heart  sound  is 
r*^^«<i  by  the  combination  of  at  least  two  factors, — a  valvular 
L^^ent  due  to  the  vibration  of  the  auriculo-ventriciUar  valves,  and 
^^Xiscular  element  due  to  the  vibration  of  the  contracting  muscular 
Accepting  this  view,  there  is  a  further  difficulty  in  explain- 
the  origin  of  the  muscular  element.  According  to  some,  it  is 
to  the  fact  that  the  contraction  of  the  muscle  fibers  is  not 
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simullanpouR  throuRhout  the  ventricle  and  the  friction  of  the  inter- 
lacing fibers  sets  up  vibration  in  the  muscular  mass;  according  to 
Others,  the  so-called  nuiscular  element  is  mainly  a  resonance  tone  of 
the  ear  membrane  of  the  auscultxitor,^the  shock  of  the  contracting 
heart  sets  the  tympanic  membrane  to  \ibi'ating.  It  seems  uselew^ 
to  attempt  a  detailed  discussion  of  these  conflicting  views,  since  no 
eon\ineing  statements  can  be  made.  Practically,  the  time  at  which 
the  heart  soimds  occur  is  of  great  importance.  A  number  of 
obeervers  have  recorded  the  time  uix>n  a  cardiographic  tracing  of 


Tig.   233. — To  show  the   time  relation  of  the  ht^nrt  9i>undB  to  the  ventricular  beat 

JAfareu):  V.D.,  Tracing  of  the  ventricular  prnmurc  in  tho  riicht  ventride  of  the  hor>«.  Be* 
Dw  tl»o  two  marka  »hnw.  reriijcciivrly,  the  time  of  t\m  fiwt  rrnd  (#c«m<[  sound'*.  ITie  6r»4 
oecup)  iinmeiliately  after  the  De«inniiiK  oi  systole,  the  secaml  inimediAtely  after  the  begin- 
Dime  of  diaetole. 
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the  heart  beat  with  results  such  as  are  shown  in  Fig.  233.  The 
figure  shows  clearly  the  general  fact  that  the  first  sound  is  heard 
ver>'  shortly  after  the  beginning  of  systole  and  the  second  one 
immediately  afttr  the  end  of  systole.  Hie  first  sound  is  therefore 
systolic,  and  the  second  sound  diastolic.  A  more  exact  and  de- 
tailed study  of  the  time  relations  of  the  heart  sounds  has  been  nmde 
by  Eintlioveii  and  ( ieluk.*  These  authors  obtained  graphic  reconis 
of  the  heart  sounds.  The  sounds  received  first  by  a  microphone 
were  transmitted  to  a  capil]ar>'  electrometer  and  the  movements 
of  the  Iatt4?r  were  photogmphed.  As  one  result  of  their  work  they 
give  the  schema  shown  in  Fig.  2'M.  It  will  l>eseen  from  this  figure 
that  the  first  soun<l  l>eKins  about  OJH  sec.  l>eforG  the  cardiogram 
shows  the  commencement  of  systole,  and  that  for  the  first  0.06  sec. 
the  sound  is  heard  only  over  the  aix?x  of  the  heart  (a-b).  Over  the 
base  of  the  heart  (second  intercostal  space)  the  first  sound  is  heard 
(b  to  c-fl)  just  at  the  time  when  the  semiliumr  valves  are  opened 
(&'), — that  is.  at  the  l>eginmngof  the  f^»eno(i  rjf  emptying  according 
to  the  classification  given  on  p.  548.  The  first  soimtl  ceases  long 
before  the  ventricular  cuntraeUon  itself  is  over, — a  fact  which 
would  seem  to  indicate  that  the  muscular  element  in  the  first  soimd 
is  not  a  muscular  sound,  such  as  is  given  out  by  a  contracting 

•  Einlhovon  and  Oeluk,  '*Aroliiv  f.  d.  ffosammtr  Phvxioiogie."  57,  617, 
1804.     Einthoven.  ihul,  1907,  vol.  117.     Fahr,  '^Hcjirt,"  4,  147,  1912. 
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skeletal  muscle.  The  beginning  of  the  second  sound  seems  to  mark 
exactly  the  time  of  closure  of  the  semilunar  valves.  The  character 
and  the  time  relations  of  the  murmurs  tliat  accompany  or  replace 
the  heart  sounds  form  the  interesting  practical  rontinuation  of  this 
theme;  but  the  subject  is  so  lar^e  that  the  studt'ut  miiift  fie  ivferred 
for  this  information  to  the  works  upon  clinical  inettiods. 

The    Third    Heart  Sound. — Several   observers*    have    called 
attention  to  the  fact  that  in  certain  inrlividuals  a  third   fieart 


^cf-iee 


FiK.  234. — Schematic  rci^reAentAtioo  of  the  relation  of  the  heart  aouads  to  the  ventric- 
ular bMt;  C.  The  cardinffram ;  1.  to  --how  the  ilur&tion  of  the  first  heart  eouiid;  2,  the 
durstion  of  the  second  henrt  A<)un>l:  H,  the  time  rpcunl,  each  diviaioD  correap<indiiiiE  to 
0.02  aee.  In  1,  a-ci'  mark^  the  iiL-'dani  that  the  lir>t  heart  wmnd  is  beard  over  the  upex, 
and  M'  the  moment  that  it  is  heard  at  the  second  intercodtal  apace.— (£in/Aorm  and 
OtluA,) 


sound  may  be  heard  very  shortl}*^  (0.13  sec.)   after  the  beginning 

of  the  second  sound.  Thayer  describes  this  sound  jis  being 
"softer  and  of  lower  pitcli"  tliati  the  second  sound,  and  in  some 
cases  as  resembling  rather  a  dull  tluid  or  hum.  In  those  persons 
in  whom  it  can  l)e  detected  it  is  lieard  most  distinctly  over  the 
apex  of  the  heart.  Einthoven  has  shown  the  existence  of  this 
sound  by  objective  methods.  By  means  of  a  microphone 
attachment  the  lieart  sounds  can  be  transudited  to  the  string- 
galvantimeter,  iu  which  they  cause  deflections  of  the  string  that 
can  he  phottigraphed.  In  this  way  he  has  obtained  records  of 
the  third  sound  upon  individuals  in  whom  the  stethoscope  failed 
to  reveal  its  existence.  The  cause  of  this  soun<l  has  been 
explained  ditferently  by  the  several  authors  who  ha%'e  investi- 
gated it.  It  occurs  early  in  the  diastole,  and  Einthoven  suggests 
that  it  is  due  to  an  after-vibration  of  the  semilunar  valves. 
Thayer  and  Gibson  suggest  the  more  probable  explanation  that 
it  is  due  to  a  vibration  of  the  auriculoventricular  valves  which 
is  set  up  by  the  sudflen  inrush  of  blood  from  the  auricles 
at  the  beginning  of  diastole.  This  inflow  of  venous  blood 
distends  the  ventricle  sharply  anrl  throws  the  valves  into  a 
position  of  closure  with  some  suddenness.     The  sound  occurs 

•Thayer.  ^'Boston  Mwl.  and  Surp.  Journal/'  ir>S,  713.  1908;  Einthoven, 
"Archiv  f.  d.  ges.  Physioi,,"  120,  31,  1907;  Gibson.  "Uncet,"  1907,  II,  1380. 
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at  ahout  the  time  of  the  shoulder  *>n  the  diastnlic  limb  of  the 
Volume  curve,  as  is  indiciited  in  the  diagriiin  In  Fig.  232. 

The  Events  that  Occur  During  a  Single  Cardiac  Cycle. — 
By  a  complete  cardiac  cycle  is  meiiut  the  time  from  any  given 
feature  of  the  heart  heat  until  that  feature  is  again  produceti. 
It  may  be  helpful  to  summarize  the  events  in  such  a  cycle,  hoth 
as  regards  the  heart  and  as  regards  the  blood  cimtained  in  it. 
We  may  begin  with  the  c'lo??ure  of  ttie^  semilunar  valves.  At 
that  moment  the  second  heart  sound  is  he;ird  aQji  at  that 
moment  the  ventricle  is  quickly  relaxing;  from  its  previous 
contractirm.  STnceTlie  auricuh>ventricular  valves  are  still 
closed  (see  tliagratiit  Fig.  21^),  the  ventricles  for  a  brief  interval 
are  shut  off  on  both  sides.  The  blood  is  Howing  steailJty  into 
the  auricles  and  dilating  then^.  A.^  •nu^u  iv<_f]if»  vnniiir-U^s  rpjax 
the  pressure  of  hUuni  in  the  auri<']es  opens  the  auriculoven- 
tricular  valves,  and  frtuii  that  uumient  until  the  l^eginjiing  uf 
the  auricular  systole  the  blood  fron^  tlip  b-^rgp  vf>ins  lafiTTTng 
both  ventricles  and  auricles.  As  stated  on  p.  551,  the  venous 
blood  which  has  been  accumulating  in  the  auricles  during  the 
ventricuhir  systole  flows  into  the  ventricles  with  some  sudden- 
ness on  the  opening  of  the  uuriculoventricular  valves.  The 
ventricles,  therefore,  tiilate  rapiilly  ami  the  auriculoventricular 
valves  are  floated  into  a  pttsitirm  ready  for  closure.  This  event 
occurs  at  about  the  time  that  the  third  heart  sound  is  heard. 
In  a  slowly  beating  heart  there  may  l>p  rjuite  an  interval  (period 
of  fliastasis)  between  this  point  anil  the  auricular  contraction. 
The  auricular  systole  sends  a  sudden  wave  of  blood  into  the 
ventricles,  LJilat ing  them  still  further  and  momentarily  blocking 
or  retardmg  the  flow  froin  the  large  veins,  and  causing  one. of 
the  waves  seen  in  the  normal  venous  pul^P  "'^  ^'^^''^''ilffii  "^^^^ 
jugular  T'e|ns.  The  ventricular  systole  ftillows  at  once  upon 
the  auricular  svstole.  t!ie  exact  relations  in  this  case  clepend- 
ing  somewhat  upon  tTie  pulse  rate.  As  the  ventricle  enters 
into  contrnrtion  the  nuricuio-voTUricular  valves  are  tightly  closed^ 
the  fii-st  sound  is  tieiud,  ami  lor  a  short  interval  the  ventricular 
cavity  IS  iigam  sinit  off  on  both  sides.  Soon  the  rising  pressure  in 
the  interior  for<es  open  t!ie  seniihinnr  valv(»s.  und  then  a  column 
of  bNxnl  is  discharged  iuUi  the  aorta  luii]  pulmonary  artery-  as  long 
as  the  contraction  lasts.  During  this  inlerval  the  flow  at  the 
venous  end  of  the  heart  continues,  llic  btood  being  received  into 
the  yieUling  auricles.  Indeed,  this  capacity  for  receiving  the 
venous  inflow  during  the  comparatively  long-lasting  ventricular 
s>'Stole  may  \>e  considered  us  one  valuable  mechanical  function 
fulfdled  by  the  auricles.  The  venous  flow  is  never  completely 
blocked  and   at  the  most  suffers  only  a  slight  retardation  -during 
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the  very  brief  auricular  systole.  At  the  end  of  the  ventricular  sys- 
tole the  excess  of  pi-essure  in  the  .aorta  and  the  pulmonary  arterj' 
closes  the  ;:iemi[un:ir  valves  nnd  complptes  the  cycle. 

Time  Relations  of  Systole  and  Diastole. — The  dunition  of  the 
separate  phases  of  the  heart  beat  depends  naturally  on  the  rate 
of  beat.  Assuming  a  low  pulse  rate  of  70  per  minute,  the  average 
duration  of  the  difTerent  phases  may  be  estimated  as  follows: 

Ventricular  svstole =  0.379  gee. 

Ventricular  cfiiu^t^ile  and  pause =  0.4S3    " 

Auricular  systofe, =  0 J      to  0.17      " 

Auricular  diastole  and  pause =  0.762  to  0.692    " 

Einthovcn  and  (icluk,  in  the  Investigation  referred  to  above, 
measured  the  time  intervals  of  systole  and  diastole  during  fifteen 
heart  periods  of  a  healthy  man,  and  found  that  the  time  for  the 
ventricular  systole  varied  between  0.312  and  OMA(\  sec,  while  that 

'for  the  diastole  varied  from  O.^So  to  0.518  sec.  Experiments  by 
a  numl>er  of  observen?  indicate  that  in  the  great  changes  of  rate 
which  the  heart  may  undergo  under  nonnal  conditions  the  diastolic 
phase  (period  uf  diastasis)  is  affected  relatively  much  more  than 
the  systnlir.  as  we  :diindd  expect. 

The  Normal  Capacity  of  the  Ventricles  and  the  Work  Done 
by  the  Heart. —  X'arious  efforts  have  been  made  to  measure 
the  n<.>riiiul  capacity  of  the  ventricles  in  man,  but  the  deter- 
mination has  encountered  many  dithculties.     Experiments  and 

.  observatifuis  made  upon  the  excised  heart  are  of  little  value,  since 
the  distensible  walls  of  the  ventricles  yieUl  reaiiily  U)  pressure, 
and  it  is  difficult  or  impossible  to  imitate  exactly  the  conditions 
of  pressure  that  prevail  during  Hfe.  Nor  is  it  certain  whether 
normally  the  ventricles  empty  themselves  completely  during 
systole;  in  fact,  the  evidence  from  experiments  on  the  lower 
animals  indicates  that,  contrar}-  to  the  opinion  which  for- 
meriy  prevailed,  the  ventricles  throw  out  only  a  portion  of  their 

'blood  at  each  beat.     The  older  observers  (Volkmann,  Vierordt) 

^attenipted  tu  arrive  at  a  determination  of  the  normal  output 
of  the  ventricles  by  calculations  bascil  up<.tn  tlie  velocity  of 
llie  blood  in  the  carotid  and  the  width  of  the  stream  bed.  from 
observations  on  many  animals  they  arrived  at  the  general- 
ization that  at  each  systole  the  amount  of  l)]ood  ejected 
from  the  ventricles  is  equal  to  about  ^^g:  of  the  body  weight.  For 
a  man  weighing,  say,  72  kilograms  (I5S  Iks.)  this  ratio  would  give 
an  output  for  each  systole  of  ISO  gms.  (6  ozs.).  More  recent 
olxsen'ers,  however,  have  found  this  estimate  too  high.  Howell 
and  Donaldson*  measured  the  outj^it  directly  for  the  heart  of  the 
dog,  making  use  of  a  heart  isolated  from  the  Knjdy  and  kept  l>eating 

•  Howell  and  DunnUliSon,  "Philosophical  Transacliotis,"  Roval  Soc.,  Lon- 
don«  1884. 
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b}'"  an  artificial  circulation.  The  ratio  of  the  output  varied  with  the 
rate  of  beat;  for  a  rate  of  ISO  Ixiata  per  minute  it  was  equal  to 
0.001 17  (-jrH)  of  the  body  weight;  for  a  rate  of  120  l^>eats  per  minute 
it  was  equal  to  0.0014  (tJtt).  This  ratio  is  therefore  about  one-haif 
of  that  proposed  by  Volkmann,  Tigerstedt,  from  observations 
upon  rabbits,  obtained  a  lower  ratio  still  (O.U0042);  but  from  his 
own  residts  and  those  obtained  by  other  workers  he  concludes* 
that  an  average  valuation  for  the  volume  of  blooti  discharged  by 
each  ventricle  of  the  human  heart  is  from  50  to  100  c.c.  On  this 
basis  one  may  make  an  approximate  estimate  of  the  work  done 
at  each  beat.  Using  Tigerstedt's  figures,  such  results  as  the  follow- 
ing are  obtained:  On  the  left  side  the  heart  empties  its  100  c.c, 
against  a  pressure  of  150  nuius.  Hg.  (0.150  meter)  and  on  the  right 
side  against  a  pressure  of,  say,  60  mms»  Hg.  (0.06  meter).  The 
work  done  is  calculated  from  the  formida  w=^pr,  in  which  p  repre- 
sents the  weight  of  the  mass  thrown  out  and  r  the  resistance  or 
mean  aortic  pressure.  This  latter  factor  must  be  multiplied  by 
13.6,  the  density  of  mercury,  to  reduce  to  a  column  of  blood. 

Leit   ventride,  lOOgras.  X  (0.150  X  13.6)  =  204.0  grammetere. 
Right        "         100    "     X  (0.06    X  13.6)  ^    81.6 

285.6  grammeters. 

To  this  must  be  added  the  energy  represented  by  the  velocity 
of  the  mass  ejected  into  the  aorta.  Placing  tliis  velocity  at  500 
mms.  (0.5  meter)  for  both  aorta  ami  pulmonary  artcr}",  the  energ>' 
represented  in  mechanical  work  is  estimated  from  the  formula  ^ 
in  which  p  rei>resent6  the  weight  of  the  mass  moved,  v  the  velocity 
of  its  movement,  and  g  the  accelerating  force  of  gra\nty.  Applying 
this  formula  we  have  for  each  ventricle  j  ^gg'  =  1.28grammeter8, 
or  for  both  ventricles  2.56  grammeters,  making  a  total  of  over  288 
grammeters  of  work.  That  is,  the  mechanical  work  done  at  each 
contraction  of  the  heart  is  equal  to  that  necessary^  to  raise  2S8  gms, 
a  meter  in  height.  The  calculations  made  by  different  authors  as 
to  the  amount  of  bk>od  discliargetl  from  each  ventricle  during 
systole  may  be  tabulated  as  follows: 

Thomas  Young 45  gnis. 

Volkmmin 188  "    for  weight  nf  72  kgms. 

Vierordt 180  "      "        "       "    "       « 

Fick 50-73  *' 

Howell  and  Donaldson 75-90  "      "        "       "  65      " 

Uoorweg 47  " 

Zimtz 60  " 

l^nstedt 50-100  " 

Plumier 70  " 

Loewy  and  v.  SchrOtter 55  "      "       "          60-65  kf^noB, 

Krogh  and  Limihard 39-103  " 

•  Tigerstedt,  "U'hrbuch  der  Physiologie  dea  Kreislaufes/'  p.  152.  1893. 
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The  Coronary  Circulation  during  the  Heart  Beat. — ^The 
condition  of  the  blood-flow  in  the  coronary  vessels  during  the  phases 
of  the  heart  beat  has  been  the  subject  of  much  speculation  and 
experiment,  since  it  has  cnt-ercd  as  a  factor  in  the  discussion  of 
several  mechanical  and  nutritive  problems  that  are  connected  with 
the  physiology  of  the  heart.  According  to  a  view  usually  attributed 
to  Thebeaus  (1708),  the  flaps  of  the  semilunar  valves  are  thrown 
back  during  systole  and  shut  off  the  coronary  circulation,  and 
therefore  the  coronan*  vessels,  luilike  those  of  other  organs,  are 
filled  during  diastole.  In  modern  times  this  view  has  been  revived 
by  Briicke,  who  made  it  a  part  of  his  theon'  of  the  **  self-regulation" 
of  the  heart  beat.  According  to  this  view,  the  coronaries  are  shut 
off  from  the  aorta  during  s>'stule  by  the  flaps  of  the  semilunar  valves, 
8o  that  the  contraction  of  the  ventricle  is  noc  opposed  by  the 
distended  arteries,  while,  on  the  other  hand,  the  rcinjcction  of  these 
vessels  from  the  aorta  during  diastole  aids  in  the  dilatation  of  the 
ventricular  cavities.  Experimental  work  has  shown  <iecisively  that 
the  part  of  this  theory^  relating  to  the  closure  of  the  coronary  arteries 
by  the  semilunar  valves  is  incorrect.*  Records  of  pressure  changes 
in  the  coronar>'  arteries  during  the  heart  beat  made  by  Martin  and 
Sedg^vick  and  by  Porter  show  that  they  are  substantially  identical 


FSg,  336> — Simultaneoufl  record  nf  the  blood'pnsHsure  (A)  and  the  hlooii -velocity  (H) 
in  the  eorooary  arteriM  (Chauvenu  and  Rebntel):  a.  Marks  the  tiefitntiiiiK  of  the  ?vstule 
(therv  ia  a  riae  in  preosure  and  in  velocity):  6,  marks  a  t«crtnd  rL^  of  [>iT^Hurc  (A)  due  to 
the  eltMure  of  the  coronary'  capillaries  by  the  con(ractiti(t  vetitnrle  (at  this  mntnent  in  B 
the  velocity  falls  off  rapidly) :  c,  curve  iti)  shoivN  an  tncn*a^  in  velocity  due  to  the  open- 
ing of  the  small  coronary  \*ee«oU  at  the  beffiniiiriK  <>f  diantole. 

with  those  in  the  carotid  or  aorta,  and  records  of  the  velocity  of  the 
blood-flow  made  by  Rebatel  show  that  at  the  beginning  of  systole 
tlie  flow  in  the  coronaries  suffers  a  sudden  systolic  acceleration  as  in 
the  ciuse  of  other  arteries.  During  systole,  therefore,  the  mouths  of 
the  coronar\'  arteries  are  in  free  communication  with  the  aorta. 
But  the  coronaiy  system — arteries,  capillaries,  and  veins — is  in 
part  imbedded  in  the  muscidature  of  the  ventricles,  and  we  should 

♦Bee  Porter,  "American  Jourual  of  Physiology,"  1,  146,  18U8,  lor  di»- 
cusNon  and  literature. 
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supi^osf  that  tlie  ja;roat  pressure  exerted  by  the  contracting  muscu- 
lature would  at  the  height  of  systole  clanip  off  this  system  and  stop 
the  coronan'  circulation.  That  this  result  really  happens  is  indi- 
dicatcd  by  Rebate] 's  curves  of  the  velocity  of  the  flow  in  the  coro- 
nary arteries.  As  shown  in  Fig.  235,  the  great  acceleration  (a)  in 
velocity  at  the  l>eginning  of  systole  is  quicklv  follower!  by  a  drop  to 
zero  (b)  or  even  a  negative  value.— tliat  is.  a  flow  in  tfie  other  direc- 
tion, toward  tlie  aorta.  At  the  eml  of  the  first  (relaxation)  phase 
of  dittstole  there  is  again  a  sudden  increase  in  velocity  (c),  corre- 
sponding with  the  injection  of  the  arteries  from  the  aorta,  followed 
again  by  a  decrease  at  the  end  of  the  ditistole  at  the  time  when  the 
ventricular  ca\ity  is  filled  with  venous  blood  under  some  pn^ssure. 
Porter,  iiuia'over,  has  siiown  in  an  interesting  series  of  experiments 
that  when  a  piece  of  tlie  ventricle  Ls  kept  beating,  hy  supplying  it 
with  blood  through  its  nutrient  artery  from  a  reservoir  at  con- 
stant pressure,  each  systole  causes  a  jet  of  blood  from  the  sev- 
ered vessels  at  the  margin  of  the  piece.  In  fact,  the  rhythmical 
squeeze  of  its  own  vessels  (hiring  systole  accelerates  effectively  the 
coronarv'  circulation.  'J'hc  volume  of  lil^joil  flowing  through  the 
heart  vessels  increases  with  the  frequency  or  the  force  of  the  beat, 
since  each  systole  empties  the  coronary  system  more  or  less  com- 
pletely toward  the  venous  side  and  at  each  diastole  the  distended 
aorta  *|uickly  fills  the  empty  vessels. 

The  Suction-pump  Action  of  the  Beart. — So  far  in  con- 
sidering the  mechanics  of  the  circulation  attention  has  been  tlirected 
only  trv  the  forcc-pimip  actitm  of  the  heart..  All  of  the  energ\'  of  the 
circulation,  tfie  velocity  of  the  flow  and  the  internal  pressure,  has 
been  referred  to  the  force  of  contraction  of  the  ventricles  as  the 
main  cause,  and  to  certain  accessr>ry  factors,  such  as  the  respiratory 
movements  and  the  contractions  of  the  skeletal  muscles,  as  sul^sid- 
iary  causes.  It  is  possible,  however,  that  the  heart  may  also  act  j 
a  suction-pump,  sucking  in  blood  iwiu  the  venous  side  in  conse- 
quence of  an  active  dilatation.  According  to  this  view,  the  heart 
works  after  the  manner  of  a  syringe  bulb,  which  when  squeezed 
forces  out  liquid  from  one  eml  and  when  relaxed  sucks  it  in  from 
the  other  in  {(tnstMpieiice  of  its  elastic  dilatation.  VVhi!e  this  \'icw 
has  long  been  entertained,  modern  inlere-st  in  it  was  aroused  chiefly 
perhaps  by  the  experiments  of  Goltz  and  Gaule,  which  showed  that 
at  some  fxiint  in  the  heart  beat  there  is  or  may  Ije  a  strong  negative 
pressure  in  the  inicriur  of  the  ventricles.*  Their  method  consisted 
in  cormecting  a  manoiucter  with  the  interior  of  the  ventricle  and 
interposing  lx^twct^n  the  two  a  valve  that  opcncil  only  toward  the 
heart.    The    manometer   was    thus   con\'erted    into   a    minimum 

♦  For  a  complete  di»cusj*ion  of  this  subject  and  the  literature  see  the  ar* 
tide  hy  I^hstein.  *'  Die  Din^tole  des  Herzeiis,"  in  the  "  J:IrgebnUse  der  PhysH 
olopie,"  vol.  iii,  part  ii,  1004. 
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manomet<*r,  which  registered  the  lowest  pressure  reached  during 
the  period  of  observation.  By  this  method  they  and  others  have 
shown  tliat  in  an  animal  (dog)  with  an  opened  tliorax  the  pressure 
in  the  interior  of  the  ventricles  may  be  negative  to  an  extent  equal 
to  20,  30,  or  even  50  mms.  of  niercur\'.  Moreover,  by  the  use  of 
some  form  of  elastic  manometer,  such  as  the  Hiirthle  instrument 
(p.  495), it  has  t)een  shown  that  this  negative  pressure  occurs  at  the 
end  of  the  period  of  relaxation,  at  the  time,  therefore,  at  which  it 
might  be  supposed  to  exert  a  marked  inrttience  \i\K)n  the  inflow  of 

I  venous   blood.     It  should   be  added,   however,   that  a   negative 

I  pressure  can  not  be  shown  for  even-  heart  beat.  It  may  be  absent 
altogether  or  slight  in  amount,  varying,  no  doubt,  with  the  force  of 
contraction  and  the  conditiim  of  the  heart.     Physiologists  have 

lattempteii  U}  detemiine  the  cause  of  this  negative  jiressure  and  the 
extent  of  ita  influence  on  the  blootl-flow.  With  regard  to  the  first 
question,  ao  many  answers  have  been  proposed  that  it  is  ciifficult 
to  arrive  at  a  satisfactory'  opinion.  According  to  some,  the  heart 
tends  to  dilate  at  the  end  of  its  systole  by  virtue  of  its  own  elasticity, 
— that  is,  the  elasticity  of  its  own  musculature  or  of  the  connective 
tissue  contained  in  its  substance,  for  example,  l>eneath  the  en- 
docardium, in  the  walls  of  the  art^eries,  etc.  This  view,  however, 
finds  little  or  no  supp<*rt  from  direct  experiments  made  upon  the 
fresh,  living  heart.  If  such  a  heait  in  a  hhwulless  conditit)n  is 
squeezed  by  hand  there  rs  no  eviiience  of  an  elastic  recoil  as  in  the 
case  of  a  syringe  bulb.  Others  have  traced  the  expansion  of  the 
ventricle  and  the  resulting  negative  pressure  to  the  sudden  in- 

ijection  of  the  coronary  system  fnjni  the  aorta  at  the  beginning  of 
diastole.  The  heart  in  contracting  exerts  a  force  great-er  th;in  that 
of  the  blood  in  the  coronar>'  vessels^  and  pmbably,  therefore,  these 
vessels  are  emptied  and  their  cavities  oijlitcrated  in  part.     At  the 

'beginning  of  diastole  they  are  reinjected  with  blood  imdera  pressure 
of  perhaps  lUO  nuns,  of  mercur>',  and  this  fact  seems  to  offer  a 
probable  explanation  for  a  partial  dilat^ition  of  the  ventricular  ca\dty 
and  a  production  of  negative  pressure  in  the  brief  interval  before  the 
opening  of  the  auric ulo- ventricular  valves.  No  view,  however,  has 
met  with  general  acceptance,  and  the  cause  or  causes  that  produce  the 
negative  intraventricular  pressure  are  still  a  subject  for  investiga- 
tion. Regarding  the  second  <[uestion  proposed  al>ove, — namely, 
the  extent  of  the  influence  of  this  negative  pressure  on  the  flow 
of  venous  blood  to  the  ventricles, — much  diversity  of  opinion  also 
exists.     Direct  cxjK'riment.s  made   by   Martin   and   Donaklson  * 


•  Martin  and  DonalcUon.  "Studies  fmru  the  Biolojfical  Laboralorv.  Johns 
Hopkins   Univeraitv,"   4,  37.    1SH7;    also   Mjirtin'H  "Phy.siologionl    I*ap<*rs," 
Biiltimore,  1895.    !§«•  also,  for  conftrrnatory  resulLs,  von  den  Velden,  "Zeit- 
Bchnft  f.  exp.  Pathol,  u.  Thenipic,"  lyOG.  iii'.,  432. 
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indicate  that  this  factor  has  little  or  no  actual  influence  upon  the 
venous  flow.  These  authors  used  an  isolated  dog's  heart  kept 
beating  by  an  artificial  supply  of  blood.  At  a  given  moment  the 
stream  of  blootl  into  the  vena  cava  was  shut  off  and  the  auricle  of 
the  heart  was  brought  into  conunimication  with  a  U  tube  filled 
with  blood.  It  was  found  iliat  the  auricle  took  blood  from  this 
tube  only  ao  long  as  the  pressure  in  it  was  positive.  Although  the 
heart  continued  to  })eAt  vigorously,  whatever  negative  pressure  was 
present  in  the  ventricle  wiis  unable  to  suck  any  blood  into  the 
auricle  from  the  U  tube.  Porter*  also  has  shown  that  at  the  time 
of  a  strong  negative  pressure  in  the  ventricle  the  auricle  may  givei 
little  or  110  evidence  of  a  similar  fall  in  pressure.  It  would  seem 
most  probable,  therefore,  that  the  negative  pressure  ol>scrvcd  under 
cert4iin  conditions  in  the  ventricles  is  a  fleeting  phenomenon,  and 
disapjjeJirs  with  the  entrance  of  the  first  portion  of  the  liitHMl  from 
the  auricles.  While  it  may  be  of  value  in  accelerating  the  opening 
of  the  auriculo-ventricular  valves,  its  influence  does  not  extend  to  an 
actual  suction  of  the  blood  from  the  veins  toward  the  heart. 
OthiT  autiiors,  however,  on  theoretii^al  grounds  attribute  more 
actual  im]>ortance  to  the  negative  ]>ressure  as  a  factor  in  moving 
the  blood.  In  one  respect  it  would  seem  that  the  contractions  of 
the  ventricle  muHt  exert  a  direct  influence  in  accelerating  the  in- 
flow of  venous  blood  into  tlic  heart.  In  the  paragraph  upon  the 
venous  pulse  (p.  528)  it  will  l)e  recalled  that  the  steep  fall  of 
pressure  in  the  auricles  inmie<liatoly  after  the  c  wave  is  attributed 
mainly  to  the  fact  that  the  contracting  ventricles  pull  the  flow  of  the 
auricles  downwani  toward  the  apex  as  the  blood  is  discharging 
from  the  ventricular  cavities  into  the  aorta  and  pulmonary  artery. 
This  action  for  a  brief  period  must  exert  a  suction  effect  in  drawing 
blood  from  the  veins  into  the  auricles. 

Occlusion  of  the  Coronary  Vessels. —  The  coronary  vessels^ 
supply  the  Mssues  of  the  heart  with  nutritirm.  including  oxygen, 
80  that  if  the  circulation  is  interrupted  the  norn^al  contractions  soon 
cease.  The  branches  of  the  large  coronaries  form  what  are  known 
as  terminal  arteries, — that  is,  each  supplies  a  separate  region  of  the 
muscidature,  and  although  anastomoses  may  exist  they  appear 
to  be  too  inef)nii)let«  to  allow  n  collateral  circulation  to  be  est-ab- 
lished  when  one  of  the  main  arteries  is  occluded.  The  portion  of 
the  heart  supplied  by  it  dies,  or  to  use  the  pjathological  term,  under- 
goes necrosis.  On  account  of  the  pathological  interests  involved — 
the  known  serious  results  that  may  follow  tjcchision  of  any  of  the 
coronar>'  vessels  or  even  any  intcTference  with  tin*  normal  structure 
of  the  vessels — a  numl>erof  investigations  have  been  miule  u|)on  ani- 
mals to  determine  the  effect  of  occluding  oneor  more  of  the  coronary 
•  "Journal  of  PhysioloKy/'  13,  513,  1892. 
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vessels,*  It  would  seem  from  Porter's  experiments  that  the  results 
of  such  an  operation  vary'  accordine:  to  the  size  of  the  area  deprived 
of  its  blood.  WTien  the  arteria  sepli  alone  was  occluded  the  heart 
was  not  affected,  when  the  arteria  coronaria  dextra  was  o<^chided 
the  ventricular  contractions  were  arrested  in  IS  per  cent,  of  the 
cases  observed.  Occlusion  of  the  ramus  descendens  of  the  left 
coronary  arterj'  caused  arrest  of  the  ventricles  in  50  f^er  cent,  of  the 
cases,  wliile  occlusion  of  the  circiunflex  branch  of  the  same  arter>' 
causetl  arrest  in  SO  per  cent,  of  the  cases.  Ligation  of  three  of  the 
arteries  caused  stoppage  of  the  heart  in  all  cases. 

Fibrillary  Contractions. — The  arrest  of  the  ventriclan  in  the 
oxixTiments  ju.st  described  followed  immediately  or  within  a  *hort 
period,  and  the  ventricU's  went  into  fibrillary  I'ontrartion;?.  In  this 
curious  condition  the  vari<jus  iibc^rs  of  the  ventricular  nujscle,  in- 
stead of  contracting  together  in  a  co-ordinateil  fashion,  contract 
separately  jmd  irregularly;  so  that  the  surface  of  the  ventricle  has 
the  appearance  of  a  vil.>ratinK*  tuitehing  m^is^.  Such  a  condition 
in  the  ventricle  is  usually  fatal — that  ]t>^  the  musculature  is  not  able 
to  recover  its  ro-ordinate<l  movement.  Thi.s  condition  may  come 
on  with  great  suddemiess  as  the  result  of  occlusion  of  the  arteries, 
of  injury  to  certain  parts  of  the  heart,  or  from  strong  electrical 
stimulation.  Fil>rillati(^n  of  the  auricles  also  occurs  frequently 
uijfler  experimental  conditions,  ami,  indeed,  in  the  hunuin  heart  ap- 
parently under  pathological  conditions.  When  the  auricles  are 
thrown  into  fibrillation  by  experimental  means  the  ventricles  con- 
tinue to  beat,  but  in  an  irregular  manner  similar  to  a  condition 
sometimes  ol)served  in  man  and  described  usually  under  the  term 
jntlsiis  m'egiifuris  jurpetutts.  There  is  reason  to  believe  that  this 
conilition  in  man  is  attriiinta)>le  to  a  hl>rillation  of  the  aurieles^t 
The  caui^  of  the  suiiden  change  from  co-ordinati'il  to  fibrillary  con- 
tractions has  never  been  satisfactorily  explained.  It  has  been 
suggested,  on  the  one  hand,  that  it  is  due  t^)  some  alteration  in  the 
nonna!  process  (»f  <-onduetion,  the  interposition  of  partial  or  com- 
plete blocks  in  the  course  of  the  excitation  wave,  and,  on  the  other, 
that  it  is  caused  by  the  independent  fommtiiMi  of  impulses  in 
many  foci  throughout  the  canliac  niu>:culature, 

•For  a  description  of  results  nnii  the  litenitiirc  see  Pirrtcr.  ''Jourrml  of 
PhysioloRj',"  15,  121,  isyS;  also  "Journal  of  Experimental  MtHlioiiit?,"  I,  1, 
18%. 

t  Cuahny,  "Amorican  Journal  of  the  Medical  Sciences/'  June,  1911. 


CHAPTER  XXIX.  | 

THE  CAUSE  AND  THE  SEQUENCE  OF  TEffi  HEART 
BEAT— PROPERTIES  OF  THE  HEART  HUSCLE 

General  Statement. — ^The  cause  of  the  heart  beat  has  natunllT 
constituted  one  of  the  fundamental  objects  of  physiological  inquin*. 
The  various  views  that  have  been  prof>osed  in  different  centuries 
reflect  more  or  less  accurately  the  advancement  of  the  science. 
With  each  new  discovery  of  general  significance  a  new  point  of  \iew 
is  obtained  and  the  theories  of  the  heart  beat,  like  those  of  the  otha 
great  problems  of  physiology,  shift  their  standpoint  from  generation 
to  generation.    The  general  modem  conception  of  this  problMn 
is  referred   usually  to  Haller  (1757),  who  first  taught  that  the 
activity  of  the  heart  is  not  dependent  on  its  connections  with  the 
central  nervous  system.    As  we  shall  see,  the  heart  beat  is  controlled 
and  influenced  constantly  by  the  central  nervous  system,  but  nevCT- 
theless  the  important  point  has  been  established  beyond  question 
that  the  heart  continues  to  beat  when  all  these  nervous  connections 
are  severed.    The  central  nervous  system  regulates  the  activity  of 
the  heart,  but  has  nothing  to  do  with  the  cause  of  its  rhythmical 
contractions.    The  heart,  in  other  words,  is  an  automatic  organ. 
When  in  1848  Remak  discovered  that  ner\'e  cells  are  contained  in 
the  frog's  heart  it  was  natural  that  the  causation  of  the  beat  should 
be  attributed  to  this  tissue.    Subsequent  histological  work  has 
demonstrated  the  existence  of  numerous  nerve  cells  in  the  substance 
of  the  heart  tissue  of  all  vertebrates,  and  the  view  that  the  au- 
tomaticity  of  the  hejirt  is  due  in  reality  to  the  properties  of  the 
contained   nerve   cells   was   the   prevalent   view   throughout   the 
middle  and  latter  part  of  the  nineteenth  centur\%     In  the  latter  part 
of  the  centur>^  an  opposite  view  arose, — namely,  that  the  muscular 
tissue  of   the  heart   itself   possesses  the   property   of   automatic 
rhythmical  contractility.     Both  these  |X)ints  of  view  persist  to  day. 
The  theor>'  that  refers  the  automaticity  of  the  heart  beat  to  the 
contained  nerve  cells  is  designated  as  the  neurogenic  theory  of  the 
heart  beat;  the  one  that  refers  this  property  to  the  muscle  tissue 
itself  is  known  as  the  myogenic  theor>'.     Beyond  this  question  lies 
the  still  deeper  problem  of  the  explanation  of  the  automaticity 
itself,  the  caase  or  causes  of  the  rhythmical  excitation*  wheth^ 
occurring  primarily  in  the  muscle  cells  or  in  the  nerve  cells. 
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The  dividing  line  between  the  ancient  and  the  modem  views  nf  the  heart 
beat  is  found  in  the  work  of  Wilhnm  Harvey  (U>2JS).  Ik'fore  his  time  physi- 
cians thought  along  the  lines  laid  down  by  the  ancient  nm.slers.  HipjxH^ratca, 
Aristotle,  and  Gulen,  in  tliat  they  believed  that  the  diivstole  of  tlie  lieart  is 
the  active  part  of  the  beat.  They  believed  that  the  lieart  tliJatrd  at  the  mo- 
ment of  the  apex  beat,  the  dilatation  being  due  to  the  ini|ilantoil  heal,  the 
vital  spirits,  a  Sf)ecial  piilsatiU-  foroe,  ele.  The  arteries  tlilfiti:^l  ui  the  same 
time  for  a  similar  reason.  For  a  perio*!  of  over  two  tlitiusand  years  men's 
minds  were  eo  cbainctl  to  tliis  Ulief  that  they  apparently  could  take  no  other 
view.  Harvey,  however,  had  the  boldness  imd  oripmility  to  look  at  the 
matter  differently.  He  saw  and  proved  that  the  active  movirnent  nf  the  heart 
is  a  contraction  liuring  sj'stolc,  wliich  (irivcs  blood  out  of  the  ventrieles  into  the 
arteriefs,  and  conseLiuenily  that  the  pulse  of  the  arteriei;  is  n<K  due  to  their 
active  ctihitation,  but  to  a  i-Ustension  by  the  blood  forced  into  them.  Harvey 
may  be  con.sitlerei-l  al^o  as  the  founder  of  the  myogenic  tlieory  of  the  lieart 
l:»ea't.  Kor  although  he  did  not  sfK'culate  ooneeminjr  Hie  eauw^  of  the  beat, 
he  taught  that  the  systole  is  an  active  eontrnetion  of  tlie  heart's  own  niuwcu- 
lature  not  ilcpendent  upon  any  external  influence.  In  the  t^iiiiie  ctnturj'  the 
first  neurogenic  hypoihesia  vcas  fomiulaied.  AVillis  cimn/ived  \\\ui  the  cere- 
Itellum  controls  tlie  activity  of  the  invnhmtary  ((r^'an?;.  inehirlin^  the  heart. 
The  animal  *>pirit^  engcntlercd  in  the  cer('l)tlhim  wtre  conveyed  to  the  heart 
by  the  vairus  nerve  anti  caused  its  beat.  BorcUi  formulated  a  soniewliat 
different  view.  According  to  liim  the  nerve  juice,  suceus  gpirituosus,  elidio- 
ratcd  in  the  central  nervou.s  system  was  transmitted  to  the  heart  through  the 
canliac  ncr^•e5  and,  di.stilling  slowly  into  the  nuiFculature.  set  up  an  cliullition 
whicli  caused  an  active  expansion  of  the  fil>ers.  Thin  evimnwion  con.sJituted 
the  sj'stole  and  drove  the  olood  out  of  the  heart.  Hoth  of  these  views  were 
difiproved  or  rendereti  improbable  largely  by  the  work  of  Huller,  who  in  1757 
pubhslicd  the  second  myogenic  theor>'  in  a  form  which,  somewhat  modified, 
prevails  to-tlay.  Hallcr  bi-lieved  that  tlte  conlnict  ion  of  the  lieart  is  due  to  the 
inherent  irritability  of  its  uuiHculature,  ami  that  the  venous  blood  as  it  enters 
the  heart  stimulates  it  to  contraction.  UaUer's  views  were  generally  acc*-pted 
for  sr>nie  years,  hut  Fonie  physiologists  continue^l  to  believe  that  the  neart  oeat 
ifi  controlled  directly  by  the  central  nervous  p-ystem.  This  theory  found  its 
mast  definite  expres.si(m  in  the  work  of  I-e'gallois.  ISTJ,  who  advanced  what 
may  1m;  calleii  the  sicoml  neurogenic  hyjKJthesis.  From  experiment**  made 
njxm  :Lnima]s  he  concluded  that  the  principle  or  force  that  causes  the  heart 
beat  is  formeil  in  the  spinal  cord,  in  all  of  it^  parts,  and  reaches  the  lieart 
through  the  branches  of  the  tyinijathetie  ner\*esui)plyingtliis  orgnn.  I^-gaUois's 
conclusions  were  soon  ehown  In  be  erroneous,  but  the  general  view  advocated 
by  him  wris  entertained  by  sonic;  as  late  as  the  mitUKe  of  the  With  century, 
in  fact  until  e\[)erimental  physiology  luul  demonstratetl  the  true  functions 
of  the  vagus  and  acct-leratur  ncrv<'>i  with  rrfcrtiTicc  to  the  heart.  Toward  the 
mi<ldle  of  the  I'.Hh  centurj'"  a  third  form  of  netirogenic  hyiwthesis  aro.s<\  wluch 
in  the  beginning  seems  to  have  been  ilue  to  the  work  or  the  system  of  Bichat. 
According  to  this  author  the  gangtiouie  or  sympathetic  syttteju  supplies  the 
tiseues  of  the  organic  life,  meaning  thereby  tfie  visceral  organs  whicli  are  not 
under  the  direct  influence  of  the  will.  In  1844  Hemak  (iiseovered  that  the 
heart  possesses  intrinsic  nerve  eanglia,  and  this  fact  seems  to  have  induced  most 
physioloiensts  to  believe  that  tliese  ganglia  constitute  a  motor  center  for  the 
neart,  initiating  am!  eo-nnlinating  lis  beat.  For  a  i>enod  of  forty  years  this 
form  of  the  neurogenic  hyfiKithesis  enjoyed  almost  universal  acceptance.  In 
IS8I-K5  Guskell  publislKMi  exijoriments  upon  the  heart  of  the  frog  and  tortoise 
in  wtiieh  be  gave  str<in;c  reason-*  for  l>elicving  that  the  beat  is  myogenic  in 
origin,  and  that  the  intrinsic  ganglia  arr*  simply  a  part  of  the  inhibitorj'  ap- 
paratus of  the  heart.  .Since  that  time  many  pliysiologist*J  have  adopted  the 
myogenic  view,  and  the  current  arguments  {ending  to  support  this  riitlier  than 
the  neurogenic  hypothesis  are  pres<'ntetl  in  the  text.  The  most  significant 
addition  to  our  knowledge  of  tlte  cause  of  the  heart  beat  made  during  the 
last  quarter  of  a  centui^'  is  the  discovery  that  the  inorganic  salta  of  the  blood 
and  lymph  play  a  special  and  essential  role,  The  facts  bearing  upon  this 
iDt«resting  discovery  are  sutiSciently  described  in  the  text. 
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The  Neurogenic  Theory  of  the  Heart  Beat. — ^The  literature 
upMjn  this  topic  is  very  large.*  The  neurogenic  theor>*  has  suffered 
some  changes  in  its  details  since  first  projiosed  by  Volkmann, 
piirtifularly  in  the  sjiwific  functions  assigned  to  the  different  ganglia 
that  exist  in  tlie  heart.  In  general,  however,  the  tlieory  assumefl 
that  the  excit^ition  to  each  heat  arises  within  the  nerve  cells,  and 
since  the  cardiac  cycle  begins  with  a  contraction  at  wluit  may  \ye 
called  the  venous  end  of  the  heart, — that  is,  at  the  junction  of  the 
veins  with  the  auricles.— it  is  assumed  that  the  excitation  or  inner 
stinuihis  arises  in  the  nerve  cells  situated  in  this  region.  The?«?  cells 
constitutCt  therefore,  what  may  l)e  called  the  automatic  motor 
center  of  the  heart.  The  stimuli  generated  within  it  are  transmitted 
through  it-s  axons  first  to  the  iniisculature  of  the  venoiis  end  of 
the  heart.  The  subsequent  orderly  march  of  this  contraction,  to 
auricles  and  then  to  ventricles,  is  also  upon  this  theory^  usually 
attributed  to  the  intrinsic  nerve  cells  and  fibers.  Through  a  definite 
mechanism  the  impulses  generated  in  the  motor  center  are  trans- 
mitted to  subordinate  nerve  centers  throvigh  which  (he  auricles  are 
excited,  and  then  to  other  nerve  cells  lying  in  or  near  the  auriculo- 
ventriculnr  groove  or  to  the  nervous  tissue  in  the  auriculoven- 
tricular  bundle  through  which  the  ventricles  are  excited.  In  this 
form  the  theory  assumes  for  the  heart  an  intrinsic  central  ner\'- 
ous  s^'stein,  as  it  were,  with  a  principal  motor  center  in  which 
the  proi>erty  of  automaticity  is  chieHy  develo[>cd  and  subordinate 
centers  whose  activity  usually  dejiends  upon  the  principal  center, 
but  which  may  show  automatic  projjerties  of  a  lower  order  if  the 
connections  lietween  them  and  the  main  center  are  interrupted. 
This  intrinsic  nervous  system  is  responsible  not  only  for  the  si>on- 
taneous  origination  and  normal  sequence  of  the  beiit,  but  also  for 
its  co-ordination.  The  many  muscular  fibers  of  the  ventricle 
contract  normally  in  a  definite  niunner  and  sequence,  so  that  their 
effect  is  summatal.  Under  altnoiinal  conditions  the  fibers  may 
contract  irrcKuhirly.  Riving  the  so-called  fibrillary  contractions  of 
the  lic:irt,  whicli  arc  inco-ordiiKiii'd.  It  may  \}v  sai<l  that  this  cim- 
ception  uf  the  crjunectioris  of  the  intrinsic  nervous  system  rests 
mainly  ujmn  deiluctinns  from  physiologicaJ  ex[)eriments.  The 
histological  details  regarding  the  connections  of  the  nerve  cells  in  the 
heart  are  not  yet  sufficiently  known,  but  it  can  not  be  said  at  present 
that  they  give  any  fiositive  support  to  such  a  view,  In  regard  to 
the  ncumgcnic  (hcorj*  the  following  general  statements  may  be  made: 

1.  Most  of  the  very  numerous  facts  known  regarding  the  heart 

•  For  general  prpsentatioiw  from  difTorent  standpoints  see  Gaskell.  article 
on  "The  Contniction  of  Cardiac  Musrle,"  in  Scliivfrr's  "Text-book  of  Physi- 
olojn%"  vol.  ii,  1900;  LanKcndnrff,  **HorziiJuskcl  und  intrakardJale  Inner\'ft- 
tio?'  in  "KrK*'hni!we  der  PliysinloKi/'."  vol.  i,  pjirt  rr.  ^^\^y2;  and  Cyon.  "h'innpr- 
vation  du  cot-tir,"  Utchft*H  "Diriioiinjuredu  Physiologie/*  vol.  iv,  1000;  Flack, 
in  HiU's  "Furthi-r  .Vdvancft*  in  Pbvaiolog>',"  VXkl  53. 
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beat  and  its  variations  under  experimental  conditions  may  be 
explained  in  terms  of  the  theory,  or  at  least  do  not  eontradict  it. 
The  same  statement,  however,  may  l)c  made  regarding  the  myogenic 
theon'.  Both  theories  may  be  a[>j>lied  successfully  from  a  logical 
standpoint  to  the  explanation  of  known  facts. 

2.  No  single  fact  is  known  which  can  be  cited  as  positive  proof 
that  the  nerves  participate  in  the  producti<in  of  the  normal  beat 
of  the  vertebrate  heart.  The  exjx^riment  by  Ivronecker  and  8chmey 
i&  sometimes  given  this  significance.  'J'hese  observers  have  shown 
that,  when  a  needle  is  thnist  into  a  certain  spot  in  the  dog's 
ventricle,  the  rep:u!ar!y  contracting  heart  falls  suddenly  into  fibril- 
lar>'  contractions  so  far  as  the  ventricles  are  concerned-  The  ex- 
periment is  certainly  a  striking  and  interesting  one.  The  needle 
may  be  thrust  many  times  into  certain  portions  of  the  muscular 
mass  without  affecting  the  powerful  co-ordinated  contractions, 
but  in  the  region  specified  by  Kronecker  a  single  puncture,  if  it 
reaches  the  right  spot,  causes  the  ventricle  to  fall  into  irregular 
fibriUary  twitches  from  wliich  it  does  not  recover.  The  sjXFt 
as  described  by  Kronecker  is  along  tlie  line  of  the  septum  at  t!ie 
lower  border  of  its  upper  third.  The  exj>eriment  frequently  fails; 
and  it  would  seem  that  there  must  be  a  definite  anti  quite  circuin- 
8cril)€d  structure  whose  lesion  produces  the  effect  descril>ed.  We 
have  no  evidence  as  yet  what  tliis  structui-e  is,  aiul  are  therefore  in 
no  condition  to  make  positive  inferences  with  regard  to  the  bearing 
of  the  experiment  upon  the  origin  of  the  heart  iieat.  Carlson* 
has  describe^d  experiments  upon  the  heart  of  the  horseshoe  crab 
(Limulus)  which  seem  to  show  conclusively  that  in  this  animal 
the  rhythmical  contractions  are  depemlent  upon  the  intrinsic  nerve 
cells.  These  latter  are  placetl  superficially,  forming  a  cord  that 
runs  the  length  of  the  tubular  heart.  When  this  cord  is  removed 
the  heart  cease-s  to  l>eat.  There  are  reasons,  however,  which  at 
present  make  it  doulitful  whetlier  we  can  apply  the  results  of  this 
experiment  to  the  vertebrate  heart.  The  cnistacean  heart  <iiffer8 
from  the  vertebrate  heart  in  its  fundamental  properties;  unlike  the 
latter,  it  has  no  refractory  period  (see  p.  575),  can  be  tetanized,  and 
gives  submaximal  contraction.s.t  It  is  a  tissue,  therefore,  that 
resembles  in  its  properties  ordinary'"  skeletal  mnsrie  in  the  verte* 
brate,  and.  like  this  muscle,  it  seems  to  lie  lacking  in  automaticity. 
Carlson's  experiments  give,  however*  another  instance  of  automatic 
rhythmicity  in  nerve  tissue,  and  to  that  extent  support  the  neuro- 
genic theory. 

The  Myogenic  Theory  of  the  Heart  Beat.— The  myogenic 
theory  iuus  been  developed  cliietly  by  Claskell  and  by  Engelmann. 

♦Carlson,  "  A  men  c  mi  Journal  of  Phyaioloay,"  12,  67.  aiKl  471,  1905, 
t  Hunt.  Bookman,  and  Tiemev,  " dentralblatt  f.  Physiologie,"  11,  276, 
1897. 
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It  assumes  that  tho  heart  muscle  itself  possesses  the  property  rf 
automatic  rhythniicity  and  that  this  property  is  most  highly  d^ 
veloped  at  the  venous  end.  This  portion  of  the  heart,  thejt'forp, 
contracts  first  and  tht-  wave  of  contraction  spread,s  directly  to  tie 
tTiusculalun^  of  the  auricle  and  thence  through  the  auriculoven- 
tricular  bimdie  tci  that  of  the  ventricle.  The  quickjy  beating 
venous  end  sets  the  pace,  as  it  were,  for  the  entire  heart.  The 
nerve  cells  and  nerve  fibres  that  are  present  in  the  heart  arc  ujxtD 
this  theory  supposed  to  he  connecte*!  "with  the  extrinsic  nen'w 
throup;h  wliich  the  rate  antl  force  of  the  heart  heat  are  reguUtd, 
hut  they  are  not  concerned  in  the  production  of  the  l»eat.  Many 
experimental  facts  have  been  accumulated  which  give  prohability 
to  this  \'ie'vv,  an^I  it  hius  been  adopted  by  many,  perhaps  niost.frf 
the  recent  wurkers  in  this  fiekl.  Some  of  the  facts  that  favor  this 
tiuH^ry  are  arc  a-s  follows: 

1.  The   anatoinical    armngement   of   the    miiscuJature  of  the 
heart  is  not  opfW)sed  lo  such  a  theory.    It  was  formerly  state<i  quite 
fxjsitively  that  there  is  no  muscular  connection  l>etween  the  auripleB 
and  ventricles  in  the  mammalian  heart,  but  we  now  know  tliat 
these  two  parts  of  the  heart  are  connected  through  a  pn'ulitf 
system  of  muscular  tissue,  the  auriculovenlricular  bundle  and  its  1 
ramiticalions.     It  may  be  accepted  also  that  the  wave  of  excitation   ' 
from  the  sinus  inul  of  the  heart  parses  along  this  system.     All  the 
detectaiile  nerve  trunks   crossing   the  auriculoventricular  groove 
may  be  cut  without  altering  the  sequence  of  the  heart  beat,  but 
section  or  compression  of  the  A-V  bundle  brings  on  at  once  the  ! 
condition    of   dissociated    h4'art^rhytbni    known    as    heart    block-  j 
The  auriculoventricular  bundle  c<>ntains  nerve-fibers  as  well  fi3\ 
muscle-fibers,   and   the   advocates   of   the  neurogenic   hj'pothesiaj 
make,  therefore,  the  somewhat  improbable  claim  that  these  par*! 
ticular  nerve-fibers  of  all  tliose  that  pass  l»etween  auricle  and  ven- 
tricle are  the  only  ones  concerned  in  the  conduction  of  the  normal 
stimulus  from  auricle  Ut  ventricle. 

2.  The  fact  that  a  contraction  started  at  one  part  of  the  heait 
may  travel  to  other  portions  through  the  intervening  musculaturti 
may  l>e  said  to  he  demonstrated.  Thus,  Engelmann  has  showm 
that  if  the  ventri4*le  in  the  fnig's  heart  is  cut  in  a  zigzag  fashionj 
so  that  strijxs  are  obtained  which  are  conneete<i  only  by  nArroW 
bridges,  a  stimulati(Ki  applied  at  one  ejid  stjirts  a  wave  of  eonnj 
traction  which  propagates  itself  over  ail  of  the  pieces.  This  am' 
similar  experiments  scarcely  permit  of  explanation  on  the  eu 
tion  that  conduction  from  piece  to  piece  is  effected  by  a  d 
nervous  mechanism.  So  Uxi  it  has  been  shown  that  under  certaii 
conditions  the  nonnal  auriculo-ventricular  rhythm  can  lie  char 
at  will  to  a  ventriculo-auricular  rhythm.  If,  for  instance,  a  ligatu; 
be  tied  around  the  frog's  heart  between  the  sinus  venoeus  and  t 
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auricle  (first  ligature  of  Stannius)  the  auricle  and  ventricle  cease 
U)  beat.  In  this  quiescent  condition  a  slight  mechanical  stinnilua 
to  the  ventricle  causes  it  to  l>eat  anil  its  contniction  is  immediately 
followed  by  that  of  the  auricle-  A  similar  revei*sed  rhythm  may  be 
obtained  from  the  mamrnaliun  heart  under  suitable  conditions. 
Such  an  experiment  makes  it  most  probable  that  the  contraction 
•  is  propagated  from  one  ciiaml>er  to  the  other  tliret-tly  through 
the  muscular  conuortions.  It  is  not  possible  at  i>resont  to  roiu-eive 
that  a  definite  mechanism  of  neuix)us  should  wiirk  thus  in  either 
direction. 

3.  There  is  much  probable  proof  that  the  heart,  muscle  tissue 
possesses  the  projierty  of  automatic  rhythmical  contractions.  Ex- 
periments, iniiiated  by  Gaskell  imd  since  extended  by  numerous 
observers,  show  that  in  the  cold-blooded  animals  strips  uf  heart 
nmscle  taken  from  various  parts  of  lh(*  heart  will  under  proper 
conditions  develop  rhythmical  contractions.  It  is  very  imj>robable 
that  each  of  these  strips^  no  matter  how  made,  contains  its  own 
nvsident  nerve  cells  or  nerve  tissue^  which  act  as  a  motor  center. 
These  results  seem  to  dciTmnatrate  an  inherent  property  of  rhythm- 
icity  in  cardiac  muscle,  whether  or  not  this  rhythniicity  is  directly 
responsible  for  the  normal  beat. 

4.  It  has  been  shown  that  in  the  embryo  chirk  the  heart  pul- 
sates normally  before  the  nerve  eeils  have  growm  into  it.  IVIore 
recently  it  has  been  demonstrated  that  portions  of  the  heart- 
muBcIe  may  be  removed  from  the  t^mbryo  and  be  kept  alive  in  a 
blood-plasma  medium*.  Isohiteil  j>ieres  uf  this  kind  continue  to 
beat  and  to  umlerpjo  multiplication  and  differeutiation,  giving  rise 
to  isolated  musc!o-cells  which  exhibit  rhythmic  oontraetility. 
This  result  indicates  very  clearly  that  the  embryonic  heart  muscle 
is  capable  of  automatic  eontractihty.  It  is  possifile  of  course 
that  at  a  later  stage  of  development  this  projxrty  may  be  lost  by 
the  musele.  but  it  is  ptThni>s  uutrc  prolwtble  that  the  proi)erty  is 
retiune^l  in  some  degree  tliroufihout  life,  the  greatest  power  of 
rhythmicity  being  exhibittnl  !>y  the  least  differentiated  tissue  in 
the  venous  end  of  the  heart,  the  si  no-auricular  node,  in  which  the 
heart  beat  originates. 

Automaticity  of  the  Heart. — As  was  .^iiid  above,  the  ques- 
tion of  the  cause  or  causes  of  the  automatic  rhythmical  con- 
tractions must  be  sought  for  whether  the  phenomenon  turns  out  to 
be  a  property  of  the  muscular  tissue  or  of  the  nervous  tissue  of  the 
heart.  WheTi  we  sny  that  a  given  tissue  is  automatic  we  uu'an 
that  the  stimuli  which  excite  it  to  activity  arise  within  the  tissue 
itself,  and  are  not  brought  to  it  through  extrinsic  nerves.  In  the 
heart,  therefore,  we  assiune  that  a  stimukis  is  continually  being 
•  BurrowB,  "Science,"  36,  90.  1912. 
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produced,  antl  we  speak  of  it  nn  the  inner  stlmttlus.  Experiment  and 
Bpcrulation  have  been  directetl  toward  unravelinK  the  nature  of 
this  inner  stimulus.  Most  of  the  physiologist.s  who  have  expressed 
an  opinion  ui>on  the  suhject  have  sought  an  exphination  in  the 
couifiosition  of  the  blood  or  lymph  bathing  the  heart  tissue,  or  in  the 
protiucts  of  metaholisnt  of  the  tissue  itself.  Regarding  this  latter 
view  there  is  nothing  of  the  nature  of  direct  experimental  evidence 
in  its  favor.  No  product  of  the  metabolism  of  the  heart.  tLssue 
eapnblo  of  exerting  this  stimulating  effei-t  has  been  isolated.  In 
regard  to  the  former  view,  that  the  inner  stimulus  is  connected 
with  a  definite  composition  of  the  bloml  or  lymph,  there  ha.s  been 
considerable  experimental  work  which  is  of  fundamental  sipiifi- 
cance.  While  the  older  jihysinloi^i.'^ts  paid  attention  mainly  to  the 
organic  substances  in  the  blootl.  it  ha.s  l^een  Bho\\'n  in  recent  years 
that  the  inorganic  salts  are  the  elements  whose  influence  upon 
the  heart  l>eat  is  most  striking.  These  salts  are  in  solution  in  the 
liquid  of  the  tissue,  anfl  are  therefore  probably  more  or  less  com- 
pletely dissociated.  Attention  has  l>een  tiirected  mainly  to  the 
influence  of  the  cations,  of  which  three  are  especially  iniportant, 
— namely,  the  sodium,  tlie  calcium,  anil  the  potassium. 

The  Action  of  the  Calcium,  Potassium,  and  Sodium  Ions  in 
the  Blood  and  Lymph, — It  has  long  been  known  that  the  heart 
of  a  frog  or  terrapin  may  l>e  kept  beating  normally  for  hours  after 
removal  from  the  body,  provideti  it  is  supplied  with  an  artificial 
circulation  of  blood  or  lymph,  so  arranged  that  this  liquid  enters 
the  heart  through  the  veins  from  a  reservoir  of  some  sort  and  is 
pumped  out  through  the  arteries  leading  from  the  ventricle.  It 
was  first  shown  by  Menmowicz,  working  under  Ludwig*8  direction, 
that  an  aqueous  extract  of  the  ash  of  the  blood  possesses  a  similar 
action. 

Ringer  afterwards  proved  that  the  frog's  heart  can  be  kept 
beating  for  long  [M^riods  upon  a  mixture  of  sodium  chlorid,  potassium 
chlorid,  and  calcium  phosjihate  or  chlorid,  and  he  laid  especial 
stress  upon  the  imiKirtanco  of  the  calcium.  This  work  was  after- 
wards ronfirmeil  and  extended  by  others,  who  attempted  to 
analyze  the  part  played  by  the  .several  ions.*  If  a  fi*og's  or  a 
terrapin's  heart  is  foil  with  a  solutitin  of  physiolcjgifal  saline 
(NaCl,  0.7  per  cent.)  it  l>eats  well  for  a  while,  but  the  l>eats 
soon  weaken  and  gradually  fade  out.  If  in  this  condition  the 
heart  is  fed  with  a  proper  mixture  of  sodium,  potassium,  and 
calcium   chlorids   it   l>eats   vigorously   antl   well   for   very   many 


*  For  literature  and  discussion  see  Howell.  "American  Journal  of  Ph>'s- 
iology,''  2.  47,  1808,  ami  (i.  181,  19()1,  iiiic]  "Journal  of  the  Aineripiin  Medical 
Awociation/'  1006.  llurridgfi,  "Quurterly  Jouniid  of  Exp.  Phvsiologj*,"  5, 
347,  1912. 
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^koQiB.  A  eolution  containing  these  three  salts  in  proper  propor* 
fioos  is  known  usually  as  llinger'.s  mixture.  The  exact  com- 
potttioti  has  been  varied  by  differt^nt  workers,  but  fnr  the  heart 
of  the  frog  or  terrapin  the  following  composition  is  most  effective: 

K^Ca =   0.7      per  c?«nt. 

KCI =  0.03     "       " 

CaCI «=  0.026   "       " 

The  addition  of  a  trace  of  alkali,  HNaCOa,  0.003  per  cent., 
often  increaaes  the  effectiveness  of  the  solutitm.  but  it  cannot  be 
considered  an  essential  constituent  in  the  samt*  sense  as  sodium, 
potassium,  and  calcium.  It  has  been  show-n,  moreover,  that  even 
thp  mammalian  heart  can  be  kept  boating;  for  lonp  periods  when 
feii  u-ith  a  Ringer  solution  if  provision  is  matio  for  a  larger  supply 
of  oxypen  than  can  be  oJ>t:une<I  by  sim]ile  exposure  to  the  air. 
For  the  irrigatijii  of  the  isDluted  nuuiuiialiuu  heart  different 
[fcnns  of  Ringer's  solution  have  been  employed,  but  the  mixture 
looet  frequently  used  is  that  reconnneudeil  by  I^ocke,  consisting 
FrfNaCI,  0.9  per  cent.;  CaCI^,  0.024  per  cent.;  KCI,  0.042  per 
cent.;  NaHCO,,  0.01  to  0.0:>  per  cent.;  and  dextrose.  0.1  per  cent. 
The  solution  is  fed  to  the  heart  under  an  atmosphei'c  of  oxygen, 
and  with  this  solution  Locke  and  others  have  kept  the  mununaliaa 
ketrt  beating  for  many  hovirs.  The  dextrose,  while  not  essential 
to  the  action  of  the  irriK.'itinp  liquid,  increases  its  efficiency,  and 
b)cke*  has  shown  that  the  sugar  is  app:irently  utilized  by  the 
ijeart,  since  a  cousiderul>le  aimnuit  disuppL'ars  from  the  solution 
when  the  heart  is  beating  strongly.  The  general  fact  that  comes 
out  of  these  experiments  is  that  th<'  heart,  can  heat  for  vcr>'  long 
pt'riods  upon  what  has  been  calletl  an  inorganic  diet,  More4>ver, 
the  salts  that  are  used  canni:>t  he  chosen  at  random;  it  is  necessary 
to  have  salts  of  the  three  metals  named,  and  substitution  is  possible 
tjajy  t4i  a  very  limited  extent.  Thus,  strontium  salts  may  replace 
'^o«io  of  calcium  more  or  less  perfcfily. 

It  is  evident  that  these  salts   play  some  very  important  part 

^  the  production  of  the  rhythmical  Ix'at  of  the  heart;  and  analysis 

y^   aho\*Ti   that   the   sodium,   calcium,   and  potassium  has  each 

?**  special   r6Ie.     We  may  say  that  the  presence  of  these  salts 

^  ^orajal  proportions  Is  an  absolute  net-essity  for  heart  activity. 

y  striking  experiment  which  shows  the  import an<'0  of  the  calcium 

**  ^3  irrigate  a  terrapin's  heart  with  l>loofI-serum  from  which  the 

5**<5ium  has  lx*en  removetl  by  precipitation  with  sodium  oxalate. 

^    spite  of  the  fact  that  all  other  constituents  of  the  blooil  are 

^^'^^Bent  the  heart  ceast^-s  to  beat,  and  normal  contractions  can  be 

w       *  Locke  and  RoHcnhcim.  "Journal  of  PhyHiologj'."  -iS.  20o.  nH>7.     tSee  also 
■^^^owlton  and  Starling,  ibid.  45,  146.  1912. 
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started  again  promptly  l:)y  adding  calcium  ehloriti  in  right  amounts 
to  the  Qxalatetl  blood.  Regarding  the  specific  part  taken  by  each 
of  the  cations  in  the  production  of  the  alternate  contractions  and 
relaxations,  much  diversity  of  opinion  exists,  owing  to  our  ignorance 
of  the  chemical  changes  going  on  in  the  heart  during  .systole  and 
diastole  and  to  the  difficulty  of  controlling  experimental  conditions, 
Thus,  while  it  is  an  easy  matter  to  control  accurately  the  com- 
position of  the  li(juids  supplied  to  the  heart,  a  variable  and  uncon- 
trollable factor  is  introduced  by  the  fact  that  within  the  tissue 
elements  themselves  there  is  a  store  of  eombineil  calcium,  potas- 
sium, and  sodium  which  may  serve  to  supply  these  elements  to  a 
greater  or  less  extent  to  the  tissue  li(jui<^ls. 

Tiie  controversial  details  upon  tliis  question  cannot  be  presented 
in  an  flrtucntary  book,  but  the  following  brief  statements  may 
be  made  regarding  cue  view  of  the  s[>ecific  effects  of  the  seimrate 
cations:  (1)  The  sodium  salts  in  the  blood  and  lymph  take  the 
chief  part  in  the  maintenance  uf  normal  osmotic  pressure.  The 
8(xliuHi  chlorid  exists  in  bkKMi-plasmu  to  the  extent  of  0.5  to  0.6 
per  cent.,  and  the  normal  osmotic  pressure  of  the  blooil  is  mainly 
dependent  upon  it.  A  solution  of  sodium  chlorid  of  0.7  to  0.9  per 
cent,  forms  what  is  known  as  physiological  saline,  and  although 
not  adequate  to  maintain  the  normal  composition  and  properties 
of  the  tissues  it  fulfdts  this  purpose  more  perfectly  than  the  solution 
of  any  other  single  svibstance.  The  sotiium  ions  have  in  addition 
a  specific  influence  upon  the  state  of  the  heart  tissue.  Contractility 
and  irritability  disapj^ear  when  they  are  absent;  when  present  alone, 
in  physiological  concent  rn!  inn,  in  the  tnedinni  bathing  the  heart  mus- 
cles they  prmhice  relaxation  of  the  muscle  tissue.  (2)  The  calcium 
ions  are  present  in  relatively  very  small  quantities  in  the  ivltXKl.  but 
they  also  are  absolutely  necessary  to  contractility  and  irrital>ility, 
"W^en  i>resent  in  cjuantities  above  nt^rmal  or  when  in  a  propor- 
tional excess  over  the  stnlium  or  j^otasshim  ions  they  cause  a  con- 
dition of  tonic  contraction  that  has  been  designated  hs  calcium 
rigor.  (3)  The  potassium  ions  arc  j)resent  also  in  ver>'  small  quan- 
tities, and,  unlike  the  calcium  and  so<lium  ions,  their  presence  in 
the  circulating  li(|uid  does  not  seem  to  be  absolutely  necessary  to 
rhythmical  activity.  Vnder  projx»r  conditions  a  terrapin's  heart 
beats  well  for  a  time  upon  a  solution  containing  only  sodium  and 
calcium  salts.  The  potassium  seems  to  promote  relaxation  of  the 
muscle  and  in  pliysiological  doses  it  exercises  through  this  effect 
a  regulating  influence  u|)on  ihe  rate  of  l>eat.  When  the  proj^ortion 
of  potassium  ions  is  increased  the  heart  rate  is  proportionally 
slowed,  and  finally  the  contractions  cease  altogether,  the  heart 
eoming  to  rest  in  a  state  of  extreme  relaxation,  known  sometimes 
aA  potassium  inhibition.     (4)    It  appears  from  these  statements 
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►  there  is  a  well-marked  antagonism  l>otwf*on  tho  (^fFerta  of  the 

Eium,  on  the  one  hand,  and  the  ix>ta5siuni  and  s<xliuni,  on  the 

en    The  calcinm  promotes  a  stateof  contxactijni  *^^  Pffllj""^ 

«M4tVjf>  pntnoaniir^  fl  pt.ntfi  pf  reTg^SJioiT     Itisponceivablc,  there- 

IBSTthat  the  alternate  states  of  contraction  and  relaxation  which 

iti&rarterize  the  rhythmical  action  of  heart  muscle  are  connected 

m  K>cne  way  with  an  interucutm  o("  an  atleniatin^  kind  Ijetween 

Ihise  ions  and  the  living  contractile  substance  of  the  heart.     It  is 

imprwdhle  to  say   positively   whether  or  not   the   inorganic  salta 

ftre  (lirectly  connecte*!  with  the  cause  of  the  l>out, — that  is,  with 

theoii^nation  of  the  inner  stimulus.     According  to  one  point  of 

wr,  they  are  necessary  only  to  the  irritability  and  contractility 

o(  iW  he-art  tissue.     The  inner  stimulus  is  produced  otherwise  by 

some  unknown  reaction,  but  it  is  not  able  to  cause  a  contraction 

(rf  tbc  ht*art  muscle  in  the  absence  of  the  proper  inorganic  salts. 

Attx>nling  to  another  view,  the  reaction  of  thi*se  ions  with  the 

hine  substance  constitutes  or  leads  to  the  devehipment   <if  the 

iniicT  stimulus. 

Physiological  Properties  of  Cardiac  Muscle. — Cardiac  muscle 
exhiltifs  certain  properties  which  distinjruisli  it  .^harp!y  from  skeletal 
muscular  tissue  and  which  have  a  direct  bearing  upon  the  rhyth- 
micity  of  the  contractions  and  the  sequence  t>hown  by  the  ditTerent 
dambere.  The  most  characteristic  of  these  properties  are  tlie 
following: 

1.  Th^  cofttmctwfis  of  heart  viusck  are  always  maTtnuiL  In 
ikeletal  muscle  and  in  plain  miiscle  the  extent  of  contraction  is 
related  to  the  strength  of  the  stimulus,  and  we  recognize  the  exis- 
Ujire  of  a  series  of  submaxinial  contractions  of  varj  ing  heights. 
Thw  is  not  true  of  heart  nnisclc.  M  wius  first  shown  by  How- 
ditch,  a  piece  of  ventricular  muscle  when  stimidated  responds,  if 
it  rwponds  at  all,  with  a  maximal  contraction.  The  apex  of  a 
^Tog"?  heart  does  not  beat  siwntaneously,  but  contracts  upon 
eimrical  stimulation.  If  such  an  apex  is  connecteil  with  a  lever 
to  Agister  its  contractions,  and  the  electrical  stinnilus  applied  to 
'^  '^*  gradually  increased,  the  first  contraction  to  a})pear  is  maxi- 
^l  and  it  \»  not  further  increased  by  augmenting  the  stimuhis. 


77iis 


property  is  sometimes  descrilKHl   by  saying  (Ilanvier)  that 


"^  ^contraction  of  the  hejirt  muscle  is  all  or  none.     This  fact 

"^t    not.   however,  be   interpreted   to  mean   that   tlie    force  of 

jj/^^^^ction   of   heart   muscle   is   invariable   under  all   conditions. 

2^**  is  not  the  case.    The  heart  muscle  under  favorable  nutritive 

.V/^^itiona  may  give  a  much  larger  and  more  forcible  contraction 

1^*-*^  is  poBsible  under  conditions  of  poor  nutrition;   but  the  point 

^hat,   whatever  may  be  the  condition  of  the  muscle  at  any 

*^n  moment,  its  contraction  in  response  t-o  artificial  stimulation 
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is  maximal  for  that  condition,— that  is,  does  not  vary  with  the 
strength  of  the  stinmhis.    As  was  said  above,  this  property  is  not 


fig.   2:J6.--To  hiiuw  the  efloct  of  a  r-horl  elci.-.  ■  ■-''!     iupUn.l  fit  liiffpmit  timei 

In  the  beart  beat.— (A/a«w.)  The  reooni  w  taken  fnmi  the  fj..^'«  heart.  In  I.  2.  arni  a  the 
ocimulu*  (*)  (alia  into  the  heart  durtna  BjTt<jIe  (refrmelory  pr-ntMl)  on<l  ha*  no  entHrl.  In 
4,  6.  fl.  7,  and  8  the  atimtiluii  falla  inut  the  Heart  toward  the  end  of  ny^^t'ile  or  during  diastole, 
a»d  U  Tullowed  by  an  eictra  sy»tol«  antl  coiTei«(K»ndinK  wimpen*niory  pau#«.  It  will  be 
noted  that  the  latent  period  (shaded  area)  betwwn  thr  ntimuIUM  and  the  extra  ayrtoto  !• 
ahortcr  the  lonicer  the  diastole  ban  prQceded  before  the  fltimuluit  U  applied. 
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exhibited  by  the  cnistacean  (lobster)  heart,  but  has  been  shown 
to  be  true  for  the  mammalian  heart  muscle.* 

2.  Thr  refractory  period  oj  the  beat.  It  was  shown  by  Marey  t  that 
-*'le  is  irritable  to  artificial  (elentrical)  stimuli  only 
notl  of  diastole.  During  the  period  of  systole  an  elec- 
■  has  no  effect;  (luring  the  period  of  diastole  such  a 
III.-  forth  an  extra  systole  and  the  latent  |K*riod  |Tre- 
■  i'Xlni  contraction  is  shorter  the  later  the  stimulus  is 
in  the  diastolic  phase.  This  relationship  is  well  shown  by 
's  curves  reproduced  in  Fig.  236.  The  period  of  inexcitabil- 
j:iuited  as  the  refractory  period  of  the  heart  beat.  Marey 
K'<i  iiiitt  refractor>''  period  as  falling  within  the  first  part  of  the 
^iitnU,  nnd  stated  that  its  duration  varies  with  the  actual  strength 
rf  '  -.     Later  exi">eriments  h\*  other  investigators  make  it 

pr_'  -_  :  'Jie  refractor}' period  lasts  during  practically  the  entire 
ie.J  According  to  this  point  of  view,  therefore,  the  heart  muscle 
tlB  f>eriod  of  actual  contraction  is  entirely  unirritable,  and  in 
t  it  offers  a  striking  difference  to  skeletal  and  plain  muscle. 
of  this  refractoiy  period  explains  why  the  heart 
:::.  I  Ic  thrown  into  complete  telanie  contrattions  by 
ta|iliily  repeated  stimuli.     Since  each  contraction  is  accompanied 

t;    'ition  of  loss  of  irritability,  it  is  obvious  that  those  stimuU 
ulo  the  heart  (hiring  this  period  must  prove  ineffective. 
T*  'or\'  period  and  the  gradual  inei-ense  in  irrilaliilit\^  <huing 

tlit  ..Mw.wle  may  throw  some  light  also  on  the  rhythmical  character 
«f  the  heat.  The  occurrence  of  the  refractoiy  period  and  the 
sahnc*^'   •  ■  idual  return  of  irritahility  are  connected  no  doubt 

U»iic  changes  taking  place  in  the  lieart  muscle.     It 
character  of  this  metal>olism  that  we  must  seek  for  the 
■mation  of  these  two  phenomena  and  the  cause  of   the 
ry  of  the  contractions.     As  was  stated  above,  it  has  been 
■  the  crustacean  (lobster")  heart  muscle  tloes  not  obey  the 
'    law,  is  not  refractory  during  systole,  and  is  capable  of 
tdving  tetanic  contractions  when  rapidly  stimulated.     In  all  these 
ibipects  it  liifTers  from  the  ty]tical  heart  muscle  of  the  vertebrate, 
biit  ihe  difference  is  jierhaps  sufficiently  explained  by  the  discovery 
'tat  the  crustacean  heart,  in  one  form  at  least,  is  not  an 
illy  rhythmical  tissue.     Its  rhythmical  contractions,  like 
thode  of  the  diaphragmatic  muscle  in  the  higher  vei-tebrates,  depend 
\ipoc  rh>'thmical  impulaea  received  from  nerve  centers. 

•  F<w  ex|)pririienta  on  inAmmalian  heart  and  literature,  see  Woodworth, 
**AinericiUi  Journal  i»f  PhvHiology/'  H,  213.  im)3. 

t  Marey,  "Travuux  <fu  laboratoire,"  1S76,  p.  73. 

%  Sec  paiwr  by  WcKxiworth,  he.  cU.    Aliio  SohultE,  "American  Joumnl  of 
Fhywology/'  16,  483,  1906,  and  22,  133.  1908, 
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The  Compensfttory  Pause, — It  has  been  oKserveti  that  when  an  exlra 
BVBtole  is  nnnliu-eil  by  stiiiiiilating  a  ventricle  it  In  followetl  by  a  pause  longer 
than  usual;  the  [)au.se,  in  f:it:t,  b  of  such  ii  length  as  lo  cniiifjeiisnte  exactly 
for  the  extra  beat ;  so  that  the  total  rate  of  heat  reiimiii;*  the  itaine.  Tlie  pro- 
longed paiii^e  under  these  conditioa.s  is  tlierefore  fretjueiitly  ilesignatetl  aw  the 
compenaatory  pause.  It  haa  been  shown,*  however,  that  the  exact  comi>eu- 
satioQ  in  this  cane  is  not  referable  to  a  jiroperty  of  heart  mu-nrle,  but  is  due  to 
the  dependence  of  the  venlruMilar  upon  the  imrii-ulur  bciit.  When  the  auricle 
or  ventricle  is  it*olated  and  stimulateil  the  phenomenon  of  exact  oompenyation 
U  nol  observed.  In  an  entire  heart,  on  tlic  coiUrarj',  the  beat  originates  al 
the  venous  end  of  the  auricle  and  is  propagated  to  the  ventricle.  If  tlie  latter 
cIiamlxT  is  stitnulnlctl  so  as  to  give  an  extra  beat  out  of  sequence  it  will  remain 
in  tlioh'tole  until  tlie  next  auricular  beat  stimulates  it,  and  will  thus  pick  up 
the  regular  i*e(:juence  of  the  li*.'art  beat. 

The  Normal  Sequence  of  the  Heart  Beat.— The  nomml 
rhythm  of  the  heart  beat  is  first  a  contruetion  of  the  auricles, 
then  one  of  the  ventritdes.  Many  efforts  Lave  been  niaile  to 
determine  the  precise  spot  in  whicli  the  contraction  of  the  heart 
normally  starts.  Formerly  it  was  sii|>posed  that  the  contraction 
hcgnn  in  tlie  grejit  veins  just  before  they  piiss  intn  the  auricle, 
and  it  was  implied  that  this  initiation  of  the  beat  might  occur  in 
the  pulmonary  veins  its  well  as  in  the  veiue  cava*.  More  recent 
experiments f  which  have  been  nuule  largely  upon  the  isolated 
heart  while  perfused  with  a  Rinf^er-Locke  solution  huve  shown 
prett)*  eorudusively  that  the  most  rhythmic  part  of  the  heart 
and  the  part  from  whicli  the  beat,  In  all  probaiiility.  normally 
starts  is  Ein  area  of  the  wall  of  the  riijht  amide  lying  between 
the  openings  of  the  veme  cavas,  or,  according  to  the  moat  recent 
view^s,  in  that  remnant  of  the  sinuH  tissue  known  as  thcsino-auricular 
node  which  lies  in  this  region,  and  which  is  connecte<l  with  the 
auricular  mustde  and  with  the  auriculoventricular  bundle  (p. 
638).  When  this  jxirtinn  of  the  heart  is  warmed  or  cooieti  the 
rate  of  beat  of  the  whole  heart  is  correspondingly  increased  or 
decreas^'d,  while,  on  the  contrary,  wanning  or  cotding  of  the  vt*n- 
tricles  themselves,  the  auricular  appen<iages,  the  left  auricle,  etc. ,  has 
no  effect  upon  the  heart-rate.  Frcjm  the  point  of  confluence  of  the 
vena*  cava-  the  wave  of  contractitm  spreads  oV4»r  the  auricles  and 
through  the  aurieulovenlricular  bundle  to  the  ventricles.  This 
setiuence  frimi  venous  to  arterial  end  is  beautifully  shown  in  the 
frog's  heart,  in  which  the  contratition  be^ns  in  the  sinus  venosus, 
spreads  to  the  auricles,  thence  to  the  ventricde,  an<l  finally 
to  tlie  bnlbus  arteriosus.  Under  normal  coTiditions  this  sequence 
is  never  reversed,  and  an  explanation  uf  the  natural  order 
forms  obviously  an  impi»rtant  part  uf  any  complete  theory 
of  the  heart  beat.     Those  who  hold  to  the  nciu-ogenic  theory 

•  Cuahnv  and  Matthews.  "Journal  of  Phvsiolog>'."  21.  227,  1897. 

tCorwuh  especially  Adam.  **Archiv  f.  d.  gee.  rh>'siol.,'*  Ml.  0(J7,  1906; 
Erlanger  and  Blarkman,  "American  Journal  of  Physiology,"  19,  125,  1907. 
and  Flack,  "Journal  of  iniysiology."  41,  04,  rJlO. 
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txaturallv  explain  the  sec[uence  of  the  heat  by  reference  to  the 
intrinsic  nervous  apparatus.  If  the  motor  ganglia  lie  toward  the 
venous  end  of  the  heart  one  can  imagine  tliat  their  discharges  may 
aflfect  the  different  cJiamljers  in  sequence,  the  pause  between 
auricular  and  ventricular  contraction  being  due,  let  us  say,  to  the 
fact  that  the  motor  impulses  to  the  ventricle  have  to  act  through 
subordinate  ner\T  cells  in  the  auriculo-ventricular  region,  and  the 
time  necessary  for  this  action  brings  the  ventricular  contraction 
a  certain  inter\'al  later  than  that  of  the  auricle.  Tliere  is  no 
inunediate  proof  or  disproof  of  such  a  view.  The  numerous  exper- 
iments made  ujx->n  the  rapidity  of  conduction  of  the  wave  of 
contraction  over  the  heart  are  not  conclusive  either  for  or  against 
the  view.  The  fact,  however,  that  in  the  quiescent  but  still  irritable 
heart  the  rhythm  may  be  reversed  by  artificially  stimulating  the 
ventricle  first  seems  to  the  author  to  speak  strongly  against  the 
dependence  of  the  sequence  upon  any  definite  arrangement  of 
neuron  complexes.  <'>n  the  myogenic  theor}'  the  sequence  of  the 
heart  beat  is  accounted  for  readily  by  relatively  simple  assumptions, 
Gaskell  and  Engelmann  fiave  each  laid  empliasis  upon  the  facts  in 
this  connection,  and  the  application  of  the  myogenic  theorj^  to  the 
explanation  of  the  normal  sequence  of  contractions  forms  one  of  its 
most  attractive  features.  CSaskell  assumes*  that  the  rhythmical 
power  of  the  muscle  at  the  venous  end  is  greater  than  that  at  the 
ventricular  end,  that  is,  if  pieces  from  the  two  entJs  are  examined 
separately  it  will  be  found  that  the  spontaneous  rhythm  of  the 
tissue  from  the  venous  end  is  more  rapid.  This  portion  of  the 
heart,  therefore,  beating  more  rapidly,  sets  the  rhythm  for  the 
whole  organ,  since  a  contraction  started  at  the  venous  end  will 
propagate  itself  from  chamber  to  chamber.  That  esch  chamber  of 
the  heart  has  a  rhythm  of  its  own  and  that  the  rhythm  of  the  ven- 
ous end  is  the  more  rapid  and  constitutes  the  rhythm  of  the  intact 
heart  has  been  shown  in  various  wa^'s  upon  the  hearts  of  different 
animals.  Thus.  Tigerstedt  has  devised  an  instrument,  the  atrio- 
tome,t  by  means  of  which  the  connections  between  auricle  and 
ventricle  may  be  crushed  without  hemorrhage.  Under  such  condi- 
tions the  ventricle  continues  to  beat,  but  with  a  much  slower  rhythm 
and  with  a  rhythm  entirely  independent  of  that  of  the  auricles. 
The  same  result  has  l>een  obtained  in  a  very  striking  way  by 
Erlanger.  ThLs  ol)server  arranged  a  clamp  by  means  of  which  he 
could  compress  the  auriculoventricular  bundle  connecting  auricle 
and  ventricle.  When  the  compression  is  made  the  ventricle,  after 
an  inte^^'al,  exhibits  a  slower  rhythm  and  one  entirely  independent 

•Gaflkell,  "Journal  of  PhvmoIoKv,"  4,  61.  1883;  alao  vol.  ii,  p.  180,  of 
8ch&fer*s  ''Text-book  of  PhyaioloKy.'*  1900. 

t  See  "  Lehrbuch  der  Pl^'siologie  des  Kreislaufes/'  1893. 
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of  that  of  the  auriclrs.  When  the  compression  is  retiioved  the  ven- 
tricle falls  in  again  with  auricular  rh>ihm.  By  v;iriations  in  the 
proKsure  upon  the  bundle  intermediate  conditions  may  be  obtained 
in  which  the  **block'*  between  auricle  and  ventricle  is  only  partial, 
and  in  which,  therefore,  the  ventricular  systole  follows  re^ilarly 
every  secontl  or  third  aurictjlar  contraction.  W'hen  the  "block"  is 
complete  the  ventricular  rh^-thm  ceases  to  have  any  definite  rela- 
tionship to  that  of  tlie  auricle,  it  beats  entirely  independently  iind 
its  rate  is  slower  than  that  of  the  auricle.  It  is  interesting  to  re- 
member that  Ciises  of  complete  or  partial  heart  block  occur  in  man. 
In  the  condition  known  as  the  Stokes-A<lanis  syntlrome  the  striking 
feature  in  adtlition  to  attacks  of  syTicope  Is  a  permanently  slowed 
pulse,  the  heart  lieac  falling;  to  30  or  20  beats  i^r  minute  or  lower. 
Erlan^er  hjks  sfiown  that  in  such  cases  there  may  be  complete  or 
partial  heart  lilock.  In  the  former  condition  the  rhythm  of  the 
ventricle  is  entirely  indepenilent  of  that  of  the  auricle  and  of  course 
much  slower.  The  ventricles  may  Iw  beating  at  27  per  minute  and 
the  auricles  at  1*0.  In  partial  block  the  ratio  between  the  ventric- 
ular and  auricular  rate  is  definite,  every  seconci  or  thin!  auricular 
beat  being  followed  by  a  ventricular  systole  (nee  Fig.  237).  In  a 
number  of  these  cases  it  has  bei^n  shown  at  autopsy  that  there  was 
u  distinct  lesion  involving  the  auriculoventricular  bundle,  but  in 
other  cases  lesions  of  this  kind  have  not  been  discoverable.* 


Fig.  i;:i7  — Cardinitnim  from  a  coce  (if  Stoko  Ad.iin.-  ii  <-,i.-e.  i^iiouini^  two  auricular  beata 
(1,  2)  to  each  veiilricular  be^t. —iKrtanoer.)      ll^v  umem.nl  marks  hftba  of  a  f«ccon.l. 

In  the  hearts  of  the  cold-blofuled  animals  <he  same  general 
results  are  readily  oliUiinetl  when  (he  tissue  between  the  tlilTerent 
chambers  is  compressed  or  destrtjyed.  In  the  frog's  heart,  fof 
instance,  if  one  ties  a  ligature  (first  ligature  of  Stannius)  between 
the  sinus  venosus  and  the  auricle,  the  auricle  and  ventricle  cease 
beating  while  the  sinus  continues  pulsating  with  it,s  normal  rhythm. 
I^ter  the  auricle  and  ventricle  may  conunence  teiting  again,  liut 
if  this  hapi>enfl  their  rhythm  is  slower  than  that  of  the  sinus  and 
independent  of  it.    So  in  the  terrapin's  heart,  in  which  the  sequence 

•See  KrirtUgcr,  ".louriml  iif  Expcrirncntii!  Me(liritu\*'  190ri,  vii.,  1906. 
viii.,  and  '"Amoncan  Journal  of  Fb>>i<»lnKy."  11K)6.  xv.  and  xvi.  Fnr  the  litera- 
ture ujjon  ttiilojw'uf*  in  viv^i-n  of  SlokcH-AtlainH*  difl^ase  connull  Kninibhn:vr, 
''Biillclia  tif  (he  Av«T  Clinicul  UiUiraiory,"  Philftclnlplim.  No.  ti,  VMO,  and 
Bachniami,  ^'Jounml  of  Kxp.  Mcchrinp."  l(i,  41,   \\n2. 
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of  beat  is  so  l^oautifuUy  exhihitptl,  if  one  ties  a  ligature  between 
auricle  and  ventriele,  or  eut^s  off  the  ventricle  entirely,  the  sinus 
venosu.s  and  auricle  continue  beating  at  their  normal  rh>^hrn,  while 
the  ventricle  remains  usually  entirely  quiescent.  It  would  seem  from 
these  facts  that  in  the  mammalian  heart  the  ventricle  when  dis- 
connected from  the  auricle  is  capable  of  maintaining  a  fairly  rapid 
rh\lhm  of  it^s  own.  At  the  other  extreme,  the  terrapin's  ventricle 
when  similarly  treated  shows  no  spontaneous  beats  at  all.  These 
and  many  other  facts  that  mi^ht  Ir  quoted  suj)port  well  the  gen- 
eral view  proposed  by  Cia^kell  that  the  musculature  of  the  venous 
end  of  the  heart  (sino-auricular  node)  |K>ssesse8  the  greater  rhyth- 
mical power  and  starts  the  heart  In^at,  and  that  the  wave  of  ex- 
citation is  propagated  to  the  auricles  and  ventricles  through  the 
muscular  ti^ue,  or  the  modified  muscular  tissue  composing  the 
so-called  conducting  system. 

The  Tonicity  of  the  Heart  Muscle. — In  describing  the  ph^'s- 
iology  of  skeletal  and  plain  mnscle  attention  was  called  to  their 
prof>erty  of  tonicity. — that  property  by  means  of  which  they  remain 
in  a  more  or  less  permanent  although  variable  conilition  of  con- 
traction. So  far  as  the  skeletal  muscles  are  concerned,  this  con- 
dition IS  dej^ndent  uix)n  their  connections  with  (he  nervous  system. 
C\it  the  motor  nerve,  or  destroy  the  motor  center,  and  the  muscle 
loses  its  tone, — becomes  completely  relaxed.  Tonicity  or  tonic 
activity  is  therefore  characteristic  of  the  motor  nerve  centers,  and 
is  due,  no  doubt,  to  a  more  or  less  continuous  inflow  of  sensorv 
impulses  into  those  centers.  The  tonus  of  the  nerve  centers  is  a 
reflex  tonus.  In  the  plain  muscle  the  condition  of  tonus  is  also 
markerl.  The  blood-ve-ssels,  the  bladder,  the  various  viscera  are 
rarely,  if  ever,  entirely  relaxed  for  any  length  of  time.  This  tonus 
is  also  dei}endent,  in  many  cases,  upon  a  constant  innervation 
through  the  nu)t<^)r  nerves,  but  after  these  latter  have  Ijeen  destroyed 
the  plain  muscle  still  shows  this  property  of  tonicity.  Sch  in  the 
heart  muscle  the  power  to  maintain  a  certain  degree  of  contraction, 
a  certain  state  of  muscle  tension  qiute  intlependently  of  the  sharp 
systolic  contractions,  is  ver>'  characteristic.  At  the  end  of  a  normal 
diastole,  for  example,  the  ventricle  is  not  entirely  relaxed,  it  retains 
a  certain  amoiuit  of  tonicity  as  compared  with  It-s  condition  when 
inhibited  through  the  vagus  nerve  or  when  deacb  The  degree  of 
this  tonicity  determines,  of  course,  the  size  of  the  ventricular 
cavity  (the  diastolic  volume)  and  the  extent  of  the  charge  it  will 
tnke  from  the  auricles.  As  will  be  described  in  the  next  chapter 
the  tone  of  the  heart  muscle  is  dependent  in  jmrt-  ujmn  its  extrinsic 
nerx'es,  but  it  is  more  dependent  probably  upon  the  composition 
of  the  blood.  Like  the  property  of  rhythmicity,  that  of  tonicity  is 
most  developed  at  the  venous  end  of  the  heart..     At  least  this  is  the 
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case  with  the  heart  of  the  cold-blooded  animals,  upon  which 
this  property  has  heeii  studied  most  carefully.  The  ventricle 
of  the  terrai>in,  or  strips  excised  from  the  ventricle  and  sus- 
pended so  that  their  movements  can  lie  recorded,  often  vary 
greatly  in  length  with  differences  in  condition.  The.se  varia- 
tions are  due  to  changes  in  tone.  Not  infrequently  these 
changes  take  on  a  rhythmical  character;  so  tliat  if  the  ven- 
tricle is  beating  one  sees  upon  the  record  regular  tone  waves, 
an  alternate  slow  shortening  imd  slow  relaxation  quite  inde- 
pendent of  the  rhytliniical  beats.  The  tissue  of  the  auricle  and 
especially  of  the  sinus  vcnosus  exhiliits  this  [>roperty  to  a  much 
more  marked  extent  (see  Fig.  238).  The  tone — that  is,  the  length 
of  the  piece — if  in  strips,  or  the  capacity  of  the  chand>er,  if  used 
entire,  is  continually  changing  and  oftentimes  in  a  rhythmical 


F«.  23& — To  show  tone  w&voa  m  heart  muiKile.  The  record  Ahowe  contmcttnris  of  ft 
«trip  ofthe  anuo  venoflUs  (tempiD'a  heart)  HUapended  in  »  bath  uf  bUMxl-sertirii.  In  aiJ<)i- 
tion  to  the  kharp  oonlrBCtiiuu  marked  by  the  linea  there  are  longer,  wave-like  ahortooin^ 
and  rclaxatioDB,  imsiUar  in  character,  which  mre  due  to  variations  in  tone. 


way.  Fano*  has  made  a  special  study  of  this  property  and  has 
suggested  that  the  tone  changes  or  contractions  nmy  be  due  to 
the  activity  of  a  sulistAiice  in  the  heart  different  from  that  which 
mediates  the  ordinar>*  contractions,  liotaxzif  suggests  that,  wliile 
the  usual  sharj*  systolic  contraction  is  due  to  the  cross-striat«d 
(ani^otn»j)ous)  substance,  the  slower  tone  changes  may  be  due 
to  the  undifForcntiatcd  san-ophism.  However  this  may  be,  the 
property  of  ttmicity  is  an  important  one  in  the  physiology  of  the 
heart,  antl  of  the  other  visceral  organs.  Througli  it  a  certain  ten- 
sion of  the  musculature  is  maintained,  and  the  size  of  the  cavities' 
and,  therefore,  the  output  of  the  ventricles  is  controlled.  A 
diminution  In  tonicity  constitutes  an  iniiM>rtAnt  factor  in  the 
pathological  condition  known  an  acute  dilatation  of  the  heart. 

•  Fano,  "BeitniRc  zur  Physiologie,"  C.  Ludwig,  xu.  s.  70  GeburLiitage 

gewiiJ.,  Leipzig,   IK.S7. 

t^-Journal  of  Physiology,"  21.  1,  1897. 


CHAPTER  XXX. 

THE  CARDIAC  NERVES  AND  THEIR  PHYSIOLOGICAL 

ACTION. 

The  heart  receives  two  sets  of  efferent  nerve  fibers  from  the 
central  nervous  system.  One  set  reaches  the  hejirt  tlirough  the 
vagus  ncr\'es,  and,  since  their  atrtivity  slows  or  stops  the  heart 
best,  they  are  spoken  of  as  the  inhibitory  nerve  fibers.  The  other 
set  passes  to  the  heart,  hy  way  of  the  sympathetir  fhain,  and  since 
their  activity  accelerates  or  augments  the  heart  beat  they  are 
designated  usually  as  the  acctienUor  nerve  fibers.  In  atldition  the 
heart  is  provided  with  a  set  of  afferent  nerve  fibers.  Regarding 
the  functional  activity  of  these  latter  fibers,  our  experimental 
knowledge  is  limited  to  the  fact  that  some  of  them,  at  least, 
are  stimulated  at  each  beat  of  the  heart  (p.  514),  and  that 
possibly  some  of  them  help  to  form  the  so-called  depressor 
nerve  (p.  614).  Under  pathologiual  conditions  these  alTerent 
fibers  may  produce  painful  sensations. 

The  Course  of  the  Cardiac  Fibers. — The  vaguf3  nerve  gives 
off  several  Ivranches  that  supply  tlie  lieart.  The  superior  car- 
diac branches  arise  from  the  vagus  in  the  neck  somewiiere 
betTveen  the  origins  of  the  superior  anrl  the  inferior  laryngeal 
nerves.  The  inferior  rarfliac  branches  ari.se  from  the  thoracic 
portion  of  the  vagus  near  the  origin  of  the  inferior  laryngeal 
(N.  recurrens)  and,  indeed,  some  of  these  branches  may  spring 
directly  from  the  latter  nerve.  The  inhibitory  fibers  probably 
arise  in  these  inferior  branches  chiefly.  Both  superior  and 
inferior  cardiac  branr-hes  pass  toward  the  heart  and  unite 
with  the  canliac  branches  from  the  sympathetic  chain  to  form 
the  cardiac  plexus.  This  plexus  lies  on  the  arch  and 
ascending  portion  of  the  aorta,  and  from  it  the  heart  receives 
directly  lK>th  its  inhibitory  anil  accelerator  fil>ers.  The  inhibitory 
fibers  of  the  \wurt  form  a  part  of  the  outflow  of  bulbar  autonomic 
fibers  (p.  255)  through  the  vagus  nerve.  The  preganglionic  fibers 
probably  end  around  ganglion  cells  in  the  heart,  which  in  turn  send 
their  axons  as  postganglionic  fibers  to  the  heart  muscle. 

The  Action  of  the  Inhibitory  Fibers. — If  the  vagus  nerve 
in  the  neck  of  an  animal  is  cut  and  its  jx^ripheral  end  is  stimulated 
the  heart  is  slowed  or  stopped  altogether  acconhng  to  the  sti*englli 
of  the  stimulus.     This  effect  is  illustrated  in  Figs.  239  and  240. 
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This  inhibitory*  influence  u}x>n  the  heart-  beat  was  first  deecriW 
in  IS45  by  the  two  hmthers,  Edwani  Weber  and  E.  H.  Weber 
It  \va.s  a  jihysitvlogical  dis<.*oven'  of  the  first  importance,  nut  na)\ 
as  regartlis  llie  pliysioIog>'  of  the  heart,  but  from  the  fitaodpoint 
of  general  pliysiolog:}',  since  it  gave  the  first  clear  instance  ol  the 
possibility  of  inhibitory  action  ihnntgh  nerve  fibers. 

If  tlie  heart  is  examined  during  its  complete  inhibition  H  «iil 

]m^  seen  that  it  stoi>s  in  dij^ytofa- 
and  indeed  the  diaj<iij!*-  i>  mofp 
(•(iJrijMete    than    normal 


trt 

11;,- 


Fig.  230.— To  tibow  the  iohibitmn 
of  the  termpln't  heart  due  to  •idniuln- 
lion  of  Ibo  vfl((ll^  nerve.  The  ur>i>er 
iraciojc  If)  rcc«)ni-'  the  contnicti<in>  of 
tbelefti 


//Jthec 
Tiie  va 


tnu]tion.«  of  rtie  ventricle.  'I'be  vasu.-^ 
WBB  stimulated  tliree  times,  each 
chamber  cornins  to  a  complete  t^iap- 
On  rnmo^ins  the  »tiniulu.i  it  will  be 
noted  thnt  tne  auricular  cniilnirtiuna 
increaw  Kradually  t<i  their  nonnal* 
while  the  ventricular  ctintractiooti 
■Larl  off  at  full  i-trength. 


ihlates  to  a  very  larf?e  i-\uim 
l)ecomes  swollen  with   bh.Kvl. 
hitter  fact  is  t^ken  usually  .'i 
that    the  action  of    the  ttihi.- 
(ibera  not  only  prevents   the  nsuil 
systole,    but   also  roixioves   tlw  U- 
nicity  of  the  musculature.    Eaoun- 
ination  of  the  heart  show^  also  <h:il 
iho    inhil)ition    affecta    the    wbo!<- 
heart, — Inith  auricles  and  ventrirJi-r 
arc  slowed  or  stopi>c(b  as  ibe 
may  Im?.    That  the  vagus  imm*« 
man  also  contains  inhihitonr 
to  the  heart  is  made  highly  profc 
by    everything    known    cunreminn , 
tbt^  conditions  under  which  tli.  " 

is  slowed  or  stop[)ed   teuj) 

and  has,  moreover,  been  demon-  i 
st rated  directly  in  several  instance^i  ' 
upun  living  men.*  The.se  inhibttor>' 
fibt.'i>  have  lxH?n  shown  to  exiin  in 
all  classes  of  vertebrates  and  in  a 
nimiber  of  the  invertebrates. — a 
fact  which  in  it^lf  would  indicate 
the  great  importance  of  their  in- 
fluence upon  the  effective  activity  of 
the  heart.  In  the  mammals  gener- 
ally  employed  in  lalx)ratory  experi-  ■ 


ments  the  inhibitory  fibers  occur  in 
both  vagi;  in  some  of  the  lower  vertebrates,  however,  especially  in 
the  terrapin,  the  inliibitory  fibers  may  be  found  exclusively  or 
mainly  in  tiie  right  vagus. 


•See  especially  Thaahoffer,  "CcntralbUtt  f.  d.  med.  Wiss.,"  11*75,  whd  I 
gives  an  account  r»f  un  CKiKTimcnt  in  wliich  I  he  vagi  were  compreM«d  iii  thfl 
neck,  with  n  rc^ultiag  stoppugc  of  the  bciu't  and  lo:«  of  coosciousness. 


Fut.  240. — To  «how  the  inhibition  of  tlio  lieart  from  stimulation  of  thp  varus  in  the 
^loC-  Record  B  i»  thr  blood-prps«ure  tracinR.  Thp  vaDfU*  wa.-*  vlimiilnted  twicr.  The 
starb  M,  I.  indical«  thr  t>e.e)niiine  and  etui  of  tlip  MitnuEuM.  Vho  hn-t  ^Limiilation  was 
^nftk  :  U  will  tiv  notnl  l!ial  the  heart  e«cape<J  and  b^fcan  b^ntiiiK  l>efcjre' tht?  fitiniuhin  wa^ 
^VAlhdJm*Ti.  Dip  second  .-•liniulur^  was  fltronKfr;  thr  mhibitiun  ta*led  potiie  lime  Htter  re- 
fDoval  of  th*  i"limuhi!>.  Tlir  upper  curvr'At  i"  a  plelhyjimoicniphir  <i>nr<»niPtpr)  traring 
<4  lb*  roturoe  of  tli**  kidney.  It  nill  be  noted  tliat  wlien  the  hfart  ?*li)]iw  and  blood-pn*j*Hure 
tall*  the  )^dne>'.  Ukc  the  other  urgmnn.  diminiDhea  iu  vulumf.     (Davsun.) 


of  the  rat-e  of  the  heart  l>eat.  Numerous  observers  have  called 
attention  to  the  fact  that  the  vagus  filters  may  also  oiuise  a  weaken- 
ing  in  the  force  of  the  l>eat  as  well  lis  a  slowing  in  the  rate,  or, 
intlee<l.  the  two  effects  may  l>e  ohtaineci  separately.  This  fact  has 
been  shown  especially  for  the  auriirles.*  In  the  heart  of  the  terrapin 
ooe  may.  by  using  weak  stimuli,  obtain  only  a  weakonluK  of  the 
auricular  beats  without  any  interference  with  the  rate  (Fig.  241), 
while  by  increasing  the  stimulus  the  slowing  in  rate  beeometi  evident 
combiDed  with  a  diminution  in  force  or  extent.     Although  tlie 

*  Bayli88  and  8larlinK,  ''Journal  of  PhyaioloKy."  13,  410,  1892. 
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force  of  the  beat  may  be  influenced  without  altering  the 
revei*se  does  not  hoKl.  Usually,  for  the  auricle,  at  least,  any  sJ 
that  slows  the  l^eat  also  weakens  the  in<li\'idual  beat.  ^ 
the  vagiis  fil>ers  exercise  a  similar  double  influence  directl' 
the  ventricle  is  not  so  clear.  Some  ohserx'ers  find  that  wl 
ventricle  is  iniiibited  the  beats,  although  slower,  are  stronger 
others  obtain  an  opposite  result.  It  seems  probable,  ad 
by  Johansson  and  Tigerstedt,  that  the  result  obtained  d 

largely  on  the  strength  of  st 
iLsed.  These  observers  foii 
with  relatively  weak  sti; 
contractions  of  the  ventriclej 
slower,  are  stronger,  whil< 
stronger  stimuli  the  contracti 
cjiminishei)  in  strength  aa  i 
rate.  The  question  is  corap 
by  the  difficulty  of  separati 
direct  effect  of  t)je  vagus 
ventricle  from  tlie  ini 
brouglit  ubout  by  the  cha: 
auricular  beat.  The  inliii 
fluence  makes  itself  felt  aj 
the  conductivity  of  the  heart 
fact  has  l)een  noted  b}*  sev 
servers.  A  striking  exampi 
in  the  case  of  partial  he; 
When  as  the  result  of  so: 
or  pressure  in  the  auriculo-ve 
lar  region  or  from  some  oth 
evident  cause  there  is  a  partial  block,  so  that  the  ventrici 
tracts  once  to  two  or  three  beats  of  the  auricle,  vagus  stin 
may  1^  followed  at  once,  as  im  after-ctTcct.  I>y  a  return 
noi-mal  l)eat,  a  re-ei?tablislinient  of  a  one-to-one  rhythm 
other  circumstances  the  contrary  effect  of  vagus  stia 
has  been  de&cril:>ed.  From  the  results  cited  it  seems  evidei 
the  vagus  ner\*e  may  affect  the  rate  and  the  force  of  ti 
tractions,  and  also  the  conductivity  or  the  propagation^ 
wave  of  excitation.  These  separate  influences  have  been  r 
by  some  authors  to  the  existence  of  different  kinds  of  nerve 
each  exerting  its  own  influence,  but  it  seems  preferable  to  a 
on  the  contrary,  that  only  one  kind  of  fiber  is  present,  an 
its  influence  on  the  metabolic  changes  in  the  heart  muscle  ex 
itself  differently  iiptjn  the  several  different  properties  of 
according  to  the  extent  of  its  action. 

•  Sec  Tigerstedt,  "  Lohiburh  der  Pbyaiologie  des  Kreislaufts,*'  1; 


File-  241.— To  chiiw  the  eflect  of 
rasus  fltiniulalicn  on  the  force  only  of 
the  auricular  beat  in  the  terrapia'fi 
heart:  A.  Rooord  of  the  vuricular 
beats;  V.  record  of  the  vcnlricuJar 
beato.  The  vaxus  was  stimulated  be- 
Iweea  x  and  x.  U  will  be  noted  that 
the  ventricular  beatH  are  not  affected, 
and  that  the  auricular  beata  diminLsh 
in  extent  without  any  chance  in  rate. 


THE   CARDIAC    NERVES. 


Kngelniann  has  niatle  the  most,  complete  attempt  to  analyze  the  influence 
exerte*!  by  the  canliac  nen'es  (inhibitor>'  and  aoceierator).  He  designates 
these  influences  inkier  fonr  different  heads  with  the  furtlier  *iui)p*>sition  that 
they  are  mediated  by  different  fibers :  (1 )  The  chronotropic  influenre,  affecting 
the  rate  of  cotitraction,  positive  chronotropic  action?*  cau.«ing  an  acceleration 
ajid  negative  chrotioiropic  at'lions  a  i-lownig  of  the  rat«.  (2)  The  bathnio- 
tropic  influence,  affecting  the  irritability  of  the  muscular  tissue;  thia  also  may 
be  positive  or  negative.  (3)  The  dromotropic  influence,  pot*itive  or  negative^ 
afTec'ting  the  conductivity  of  the  tLspue.  (4)  The  inotropic  influence,  posi- 
tive or  negative,  affecting  the  force  or  energy  of  the  contractions.* 

Does  the  Vagus  Affect  Both  Auricle  and  Ventricle? — The 

inhihiton^  action  of  the  vagus  is  most  nmrketl  upon  the  venous 
end  of  the  heart,  and  the  (|uestion  has  arisen  as  to  whether  it  affects 
the  ventricle  directly  or  not.  Gaskell  gave  evidence  to  indicate 
that  in  the  terrapin  the  auricle  only  is  inhibited,  the  ventricle  stop- 
ping beoaiLse  it  fails  to  receive  its  normal  impulse  from  the 
auricle.  When  this  heart  is  inhibited  the  contractions  of  the 
auricle  after  cessation  of  inhibition  gradually  increase  in  amplitude 
until  the  normal  size  is  reached;  in  the  ventricle,  on  the  contrary, 
the  first  contraction  after  inhibition  is  of  noniial  size  or  greater 
than  normal  (^ee  Fig.  239).  When  a  block  is  jjrotluced  in  the 
mammalian  lieart  between  auricle  and  ventricle — by  damping  the 
Conner! ing  muscular  bundle,  for  instance — stimulation  of  the 
vagus  stops  the  auricle  onlyfi  and  the  result  would  seem  to  indicate 
that  the  vagus  affects  only  the  aurich^,  unless  it  is  lissunicd  that 
the  clamp  has  int^Truptccl  the  inhibitory-  paths  to  the  ventricle. 
Un  the  other  hand,  in  favor  of  the  view  that  the  vagus  fibers  reach 
the  ventricle  and  influence  its  beats  directly,  we  have  the  fact, 
emphasized  by  Tigerstedt,  namely,  that  when  the  connection 
Ix^ween  auricle  and  ventricle  is  severed  suddenly  the  ventricle 
frequently  continues  to  beat  at  it«  own  rhythm  without  any  obvious 
pause.  It  would  seem  from  this  fact  that  when  the  whole  heart 
is  inhibited  by  stimulation  of  the  vagus  the  ventricle  does  not 
stop  simply  because^  the  auricle  fails  to  sen<l  on  its  usual  contrat^tion 
wave,  since,  if  that  were  so,  cutting  ofiF  the  auricle  or  elamj>iug  the 
connection  between  it  anil  the  ventricle  should  aLso  bring  on  a 
ventricular  pause,  as  happens  in  the  case  of  the  terrapin's  heart. 
It  seems,  however,  to  l)e  the  general  belief  of  those  who  have  experi- 
mented with  the  subject  that  the  action  of  the  vagus  is  exerted 
mainly  ujKjn  the  auricles,  and,  indeed,  there  is  some  evidencej  that 
its  effect  is  felt  niaiidy  upon  that  small  portion  of  the  auricle  (the 
sino-auricular  node)  in  which  the  normal  heart -bcAt  takes  its  origin. 
Escape  from  Inhibition.— Strong  stimulation  of  the  viigus 
may  stop  the  entire  heart,  but  tlie  length  of  time  during  which  the 

•Englemann,  ''Archiv  f.  Physiologic,"  llWO,  p.  313,  and  1902,  uuppl. 
volume,  p.  I . 

t  ErlttngPf,  "  Archiv  f.  ci.  rrs.  Phyaiologie/'  127,  77,  1909. 
t  Flack,  "Journal  of  PhyHiology,"*'  41,  64,  1910. 
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heart  may  V>e  maintained  in  this  condition  varies  in  different  species 
and  indeed  to  some  extent  in  differcnt  individuals.*  In  some  aru- 
mals — cate,  for  example — the  strongest  stimidation  of  the  nerve 
aervffi  frwiuently  only  to  slow  the  heart  instead  of  caiising  complete 
standstill.  In  tlogs  the  heart  is  stopi)ed  In*  relatively  weak  stimu- 
lation, although  if  the  stiuiulation  is  mauitained  the  heart,  as  a 
rule,  escapes  from  the  inhibition.  In  some  dogs  the  heart  may 
be  held  inliiiiited  long  enough  to  cause  the  death  of  the  animal 
iinless  artificial  respiration  is  maintained,  but  usually  the  heart 
beat  soon  lireakvS  tlirough  the  complete  inhibition.  The  "inner 
stimulus"  in  such  cases  increases  in  strength  sufficiently  to  overcome 
the  opposing  inhibitors'  influence,  and  this  circumstance  may  I)e 
regarded  as  an  argiuuent  against  those  views  that  trace  the  origin  of 
the  "  inner  stimulus  "  to  some  of  the  products  fonne<l  during  theca- 
taholism  of  contraction.  Moderate  stimulation  nf  the  vagus,  suHi- 
cient  simply  to  slow  the  rate  of  ))eat,  can  be  maintained  without  dimi- 
nution in  effect  for  very  long  periods:  indeed,  as  is  explained  in  the 
next  paragraph,  the  heart  beat  Ls  kept  partially  inhibited  more  or 
less  continuously  through  life  l)y  a  constant  activity  of  the 
vagus.  In  the  cold-blooded  animals,  especially  tlie  terrapin, 
the  heart  may  be  kept  completely  inhibited  for  hours  by  stimu- 
lation of  the  vagus.  Mills  reports  that  he  has  kept  the  heart 
of  the  teiTai>in  in  this  condition  for  more  than  four  hours.f 
M*is1  observers  state  that  complete  inhibitidn  ran  be  maintained 
for  a  longer  time  when  the  stimulus  is  ap()lied  alternately  to 
the  two  vagi,  but  it  is  possible  that  this  result  is  due  to  the  fact 
that  continuous  stimulation  applied  to  a  nerve  usually  results 
in  some  local  loss  of  irritability. 

Reflex  Inhibition  of  the  Heart  Beat — Cardio-inhibitory 
Center. — The  inhibitory  fibers  may  lie  stimulated  reflexiy  by  action 
upon  various  sensorv-  nerves  or  surfaces.  One  of  the  first  experi- 
mental proofs  of  this  fact  was  fiirnislietl  hy  fJoItz's  often-quoted 
*'Klopfversuch."t  In  this  experiment,  niade  ujwn  frogs,  the  ob- 
server obtained  standstill  of  the  heart  by  light,  rapid  taps  on  the 
abdomen,  and  the  effect  upon  the  heart  failed  to  appear  when  the 
vagi  were  cut.  In  the  mammals  every  laboratory*  worker  has  had 
numerous  oppr>rtnnities  to  observe  that  stimulation  of  the  central 
stumps  of  sensor>'  ner\'es  may  cause  a  reflex  slowing  of  the  heart 
beat.  The  eflfect  is  usually  ver>'  marked  when  the  central  stump 
of  one  vagus  is  stimulated,  the  other  vagus  being  intact.  The 
vagus  carries  aflferent  fil>ers  from  the  thoracic  and  abdominal 
viscera,  and  most  ol>server8  state  that  the  heart  may  be  ref^exly 
iiihibited  most  readily  by  simulation  of  the  sensory  surfaces  of 

•See  HoukIu  'Moumal  of  Physiology,"  18,  161,  1895. 

t"  Journal  of  Physiologj'/'  6,' 245. 

iOoltc,  "  Virchow'a  Aj^hiv  f.  pathol.  Anatomie,  etc.,"  26,  11,  1863. 
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the  abdominal  viscera,  by  a  blow  upon  the  viscera,  for  example, 
or  by  sucldeu  distension  of  the  stomach.  In  man  similar  results 
are  noticed  very  frequently.  Acute  dyspepsia,  inflammation  of 
the  peritoneum,  painful  stimulation  of  sem^or}*  surfaces, — the 
testes,  for  instance^  or  tho  raitldle  ear,^may  cauac  a  marked  slowing 
of  the  heart, — a  condition  designated  as  bradycardia.  What 
takes  place  in  all  such  cases  is  that  the  afferent  impulses  carried 
into  the  central  nervous  sj^stem  refiexly  sTImulate  tlie  nerve  cells 
in^e'metiulla  which  gtVti  origin  to  the  Miibitoiy  filx^rsT  These 
cells  form  a  part  of  the  great  motor  nucleus  (N.  ambigriuis)  from 
■which  arise  the  motor  fibers  of  the  \'agus  and  the  glossophatyngeus. 
The  particular  grouj)  of  cells  from  which  the  intiibitory  filx^i's  to  the 
heart  originat-e  has  not  htH*n  delimited  anatomically.  Efforts  have 
been  made  to  locate  them  by  vivisection  experiments,  liut  thia 
method  has  showTi  no  more  perhaps  than  that  they  are  found  in  the 
region  of  origin  of  the  vagus  nerve.  Physiolojiicalty,  howc\'cr,  this 
group  of  cells  forms  a  center  which  is  of  the  greatest  importance  in 
controlling  the  activity  of  the  heart.  U  is  designatcfi.  therefore,  as 
the  caTdw-inhibiionj  center.  We  may  define  the  carflio-inhibitory 
center  as  a  bilateral  group  of  cells  jytnu  in  the  medulla  at  the  level  of 
tTie  nucleus  of  the  va^is  and  givin^^  rist*  to  the  iiduhitorv  fibers 
01  tlie  heart.  The  two  sides  are  pn»bahly  connected  l>y  com mis- 
sural  cells  or  else  each  nucleus  sends  fii>ers  to  the  vagus  of  each 
side.  Through  this  center  all  reflexes  that  affect  the  heart,  by  way  of 
the  inhibitor\*  fibers  must  take  place.  These  reflexes  may  be  occa- 
sioned by  incoming  sensorv*  impulses  through  the  spinal  or  cranial 
nerves,  or  by  impulses  coming;;  down  from  the  higher  fwrtions  of 
the  brain.  The  center  may  also  be  stimulated  directly,  either  by 
pressure  upon  the  meihilla,  wliich  may  give  rise  to  slow  heart  beats 
or,  as  they  are  sometimes  called,  vagal  l)eat«,  or  by  changes  in  the 
composition  of  the  blutjd.  With  reganl  to  the  reflex  stimulation  of 
this  center  it  is  important  to  bear  in  mind  the  general  physiological 
rule  that  afferent  impulses  may  either  excite  or  inhibit  the  activity 
of  nerve  centers.  In  the  former  case  the  heart  rate  would  be 
slowed,  in  the  latter  case  it  would  be  quickened  if  the  center  were 
previously  in  a  state  of  acti\ity. 

The  Tonic  Activity  of  the  Cardie-inhibitory  Center. — The 
cells  of  the  cardio-inhibJtory  center  are  in  constant  acti\dty  to  a 
greater  or  less  extent.  As  a  consequence,  the  heart  beat  is  kept  con- 
tinually at  a  slower  rate  than  it  would  normally  assume  if  the 
inliibitor>*  apparatus  riid  not  exist.  This  tonic  acti\ity  of  the  vagus 
b  beautifully  exhibited  by  simple  section  of  the  two  vagi,  or  by  inter- 
rupting, in  some  other  way — cooling,  for  exanaple — the  connection 
between  the  center  and  the  heart.  When  the  two  vagi  are  cut  the 
heart  rate  increases  greatly  and  the  blood-pressure  rises  on  account 
of  the  gi'eater  output  of  blood  in  a  unit  of  time  (Fig.  242).    Section 


I 


severed  separately  varies  undoubtedly  with  the  conditions, — for 
instance,  with  the  intensity  of  the  tonic  actixity  of  the  center. 
Throughout  life,  speaking  in  general  terms,  the  cardio-iiihibitory 
center  keeps  the  "brakes'*  on  tlie  heart  rate,  aud  the  extent  of  ita 
action  varies  under  different  conditions.  When  its  tonic  action  is 
increased  the  rate  Isccomes  slower;  when  it  is  decreased  the  rate 
becomes  f.'ister.  In  all  probability,  this  tonic  action  of  the  center, 
like  that  of  the  motor  centers  generally,  is  in  reality  a  reflex  tonus. 
That  is,  it  is  not  due  to  automatic  processes  generated  within  the 
nerve  cells  by  their  own  rnctabolispi  or  by  changes  in  their 
liquid  environment,  but  to  stimulations  received  through  sensory 
nerves.  The  continuous  though  varying  inflow  of  impulses  into 
the  central  nervous  system  tlirougli  different  nerve  paths  keejis 
the  center  in  that  state  of  permanent  gentle  activity  which  we 
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ignate  as  '*tone."     It  is  possible,   of   course,   that   crrtain 

afferent  paths  may  be  in  specially  close  functional  relationship 
to  the  center,  and  the  fact  that  at  each  heart  beat  its  own 
sensory  fibers  are  stimulateti  (p.  604,  Fig.  280)  would  suggest 
that  these  fibers  may  have  this  function. 

The  Action  of  Drugs  on  the  Inhibitory  Apparatus.— The 
existence  of  the  inhibilori'  Hl>era  to  the  heart  furnishes  a  means 
of  explaining  the  cardiac  action  of  a  number  Of  drugs, — atropin, 
muscarin  or  pilix-arpin,  nicotin,  curare,  digitalis,  etc., — for  the 
details  of  which  reference  must  be  made  to  works  on  phamiacologj'.* 
The  action  of  the  first  three  named  illustrates  especially  weU  the 
application  that  has  been  made  of  physiology'  in  modem  phanna- 
cologj'.  Atropin  administered  to  those  animals,  such  as  the  dog 
or  man,  in  wliich  the  inhibitory  fibers  of  the  vagus  are  in  constant 
acti\'ity,  causes  a  (juickening  of  the  heart  rate.  Indeed,  the  heart 
beats  as  rapidly  as  if  both  vagi  were  cut.  After  the  use  of  atropin, 
moreover,  stimulation  of  the  vagus  nerve  fails  to  produce  inhil>ition, 
!  The  action  of  atropin  is  satisfactorily  explained  by  assuming  that 
it  paralyzes  the  endings  of  the  (postganghonic)  inhibitor>*  fillers 
in  the  heart  muscle,  just  as  curare  paralyzes  tlie  tenninations  of 
the  motor  fibers  in  skeletal  muscle,  Atropin  exercises  a  similar 
effect  upon  the  ner\'e  terminations  in  the  intrinsic  muscles  of  the 
eyeball  and  in  many  of  the  glands.  On  the  contrary,  when  mus- 
carin or  pilocarpin  is  a<iministered  it  causes  a  slowing  and  finally 
a  cessation  of  the  heart  beat.  Since  this  effect  may  l>e  removed 
by  the  subsequent  use  of  atropin  it  is  assumed  that  the  two  former 
drugs  excite  or  stimulate  the  endings  of  the  inliibitorv'  fif>ers  in 
the  heart  and  thus  bring  the  organ  to  rest  in  diastole,,  as  liappens 
after  electrical  stimulation  of  the  vagus  ner\'e.  Some  authors, 
however,  believe  that  these  drugs  do  not  act  upon  the  terminals 
of  the  vagus  fibers,  but  ufwin  the  nmst'ular  ti;ssiie  Itt^elf  or  ui>on  a 
specialized  *'  receptive  substance "  (Langley)  contained  in  the 
muscle.  A  final  statement  cannot  be  made  upon  this  point,  but 
the  current  belief  is  that  tlie  atropin  paralyzes  while  the  muscarin 
or  pilocarpin  stinnilatcs  the  endings  of  the  inhihitor>'  fibers  in  the 
substance  of  the  heart. 

The  Nature  of  Inhibition.— Since  the  discovery  of  the  inhibi- 
tory nervcij  of  the  heart  furnished  the  first  conclusive  proof  of  the 
existence  in  the  bofly  of  definite  nerve  fibers  with  ap]>arently  the 
sole  function  of  inhibition,  it  s(*ems  appropriate  in  this  connection 
to  refer  to  the  views  regarding  the  nature  of  this  process.  Several 
general  views  of  the  nature  of  inhibition  have  been  proposed,  but 
the  one  that  is  most  definite  and  has  met  with  most  favor  is  that 

*  Consult  Cushny,  "Text-book  of  I'harmuoologj-  and  Thorapeutics/'  Phila- 
delphia. 
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suggested  by  Gaskell.*  This  author  has  shown  that  the  after-effecte 
of  stimuintion  of  the  inhibitory  fif>ers  are  l>€neficial  rather  than  in- 
jurioua  to  the  heart ;  that  is,  under  certain  drcumstances  an  improve- 
ment may  be  noticed  in  the  rate  or  force  of  the  beat  or  in  the  con- 
ductivity. He  has  also  shown,  by  an  interesting  exix?riment,  that 
during  the  state  of  inhibition  the  heart  tissue  is  made  increasingly 
electropositive  in  comparison  with  a  dead  portion  of  the  tissue. 
To  show  this  fact  the  tip  of  the  auricle  was  killed  by  heat  and  this  spot 
(a)  and  a  point  at  the  base  of  the  auricle  (6)  were  connected  with  a 
galvanometer.  Under  such  conditions  a  strong  demarcation  cur- 
rent was  obtained  flowing  through  the  galvanometer  from  6  to  a. 
If  the  auricle  contracted  a  negative  variation  resulted,  since  during 
activity  6  became  less  positive  as  regards  a.  If,  on  the  contrar>', 
the  aiiricle  was  inhihite<l  by  stimulation  of  the  inhibitory*  fibers 
a  positive  variation  was  ol>tained;  b  became  more  ix)eitive 
toward  a.  On  the  basis  of  such  results  tiaskell  concludes  that 
inhibition  in  the  heart  is  due  to  a  set  of  metabolic  changes  of  an 
opposit-e  character  to  those  occurring  during  contraction.  In  the 
latter  condition  tlie  metabolism  is  catabolic.  and  consists  in  the 
breaking  down  of  complex  substances  into  simpler  ones  with  the 
liJjeration  of  energy'  ss  heat  and  work.  During  inhibition,  on  the 
contrar\',  the  processes  are  anabolic  or  sv^nthetic  and  result  in  the 
formation  of  increasetl  contractile  material  when?by  the  condition 
of  the  heart  is  inif^roved.  He  would  regard  the  inhibitory  fibers, 
therefore,  as  the  anabolic  nerve  of  the  heart  and  (heir  cf instant 
action  thmughout  life  as  an  aid  to  the  nutrition  of  the  heart.  The 
same  general  view  may  be  extendefl  U*  all  cases  of  inhibition,  and 
Gaskell  believes  that  all  nuiscular  tissues  are  supplieil  with  anabolic 
(inhibitory)  and  catabolic  (motor)  fibers.t 

A  morp  specific  theory  upplicablf  to  the  ca«e  of  the  heart  ha«  been  proposed 
by  t)ir  autlior.J  In  experimmM  riiattr  ufKin  tUe  iw>lat<^d  heart  of  the  doe  it 
h&8  ixH^n  rtJiown  that  during  stiuuilalioii  of  the  vaKii-**  poi.ai«iuin  in  (iifTusiole 
form  iw  jiivrn  off  from  the  heart  nnisrh'  iaurioh's).  It  is  known  that  jMita^isium 
saltA  in  a  cerluin  concoutratioii  in  tlio  circulating  tiquiii  will  brin>f  the  ht'urt 
to  a  stand-btilJ,  and  the  wtatc  of  pota-ssium  inhibition  thus  producetj  reaembk** 
very  cloflcly  the  state  of  va^a  inlubition.  Since  the  va^us  when  stimulated 
libfrates  potassium  in  a  dtfTustblc  form,  it  ia  suggestea  that  ita  action  in 
BtoppioR  the  heart  is  eflfected  throiyjh  the  agency  of  this  nubstance.  The 
potasaium  exiats  in  large  perc>entage  in  the  heart-muHcle,  but  in  a  combined 
torni,  and  the  theory  a.se<ume.H  that  the  vagus  impulse-^  initiate  a  diaaociation 
or  cleavage  of  some  aort  which  setH  free  some  poiaasium  in  soluble  fonn.  If 
it  i«  aasumed  tliat  this  liberation  takes  place  in  the  part  of  the  lieart  in  which 

•  Gaekdl,  *' Philosophical  Transactions  of  the*  Roya!  Society,'*  London; 
Croonian  I^ecture,  part  rii.  1K.S2:  "Jounial  of  Ph>*nioloKy/"  7,  40;  and  Meek 
and  Evster,  "Ameriran  Jouriml  of  Physiologj'/'  30.  *J7I,  1912. 

t  l^or  a  general  discussion  of  thi«  idea  and  of  the  importance  of  inhibitory 
actioDs,  sec  Molzcr.  '^Inhibition/'  **New  York  McMiical  Journal,"  May  13, 
20,  27,  1899. 

t  Howell  and  Duke,  "American  Journal  of  Phymology,"  21,  51j  1908. 
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the  beat  onginatra,  the  theory  offers  a  simple  explanation  of  the  stoppage  of 
the  beat,  of  the  quick  recovery  after  stimuIatioD  ceases^  and  of  the  retention 
of  irritability  to  direct  stimula- 
tion aho^^ti  by  tlic  heart  during 
vagufi  iahibition.  A  heart  tiiat 
has  been  Htoppcd  by  an  excess 
of  potassium  chloride  added  to 
Uie  circuiting  hijviid  l^eats  very 
promptly  as  soon  as  the  excess 
of  the  potassium  i»  removed^  and 
as  in  the  case  of  vagus  inhibition 
it  seems  often  to  show  a  notice- 
able improvement  in  condition. 

That  the  inhibitory  ef- 

fect of    the    vagus    im- 

pQlsesupon  the  heart  is 
'  not  duejo  apy  pecuH^ty 
injropertieB  q£  th#>*«^ 
jeiB  or  of  the  impulsea 
^  themfldves,  blii^is  dcpc^nd- 
ent  ratherjjpon  the  pla ce 
or  manner  of  en3ingJnThe 
heart,  Iia.s  ^en  denion- 
strated  by  direct  experT- 
tncnW  Erlanger*haashowTi 
that  when  an  ordinary 
spinal  nerve  (fifth  cervical) 
is  sutured  to  the  peripheral 
end  of  the  cut  vagus,  it  will, 
after  time  for  regeneration 
has  been  allowed ,  cause, 
when  stimulated,  the  usual 
stoppage  of  the  heart. 

The  Course  of  the  Ac- 
celerator Fibers. — The 
heart  receives  efferent  or 
motor  nerve  fibers  from 
the  sympathetic  sj'stem  in 
addition  to  those  reaching  it  by  way  of  the  vagus  nerve.  Atten- 
tion was  first  called  to  these  sympathetic  fibers  by  Legallois 
(1812).  but  our  recent  knowledge  dates  from  the  experiments 
made  by  von  Bezold  (1862),  which  were  afterward  completed 
by  the  Cyon  brothers — M.  and  E.  Cyont — 1866.  Theso  fibers 
when  stimulated  cause  an  increased  rate  of  beat  and  are,  there- 
fore,  def^ignatcd   a^   the   accelerator   nerve  of   the  heart.     Their 

•Erlanger,  *' American  Journal  of  HhyBioloRy."  Ki,  372^  1905. 

t  For  the  history  and  literature  of  the  accjeleraJor  nerves,  see  Cyon,  article 
"CcBur."  p.  103,  in  Richut's  "  Dictiotmaire  de  rhysiologie/'  1900;  or  Tiger- 
Bt-odt,  ''Lehrbuch  der  Physiologie  des  Krcislaufes/'  200,  1893. 
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¥\w-  343. — Schematic  representation  of  the 
eoune  of  the  accelerator  fibers  to  the  doft's  heart 
— rijtht  Bide.  —(Modified from  Pautou.')  Theaym- 
pathelic  ncr\'e  ia  r«pre«<ent«d  In  mAul  black.  The 
course  *>f  the  occelrrator  fibers  L-  indicated  by  ar- 
rows. /,  CerMciil  >ynipatbelir  (Mmibinod  in  iicck 
with,  10,  the  vukuh:  //,  ///,  I  \\,  rami  rtmimuni- 
caiit««  from  the  second,  third,  and  fourth  thoracic 
spioal  nerves,  carryinc  mofi I  of  theacreleratorfi- 
bers  to  the  Bymjwthetic  chain;  7.annulu5of  Vieua- 
wdh;  8,  iiifenor  cervtral  eaiiBlion;  '2,  3,  4,  5, 
branches  from  vag:u8  and  vaKu-fiympalhetic  truuk 
going  to  cardiac  plexiu  (some  of  these — 3,  5, — 
carr>-  accelerator  fibera;  9,  the  inferior  Uoiifol 
nerve. 
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course  has  been  worked  out  physiologicully  in  a  number  of 
animals.  Among  tfie  niamnialia  and,  indeed,  among  different 
animals  of  the  same  sj>ecies  there  is  some  variation,  but  a  general 
conception  of  their  origin  and  course  may  be  obtained  from 
Figs.  243  and  244,  which  represent  in  a  schematic  way  the 
anatomical  path  taken  by  these  fibers.  They  emerge  from  the 
spinal  cord  in  the  anterior  roots  of  the  second,  third,  and  fourth 

thoracic  spinal  nerves.  Accord- 
ing to  some  authors  they  may 
be  found  also  in  the  fifth  tho- 
racic, the  first  thoracic,  or  even 
the  lower  cervical  spinal  nerves. 
They  pass  then  by  way  of  the 
white  rami  to  the  stellate  or 
first  thoracic  ganglion  (6),  and 
thence  liy  way  of  the  annulus 
of  Vieussens  (ansa  subclavia)  (7) 
to  the  inferior  cervical  ganglion. 
A  number  of  branches  leave 
the  sympathetic  system  and  the 
vagus  in  this  region  to  pass  to 
the  cardiac  plexus  and  thence 
to  the  heart.  The  accelerator 
fibers  are  found  in  some  of  these 
branches,  mixed  in  some  cases 
with  inhibitory  fibers  from  the 
vagus.  In  the  cat  Boehm  has 
described  a  special  branch  (ner- 
vus  accelerans)  which  runs  from 
the  stellate  ganglion  directly  to 
the  cardiac  plexus  (Fig,  244). 
The  preganglionic  portion  of  eome  of  the  accelerator  fibers  ends 
around  the  ganglion  cells  in  the  first  thoracic  ganglion,  while 
others  apparently  make  their  first  termination  in  the  inferior 
cervical  ganglion-  The  accelerator  fibers  may  be  stimulated  in 
the  spina!  roots  in  which  they  emerge  (II,  III,  IV),  in  the  annulus, 
or  in  some  of  the  branches  that  arise  from  the  annulus  or  from 
the  inferior  cervical  ganglion  (5,  3,  2).  It  will  be  borne  in  mind 
that  no  accelerator  fibers  are  found  in  the  cervical  sympathetic 
above  the  inferior  cervical  ganglion. 

At  varinuft  timefl  investi^tors  hnve  asscrtcil  that  accelrrulor  fibors  are 
contuinri]  ako  in  tfio  vugu»  nerve.  TIills^  it  haw  been  shown  that,  after  tlie 
paralyms  of  the  inhibitory  fib«?rs  in  the  heart  by  atropin,  stimtilation  of  the 
vagUA  causes  an  acceleration  of  the  heart.  Little  attention  has  been  paiii  to 
the  t)hyHiolo(5y  ^^  the«e  fibers,  Hince  it  seems  evident  that  llie  great  outflow  of 
ftcccleratord  la  made  via  the  nympathetic  system. 


Fig.  2-14.— Sketch  to  show  the  socet- 
wator  'nnrl  auffiucntor)  branrhm  from  the 
ttellKt«  icaiiitU<Tii  (in  tlic  cut,  k*fl  side):  1, 
IliB  ventiiil  bntnch  of  the  onnultu  (ana* 
pubclaria);  2.  ^mall  brunch  ttot  couitaatly 
preeent;  3,  Boehm'^t  acrelomtor  uarve 
(N.  oardiacuH  o  gaogliu  slcllato). 
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The  Action  of  the  Accelerator  Fibers. — In  experimental 
work  the  accelerators  are  usually  stimulated  in  one  or  more  of  the 
branches  represented  schematically  as  5,  3,  6,  in  Fig.  243,  or  3,  in 
Fig.  244,  The  effect  Is  an  increase  in  the  rate  of  beat  of  the  heart, 
which  may  be  verj''  evident,  amounting  to  as  much  as  70  per  cent. 
or  more  of  the  original  rate,  or  may  be  ver>'  slight.  Wlien  accelera- 
tion is  obtained  tlie  latent  period  is  considerable  and  the  heart 
does  not  return  at  once  to  its  normal  late  upon  cessation  of  the 
stimulus  (see  Figs,  245  and  246).  In  some  cases  the  effect  ujwn  the 
heart  is  an  acceleration  pure  and  simple, — that  is,  the  rate  of  beat  is 


Fl(.  245. — ^To  abow  the  ftccclerntioD  of  the  heart-rate  Id  doff  upon  stimulation  of  the 
•ooelermlor  fitwra.  The  upporrnost  line  (tivrn  the  heart-rnte  aa  recorded  bv  a  HllirthU-  nmnomcUrr 
iB»rt«d  into  the  carotid;  the  middlf  line-  indicatet  the  becinninc  aod  duralioD  of  ihe  Mimulue 
(teta niaing  ipduclJon  »hoclM>:  the  tHittom  line  marks  SRCcinds.  The  puliN»~rnte  nras  tnrn.*upd 
rroa  105  to  135  per  minute.  The  heart  did  not  recover  ilM  cormal  rate  unlil  (birly  wcundi 
after  the  etitnulatioa. 


increased  without  any  evidence  of  an  increase  in  the  force  of  the 
beat*.  The  larger  number  of  beats  is  offset  by  the  fsmaller  amplitude 
of  each  beat;  so  that  the  blood -pressure  in  the  arteries  is  unchanged. 
In  other  cases  the  effe<:t  upon  the  heart  may  L>e  an  increase  not  only 
in  rate  but  also  in  the  force  or  amplitude  of  the  beats,  or  the  rate 
may  remain  unaffected  and  only  the  amplitude  of  the  heart 
beats  be  increased.  For  thase  reasons  most  authors  favor  the 
view  that  the  ac^elerator  nerves,  so  called,  contain  in  reality 
two  sets  of  fibers,  une,  the  accelerators  prf»per,  wiiose  function 
is  simply  to  accelerate  the  rate,  and  one,  the  augmentors,  that 
cause  a  more  forcible  beat.  The  augmenting  action  is  obtained 
especially  from  the  nerves  of  the  left  side. 

Tonicity  of  the  Accelerators  and  Reflex  Acceleration. — 
The  results  of  the  most  careful  work  show,  without  ilouhl,  that  the 
accelerators  to  the  heart  are  normally  in  a  state  of  tonic  activity.* 

*  For  a  discujwion  of  this  and  other  p<Hnts  in  the  physioJojcy  of  the  ac- 
celerators see  H»iiit,  "Americftn  Jnunm!  of  Physiology,"  2,  395,  189Q,  and 
"Journal  of  KxperiaieuLal  Medicine,"  2,  151,  I8i)7 
38 
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When  thfsc  norvesarecutupun  bothsitlcstht'  heart  raU*  is  decreased. 
W'c  must  hflunt-,  tliyrpfore,  that  muiuLaurinal  condition>i  the  heart 
muaclejg  imdiir.  the  constajit_i:Qiitrol  of  two  antagonistic  mflu- 
eneefi^ne  through  tiic  inhiljitory^bers  tending  to  sTow  IttG  rate, 
ortetHiwigh  the  accelenitoriibere  tending  to  qmcTven  the  rater  ~The 
actOaTrate  at  any  moment  is  the  resultant  of  these  two  Influences. 
While  such  an  armngement  seems  at  fii*st  siglit  to  Ije  umiece9sai>' 
from  a  mechanical  sUindpoint,  it  is  doubtless  true  tliat  it  possesses 
some  distinct  advantage.  I'ossibly  it  makes  the  heart  more 
promptiy  responsive  to  reflex  regulation.  Balanced  mechanisms 
of  this  kind  are  found  in  other  parts  of  the  body  where  smooth  and 
prompt  reactions  to  stimulation  seem  to  be  especially  necessar>', — 
for  example,  the  constrictor  and  tUlator  libers  of  the  iri.s,  the  ex- 
tenfjor  and  flexor  nmsi-les  of  the  joints,  etc.  Physiologists  have 
studie<l  exi>eriineritahy  the  effect  upon  the  heart  of  stimulating 
simultaneously  the  inhibitory  and  the  accelerator  nerves.  The 
work  done  upon  this  subject  by  Hunt  .seems  to  make  it  very 
certain  that  in  all  such  cases  the  result,  so  far  as  the  rate  is 
concerned,  is  the  algebraic  sum  of  the  effects  of  the  separate 
stimulations  of  the  nerve.  ThiijTihibitorv  and  the  accelerator 
fibers  mu9t_bc_cQ_nsidered^  therefore,  as  true  antagonistSj'act ing 
in  opprgite  ways.jipQ.a- the  heart.  The  existence  of  the  accel- 
erliforncrves  makes  possible,  of  course,  their  reflex  stimulation. 
Experimentally  it  Ls  found  that  stimulation  of  various  sensory 
nerves — those  of  the  limbs  or  trunk,  for  instance — may  cause 
reflexly  either  an  increase  op  decrease  in  the  heart  rate,  and  as 
a  matter  of  experience  we  know  thai  mir  heart  rate  may  be 
increased  by  various  changes,  particularly  by  emoti(»nal  states. 
The  natural  explanation  of  such  accelerations  is  that  they  are 


FiK-  24A. — To  »)iow  (ho  acfelemtiun  aD<l  atiicmpntatioti  pro<tu(?ed  by  a  xtronK  «)tiriiiilii«. 
Isolatvtl  cal'd  heart,  itiniiilation  uii  left  rid*.  Tlic  upper  i-urvp  jdve*  the  veiitrirtilar 
oontrmc.iooii.  the  lower  one  the  auricutar  r«jntraPtion»<.  'Hie  luwenuo»i  line  civei*  the 
time  in  secondii  and  thfl  lin«  above  indicate*  lb«  (iumUou  nf  the  >ftruulattan  cif  th«  ac<«el- 
eratcT  non'e. 

due  to  reflex  stimulation  of  the  nerve  cells  in  the  central  nervous 
system  wliich  give  rise  to  the  accelerator  fibers.  But  another 
point  of  view  is  possible.  An  increiise  in  heart  rate  muy  be 
bn)ught  about  eitlier  by  a  reflex  stimulation  of  the  accelerator 
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fibers  or  by  a  reflex  iahibition  of  the  cardio-inhibitory  center. 
Hunt  esj^eoially  has  presented  many  experimental  farts  which 
indicate  that  an  iiicre.'ise  in  heart  rate  from  reflex  ant  ion  may  he 
produced  by  an  inhibition  of  the  tonic  activity  of  tlie  cardio- 
inhibitory  center.  He  finds,  for  nistance,  that  when  tlie  two 
vagi  are  cut  stimulation  of  various  sensory  nerves  fails  to  give 
any  increase  in  the  already  rapid  heart  rate,  while,  on  the  eon- 
trary,  when  the  two  accelerator  paths  are  cut  a  reflex  increase  in 
heart  rate  may  he  obtained  readily.  Tlie  negative  result  after 
previous  section  of  the  vagi  may  well  be  due,  however,  to  the 
fact  that  the  heart  is  tlien  beating  at  a  very  rapid  rate,  too 
rapid  ft>r  the  pnifhiction  of  an  adJitioual  acceleration  thnmgh 
the  ordinary  |>hywioh>gical  mechanism.  Acting  on  this  view, 
Hooker*  has  shown  that  if  the  heart  is  kept  slowed  by  artificial 
stimulation  of  the  peripheral  end  of  the  vagi,  then  various 
sensory  stimuli  will  [>rovoke  a  reflex  acceleration  wliich  can 
only  occur  through  the  accelenitor  center.  We  may  concUide, 
therefore,  that  the  a<Teleriitor  and  the  inhibitory  fibers  are  work- 
ing constantly  on  the  heart,  and  that  its  rate  is  the  resultant  or 
algebraic  sum  of  their  effects,  and  that  sudden  changes  in  this 
rate,  such  ajs  follow  fronx  sensory  or  psychical  disturbniices  of  any 
kind,  may  be  referred  to  a  reflex  effect  upon  either  the  cardio- 
inhibitory  or  the  accelerator  center.  While  physiology  has  demon- 
strated the  general  properties  of  the  regulating  nerves  of  the  heart, 
the  inhibitory,  on  the  one  hand,  and  the  accelenitor  and  juignu^n- 
tor  on  the  other,  it  is  necessiiry  for  much  more  work  lo  \yi'  done  in 
order  to  explain  satisfjictorily  how  these  nerves  participate  in  the 
various  normal  and  pathological  changes  of  rate  and  force  of  beat. 

The    Accelerator     Center. — Tlie   acrelerator   fitwrs   arise   primarily   in 

tlie  t-entral  nervous  *yMein.     Siiire  stiinulatiou  of  the  u]>iK?r  rervicjil  re^'mn 

of  the  corti  caii.se-*  airelemlton,  it  seems  evitleiil  that  the  path  must   l^CRin 

^BoiDewhere  iu  the  brain.     It  hiu*  been  as^umeil  that,  hke  the  itihitiitory  r)l>er>, 

kthe  path  starts  in  the  uiedulla,  aiul  thatj  ChcreFore.  the  cells  in  that  organ 

[whicn  give  rise  to  the  aci*eleralor  fiber*  constitute  the  accelerator  cetit^r 

[through  which  reflex  efTe^-ts,  if  any,  lake  place.     As  a  matter  of  fact,  the 

llocation  of  the:*e  cell:*  of  origin  has  not  Ijeen  made  out  satisfactorily.     The 

inaatterofTers  mi  usual  (hfticully  on  tlie  experimental  siile.owioK  to  theexiytence 

of  tiie  canlio-inhihitorj'  center  ifi  tlie  rnf-ihilla  ami  the  ali>*eiire  of  any  entirely 

flatisfa<-tor>'  rnethoil  of  (hstiti^'Ji'^ltirie  rerlairily  hetueen   retiex  acceleration 

through  this  center  and  throtigli  the  at^celerator  center. 

•Hooker,  "American  Journal  of  Fhysiology, "  U*.  417,  1907- 
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CHAPTER  XXXI. 

THE  RATE  OF  THE  HEART  BEAT  AND  ITS  VARIA- 
TIONS UNDER  NOBMAL  CONDITIONS. 

The  rat«  of  heart  l>eat  changes  quick!}'  in  res|.ionse  to  variationfl 
in  either  the  internal  or  external  conditions.  Therein  lies,  in  fact, 
the  great  value  of  the  regulatory  (inhibitor>'  and  accelerator)  nerves. 
Through  their  agency,  in  large  jiart,  the  puinp  of  the  circulation  is 
reflexly  adjusted  to  suit  the  changing  needs  of  the  organism  and 
adapt4?d  more  or  less  successfully  to  alterations  in  the  external 
environment.  The  variations  in  the  rate  of  beat  may  l)e  considered 
under  three  general  heads:  (I)  Fixed  adjustments  to  the  difTerent 
mechanical  conditions  of  the  circulation.  (II)  Variations  caused 
by  reflex  effects  upon  the  inhiiiitorv'  or  accelerator  nerves.  (Ill) 
Variations  caused  by  changes  in  the  physical  or  chemical  conditions 
of  the  bluod. 

The  Fixed  Adjustments  of  Rate. — When  we  speak  of  the 
normal  puise  rate  we  mean  the  rate  in  an  adidt  when  in  a  condition 
of  mental  and  bodily  rej>ose,  Exanunation  shows  tliat  under  these 
circumstances  there  are  great  indi\idual  X'ariations.  The  average 
normal  rate  for  man  may  be  estimated  at  70  beats  per  minute; 
for  woman,  78  to  S()  Ijeats;  but  the  normal  rate  for  some  individuals 
may  be  much  lower  (5i>}  or  much  higher  (9()).  Among  the  condi- 
tions for  which  the  heart  rate  shows  a  certain  constant  fixed  adapta- 
tion the  following  may  be  mentioned: 

Vuriatixyn^  wUh  Sex, — The  average  pulse  rate  in  women  is,  as 
a  rule,  higher  than  that  in  men,  and  this  tUfference  seems  to  hold 
for  all  periods  of  life. 

VaruUii*ns  loith  Size. — ^Tall  individuals  have  a  slower  pidse 
nite  than  short  jx?rsons  of  the  same  age.  Several  observers  have 
thought  that  they  coidd  detect  a  constant  relatioaship  between 
size  and  pulse  rate.  Thus,  Volkmann  Ijclieved  that  the  pulse 
rate  varies  inversely  as  the  five-ninth  power  of  the  height.  In 
the  same  direction  it  is  found  that  small  aniiuals,  as  a  rule,  have 
a  higher  pulse  mt^  than  larger  ones.  Thus,  elephant,  25-28; 
horse  and  ox,  36-50;  sheep,  60-80;  dog,  100-120;  rabbit,  150; 
mice,  700.  The  smaller  the  animal,  speaking  generally,  the  more 
rapid  is  the  consumption  of  oxygen  in  its  tissues,  and  the  increased 
demand  for  oxygen  is  met  by  an  acceleration  of  the  flow,  due  to 
the  quicker  beat  of  the  heart.  According  to  Buchanan*  the  heart 
of  the  canary  Ijeats  at  the  extraordinary  rate  of  1000  per  minuta 
•  Buchanan,  "Science  Progresfl,"  July,  1910. 
596 


THE  RATE  OF  THE  HEABT  BEAT 


597 


Variations  wi-th  Age. — In  line  with  the  last  oon<lition  it  is  found 
in  man  that  the  piilse  rate  is  highest  in  infancy,  sinks  quite  rapidly 
at  first  and  then  more  slowly  up  to  adult  life,  and  rises  again 
slightly  in  ver>'  old  age  at  the  time  that  the  body  undergoes  a 
perceptible  shrinkage.  The  most  extensive  data  upon  this  point 
are  found  in  the  works  of  the  older  observers.*  According  to  Guy, 
a  condensed  summary'  of  the  average  results  obtainefl  at  different 
periods  of  life,  both  sexes  included,  may  be  given  as  follows: 

At  birth 140 

Infancy 120 

ChildhootI 100 

Youth 90 

Adult  age 76 

Old  age 70 

Extreme  age 75-SO 

The  Variations  in  Pulse  Rate  Effected  through  the  In- 
hibitory and  Accelerator  Nerves. — .Alost  of  the  sutlden  adaptive 
changes  of  the  heart  rate  come  under  this  head.  In  the  lal>(>ratory 
we  fiiui  that  stimulation  of  all  sensor}^  nerve  trunks  may  affect 
the  heart  rate,  in  some  cases  increasing  it,  in  otherss  the  reverse. 
In  life  we  find  that  the  pulse  rate  is  very  responsive  to  our  changing 
sensations  and  especially  to  mental  conditions  that  indicate  deep 
interest  or  emotional  exeiterneut.  In  a  previous  paragraph  (p.  593) 
the  physiological  cause  of  this  effect  has  l>ecn  {Hscus^hhI  briefly.  It 
may  arise  either  from  a  reflex  excitation  of  the  accelerator  ncrvee 
or  a  reflex  inhibition  of  the  tonic  activity  of  the  inhiVfitorj'  nerves. 
The  facts  at  present  seem  to  indicate  thatl>oth  mechanisms  are  used. 
In  addition  to  these  reflexes  associated  with  conscious  states  the 
heart  is  susceptible  to  reflex  influences  of  a  totally  unconscious  char- 
acter connected  with  the  states  of  activity  of  the  visceral  organs. 
For  example,  after  meals  the  heart-beat  increases  usually  in  rate 
and  especially  in  force  of  beat,  thereby  counteracting  the  effect  on 
blood-pressure  of  the  large  vascular  dilatation  in  the  intestinal  area. 

Variotions  in  Heart  Rate  with  the  Condition  of  Bloofi-pressure, — 
It  has  long  been  known  tliat  when  the  blood-pressure  in  the  arteries 
falls  the  pulse  rate  incrciises  ami  when  it  rises  the  jiulse  rate  de- 
creases. ThiLS,  the  low  bloori-pressure  that  is  characteristic  of 
the  condition  of  surgical  shock  is  associated  with  a  very  rapid 
rate  of  heart  beat.  There  is  a  certain  inverse  relationship  between 
pressure  and  rate  which  has  the  characteristics  of  a  compensatory 
adaptation.  The  quicker  pulse  rate  following  upon  the  low  pressure 
tends  to  increase  the  output  of  blooil  and  raise  the  pressure.  There 
was  formerly  much  discussion  ns  to  whether  this  relationship  is 
brought  about  by  reflexes  through  the  extrinsic  nerves  of  the 

•  Scc!  Volkmann,  "Die  Harno<iynjimik,"  p.  427,  1850:  also  Guy,  article 
"Pulse"  in  Totl<r8  "Cyclopauiia  of  Anatomy  anil  PhyBiology,'*  1847-49. 
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heart  or  whether  it  is  due  to  some  direct,  perhaps  mechanical, 
effect  upon  the  heart.  The  experiments  of  Newell  Martin  upon 
the  isolateci  heart  seem  to  have  settled  the  matter  satisfactorily.* 
By  a  method  devised  by  hiui  he  kept  ilugs'  hearts  beating  for 
many  hours  when  isolated  from  all  connections  with  the  body 
except  the  lungs.  Under  these  conditions  it  was  found  that 
even  extreme  variations  in  blood-pressure  did  not  affect  the 
heart  rate.  Consequently,  the  variation  that  does  take  place 
under  normal  conditions  must  be  due  to  a  fttiniuiation  of  the 
cardiac  nerves.  A  rise  of  pressure  in  the  arteries  may  affect 
directly  tiie  cardio-inhihitory  center  or  it  may  affect  afferent 
fibers  in  the  heart  or  arteries,  and  tlms  reflexly  stinHilate  the 
cardio-inhibitory  center.  Tliis  point  has  been  the  subject  of 
a  number  of  investigations,  but  Eyster  and  Hookerf  appear 
to  have  demouBtrated  that  both  methods  of  stimulation  occur. 
High  arterial  pressure  affects  the  medullary  center  directly 
and  thus  slows  the  rate,  but  it  affects  also  certain  sensory  fiberaj 
in  the  aurta  at  or  beyond  the  arch,  arul  through  them  causes  a| 
reflex  slowing. 

Variations  ivtVt  M uvular  Exercise, — It  \a  a  matter  of  everyday 
experience  that  the  heart  rate  increases  with  muscular  exercise. 
A  simple  change  in  posture,  in  fact,  sutfiees  to  affect  the  heart 
rate.  The  rate  is  higher  when  stalling  (SO)  tlian  when  sitting 
(70)  and  higher  in  this  latter  comlition  than  when  lying  down 
(06).  Even  light  muscular  work»  such  as  tapping  a  telegraph  key 
as  rapidly  as  |K)ss!ble,  may  raise  the  lieart  rate  from  CO  or  70  to 
over  100  p*'r  minute  (HowenJ),  wliile  the  effect  of  nutderate  or 
heavy  work  is  correspondingly  Kreuter,  the  pulse  rate  rising  to 
150,  or  even  180  per  minute.  When  the  muscular  work  is  con- 
tinued the  pulse  rate  rises  rapi<lly  to  a  certain  maximum,  which  it 
maintains  more  or  less  constantly  during  tiie  work.  After  the 
cessation  of  the  muscular  exercise  the  rate  drops  very  rapidly, 
reaching  the  nortuiil  in  a  few  siM'onds  if  the  work  has  been  light, 
but  only  after  u  long  interval,  an  hour  or  more,  in  the  case  of  ex- 
hausting nniseular  work,  such  as  long-distance  runs.  Speaking  in 
general  terms,  therefore,  it  may  Ix*  said  that  there  is  an  imi)ortimt 
imnietliate  effect  of  muscular  exercise  on  the  heart  rate,  anil  a 
longer  lasting  or  relatively  permanent  effect  observed  chiefly  after 
strenuous  long-continued  exercise.  Tliis  latter  effect  is  due,  in  all 
probability,  to  changes  in  the  blotxl  caused  by  the  waste  products 
of  the  muscular  contraction.     One  might  suppose,  for  example,  a 

•  Martin,  "Studies  from  the  Binlnnirjil  L:ibiir;itorv.  Johns  Hopkins  I'ni- 
versity,*'  2,  2\:i,  ISH'2;  hIst)  "CVilhHtcil  ritysiiilr.ijriral  hipers,"  p.  25,  IH9.5. 

t  Eyst^T  ami  Hm.Wr.  "Amrriciiii  Jotirnal  of  Phy.sioloev,"  21,  373,  1908. 

X  B(»wen,  "Cdntribulions  lo  Modical  Keacorch,"  dodicated  to  V,  C. 
Vaughnn,  lUm. 
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change  in  the  reaction  of  the  blood,  which  could  influence  the  activ- 
ity of  the  ini'dulhiry  cardiac  centers,  althonph,  jis  a  matter  of 
fact^  an  ad(V|iinte  (^x[)lauation  of  this  feature  has  not  lRH?n  fur- 
nished by  cxporirnentHi  work.  The  iuarke<i  ininieiliiUe  effect  of 
the  niusruhir  exercise  on  the  heart  rate  hius  aroascd  the  most  in- 
terest, and  it  has  Ikhmi  stu<licd  with  care  by  a  numl>er  of  observers. 
The  rapidity  witli  which  the  heart  rate  iM-gins  to  increasf  with 
nniscuhir  w<jrk  iiulirates  that  it  is  a  nervous  eflVft  wtiieh  opt^rate^ 
either  upon  the  inliiliitory  apparatus,  decrea^sinp;  its  activity,  or 
U|Km  the  acreU'nitor  jifiparatus,  inerwusiiig  its  activity.  The  ex- 
periments ma(h^  to  <h'ti'nuine  thi.s  hitter  point  have  not  given 
c(»ncurdant  results,  but  the  Itetter  evidence  intlieates  that  the  effect 
in  the  first  phire  at  kvist  is  upon  the  cardio-inhibitory  center, 
decreasing  itn  t^ne,  and,  therefore,  inrrea.sinn  the  heart,  rate. 
When,  for  example,  the  accelerator  nerves  are  exeiscHl  in  dogs,* 
moderate  exerci^-  causes  as  prompt  and  as  larKC  an  increase  in  the 
heart  rate  as  in  nonnal  animals.  Afceptinfj;  tliis  vii-w,  the  furtiier 
question  remains  as  to  whether  this  effect  is  an  ordinary  reflex 
action.  Some  authors  suppose  that  it  is.  They  assume  that  the 
sensory  nerves  in  the  muscles  are  stimulatet],  and  that  throu>?h 
them  is  IjroUKht  al«nit  a  reflex  inhibiliim  of  the  eardto-iuhibitory 
center.  Others,  however,  have  supgesteil  that  the  effect  is  n(jt  a 
refiex  from  tlic  pirriphery,  but  an  example  rather  of  irradiation  in 
the  nerve  centers.!  That  is  to  say,  the  discharge  of  voluntary 
nerve  imj)ulses  frr>tti  the  brain,  in  descending:  to  the  conj,  afFei*ts 
the  caniio-inhibitory  center  in  the  metjulla,  presumably,  on  the 
neuron  hypothesis,  by  way  of  collaterals.  Between  these  two 
points  of  view  it  is  not  possible  to  decitle  at  present. 

Variations  unth  the  Gnaeous  Condiiiofis  of  the  Blood.  — In  con- 
ditions of  asph^ocia  the  alten*d  j;as<H>us  contents  of  the  blood, 
increase  in  COi  and  decrease  in  Oa,  act  upon  the  medullary  L-enters 
of  the  cardiac  nerves,  causing,  first,  an  increase  and  then  a  decrease 
in  heart  rate. 

The  Variations  in  Pulse  Rate  Due  to  Changes  in  the  Compo- 
sition or  Properties  of  the  Blood. — The  <*ondition  under  this  hea<i 
that  has  the  most  murkefl  influence  upon  the  heart  rate  is  the 
temperature  of  the  blood.  Speaking  (generally,  the  rate  of  lieat 
increases  reptularly  with  the  tcm[X'rature  of  the  blood  or  other 
circulatinfj  liquid  \ip  to  a  certain  r>ptimura  tempemture.  On  the 
heart  of  theeold-blDuded  animal  this  relationship  is  easily  demon- 
strated by  supplying  the  heart  witli  an  artificial  circulation  of 
Ringer's  solution,  which  can  be  heated  or  cooled  at  pleasure.  The 
rate  and   force  of  the   beat    increase  to  a  maximum,  which   is 

•llaaser  and  Merk.  "Ainnrican  Jouniul  of  PhysioloRj,"  34,  4S,  1914, 
t  Johannwn,  "i^kamiiimvijichiw  Archiv  f.  Physiologic/'  ^j,  20,  1895. 
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reiir-hrd  at  about  30*^  C.  (see  Fig.  247).  Beyond  this  optimum 
temperature  the  beats  decrease  in  force  and  also  in  rate,  beeoraing 
irre^iular  or  fibrillar  before  the  heart  finally  comes  to  rest.  NeweJl 
Martin*  has  shown  the  same  relationship  in  a  very  conelusive 
way  upon  the  isolated  heart  of  the  dog.     Within  physu)logieal 

limits  (he  rate  of  l»eat  rises  anil 
falls  substantially  parallel  to  the 
variations  in  temperature  as  is 
sliown  by  the  chart  reproduced  in 
Fig.  24S.  The  act^elerated  heart 
rate  in  fevers  is  therefore  due 
pruliaijly  to  the  direct  influence  of 
the  hiph  temperature  upwu  the 
heart  itself.  The  siime  observer  de- 
terminet!  exp^Timentallj'  the  upper 
and  lower  lethal  limits  of  tempera- 
ture for  the  mammalian  heart. 
The  experiments  Avere  made  upon 
cats'  heart,*;  kept  alive  by  artificial 
circulation  through  the  coronary 
arteries,  t  It  vvfl.s  found  that  the 
hinliest  temperature  at  which  the 
hearl  will  beat  is  about  44*^  to 
45"  v.,  although  a  slightly  higher 
temperature  may  be  \vithsto<jd 
under  special  conditions.  At  the 
other  extreme  the  mannnalian 
heart  eeasc^s  to  1  *(*at  when  t  he 
tem[)eraturc  ftills  as  low  as  17°  to 

The  rat^?  of  the  heart  beat  may 

Ik*  inflnen(*ed  also  by  many  sul>- 
stances  ailded  to  the  blood.  The 
influence  of  atropin  and  rauscarin 
has  already  Ijeen  alluded  to,  but 
changes  also  in  the  normal  con- 
stituents of  tlie  blood  may  have  similar  effects.  An  increnscMJ  out- 
put of  epinephrin  from  the  adrenal  glands,  such  as  may  result  from 
emotional  excitement  (p.  621),  will  mo<lify  the  heart  beat  either 
directly  or  through  the  cardio-inliibitory  center  of  the  medulla, 
and  distinct  variatlijns  in  the  reaction  or  the  inorganic  ccmstituenta 

•  Martin,  "Crooiiiiin  b*?cturf',  PliiUi.-wjjthioal  TnuiKjic lions,  RovalSiKiftv," 
London.  171.  iSiMi.  ISM;i;  aluo  "Colleolnl  Physiol(»HJt'4iI  I'liners."  p.  40.  IS95. 

t  Martin  and  .Vpnlof^urth,  "Studiea  from  the  Biological  I-alxiratorj*.  Joliusi 
Ho|>kini<  University,  '  -4,  275,  1890;  also  "CAjllected  PhvaiologicaJ  Papers," 
p.  97,  1895. 


Fiit.  247.— To  r'how  ifie  eff«(  ol 
fenipcralurv  on  the  rate  uik)  fiir(*c  tn 
the  licnrt  beat.  Contmctioni*  i>f  the 
1«rrupin'n  ventricle  at  iUfTert'iit  tem- 
penturee.  KyninKniph  movitiK  nt 
the  mxae  fi;ieed.  At  '30°  the  rale  i& 
still  inoreuiins,  but  tbp  extent  of  ntn- 
tnutinn  huf  rHu»^(i  itt«  optiiiiuni. 
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the  1>1o<m1  may  also  affect  the  rhj'thtn  of  the  heart.    Addition  of        ^^H 
la»mm  salts  in  excess  wili  stop  the  heart  beat  entirely,  bringing         ^^B 
om  the  condition  of  potassium  inhibition,  but  such  conditions              V 
t, for  the  most  part,  except inna!  or  experimental.     In  the  usual               ■ 
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S»ic  of  life  the  heart  Ixmt  is  regulated  ami  n 
he  body  chiefly.  a.s  far  as  we  know,  thnni 
Uifiic  nerves  rather  than  through  niodilic 
^on  of  the  blood. 

dapted  to  the  needs 
ich  the  iipency  of  its 
itions  t>f  the  eom- 
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CHAPTER  XXXII. 

THE  VASOHOTOR  NERVES  AND  THEIR  PHYSIO- 
LOGICAL  ACTIVITY. 

During  the  first  half  of  the  niiiett'enth  century  the  physical  or 
mechanical  conditicms  of  the  circulation  were  carefull\'  studied  and 
great  emphasis  was  laid  upon  such  prufjerties  sta  the  elasticity  of 
the  coats  of  the  vessels.  The  physical  adaptability  thereby  con- 
ferred upon  the  vascular  tubes  was  thought  to  be  suihcient  for  the 
purposes  of  the  circulation.  We  now  know  that  many  of  the  blood- 
vessels are  supplied  with  motor  and  inhihitorv'  ner\'e  fibers  through 
whose  activity  the  size  of  the  vascular  bed  and  the  distribution  of 
blood  to  the  various  organs  are  regulated.  We  know,  also,  that 
without  this  nervous  control  the  vascular  system  fails  entirely  to 
meet  what  seems  to  be  the  most  important  condition  of  a  normal 
circulation, — namely,  the  maintenance  of  a  high  arterial  pressure. 
Although  a  number  of  physiologists  had  assumed  the  existence  ol 
nerve  fibers  capable  of  acting  \x\Hm  the  muscular  coats  of  the  blood- 
vessels, the  experimental  proof  of  the  existence  of  such  ner\'es, 
and  the  l^eginning  of  the  modem  development  of  the  theor>'  of 
vasomotor  regulation  were  a  part  of  the  brilliant  contributions  to 
physiology  made  by  Claude  Bernard*  ]n  1S51  Hemard  discovered 
that  when  the  sympathetic  nerve  is  cut  in  the  neck  of  a  rabbit  the 
blood-vessels  in  the  ear  an  tlie  same^gitje  bei^nme  very  pinrh  diijitpd. 
He  and  other  observers  aften\'ard  showed  that  if  the  peri]>herai 
(head)  end  of  the  severe<l  nerve  ia  stimulated  electrically  the  eax 
becomes  blanched,  owmg  to  a  constnction  of  the  blood-veBaete. 
Thus  the  existence  of  vastKonMnctor  nerve  npersto  the  blood-veaBeH  j 
was  demonstrated.  A  vast  amount  of  experimental  work  haa  beea' 
done  since  to  ascertain  the  exact  distribution  of  these  fil>ers  to  the 
various  organs  and  the  reflex  conditions  under  which  they  function 
nonnally.  Few  subjects  in  physiolog}'  are  of  more  practical  im- 
p(^rtance  to  the  physician  than  that  of  vasomotor  regulation;  it 
plays  such  a  large  and  constant  part  in  the  normal  activity  of  the 
various  organs.  Hemard  was  doubly  fortunate  in  being  the  first 
to  demonstrate  the  existence  of  a  second  class  of  nerve  fil>ers,  which- 
when  stimulated,  cause  a  dilatation  of  the  blood-vessels  and  which 

*See"Lifeof  riaude  Beniard/'  by  Sir  Michael  Foster,  1899,  in  the  series, 
**  Masters  of  Medicine." 
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therefore  designated  as  vasodilator  nerve  fil>er8.  This  discovery 
made  in  connection  with  the  chorda  tympani  nen'e,  a  branch 
^tke  facial,  which  sends  secretory  fiheii5  to  the  submaxillar}'  gtand. 
Whra  this  nerve  is  cut  and  the  peripheral  end  is  stimulate*!  a  secre- 
tion of  saliva  results  and  at  the  same  time,  as  Bernard  showed,  the 
bkod-ve^els  of  the  gland  dilate;  the  flow  of  blood  is  greatly  in- 
CROttd  in  the  efferent  vein  and  may  even  show  a  pulse. 

In  the  nervous  regulation  of  the  blood-vessels  we  have  to  con- 
nder,  therefore,  the  existence  an<l  physiological  activities  of  two 
aatigonistir  sets  of  ner\'e  fibers:  First,  the  vasoconstrictor  fibers, 
irtose  action  causes  a  contraction  of  tlie  muscular  coats  of  the  ar- 
teries and  therefore  a  diminution  in  the  size  of  the  vessels.  Secondi 
llic  vasodilator  nerve  fil>ers»  whose  action  causes  an  increase  in  size 
of  the  blood-vessels,  due  probably  to  a  relaxation  (inhibition)  of  the 
nuealar  coat^  of  the  arteries.  Before  attempting  to  describe  the 
pnent  state  of  our  knowledge  upon  these  points  it  will  be  help- 
ful lo  refer  to  some  of  the  methods  by  means  of  which  the  existence 
of  vasomotor  fil>ers  has  been  demonstrate*!. 

Methods  Used  to  Determine  Vasomotor  Action. — ^The 
amplest  and  most  direct  proof  is  obtained  from  mere  insj>ection, 
when  this  is  possible.  If  stimulation  of  the  nerve  to  an  organ 
cmum  it  to  blanch,  the  presence  of  ^'asoconstricto^  fibers  is  dem- 
OQfltiated  unless  the  organ  is  muscular  and  the  blanching  may  be 
regBided  as  a  mechanical  result.  On  the  other  hand,  if  stimulation 
of  the  nerve  to  an  organ  causes  it  to  become  congested  or  flushed 
with  blood  the  presence  of  vasodilator  filers  may  be  accepted.  It 
is  obvious,  however,  that  this  method  is  applicable  in  only  a  few 
instances  and  that  in  no  case  does  it  lend  itself  to  quantitative 
stiidy.  2.  \^agomotor  effects  may  be  dctpmrinf^rl  by  meaaur- 
iDg  ^be  on^flnw  of  bloQr|  from  the  veins.  If  stimulation  of  the 
nerve  to  an  organ  causes  a  decrease  in  the  flow  of  blood  from  the 
veins  of  that  organ,  this  fact  implies  the  existence  of  vasoconstrictor 
fibers,  while  an  opp<jsite  result  indicates  vasodilator  fibers.  3. 
"y  variations  in  arterial  and  venn^]^  prossurcs  WTicn  vaso- 
constnctor  fit>er8  are  stinmlated  there  is  a  rise  of  pressure  in  the 
arter}'  supplying  the  organ  and  a  fall  of  pressure  in  the  veins 
^'^^'Iging  from  the  organ.  This  result  Ls  what  we  should  expect  if 
^^  Constriction  takes  place  in  the  region  of  the  arterioles.  The 
"iminu^tjn  in  size  of  these  vessels  by  increasing  peripheral  resistance 
*^*€i^ents  the  internal  pressure  on  the  arterial  side  of  the  resistance, 
*5>d  causes  a  fall  of  side  pressure  on  the  venous  side  (see  p.  515). 
^iie  area  involved  is  large  enougfi  the  increased  resistance  will 
^^*^e  a  perceptible  difference  in  pressure,  not  only  in  the  organ 
^J?t>lied,  but  also  in  the  aorta;  there  will  l>e  a  rise  of  general  (tiias- 
■•^)  blood- pressure.     On  the  other  hand,  a  vasodilator  action  ip 
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any  organ  is  accompanietl  by  the  reverse  changes.     Perip 
resistance  being  diminished  there  will  be  a  fall  of  pressure  on  tbtl 
arterial  side  ami  a  rise  of  pressure  on  the  venous  aide.    When,[ 
therefore,   the  stimulation  of  any  nerve  brings  about  a  liar  <tf  I 
art<^rial  pressure  that  can  not  l>e  referred  to  a  change  in  the  hwtft  l 
beat  the  inference  made  is  that  the  result  is  due  to  a  \*aflocofi- 
striction.     When  the  method  is  applied  to  a  definite  organ— the 
brain,  for  instance — it  ]>ecomes  conclusive  only  when  samuitaiwooi 
observations  are  made  upon  the  pressure  in  the  artery  and  the  v«io 
of  the  organ,  and  proof  is  obtained  that  the  pressures  at  these  poinu 
vary  in  opposite  directions.    4.  By  observations  upon  the  volmrie 
ofjiiejii^iui.     It  is  obvious  that,  tjther  conditions  remaining  iid* 
changcti,  a  vasoconstricti<m  in  an  organ  will  lje  accompanied  by 
a  diminution  in  volunje.  and  a  va.wdilatation  by  an  inereaee  is 
volume.     'Jliis  znethod  of  studying  the  blowi-supply  of  an  organ ii 
designatefi  as  ptiih\ifimoqraphi/,  and  any  instrument  ilesigned  t« 
record  the  changes  in  volume  of  an  orp;an  is  a  ph-tfu/ffmoaTiipii.* 
Flethysmographs  have  been  designed  for  special  organs,  and  insurh 
cases  they  have  sometimes  F>cen  given  special  names.    'I'liiw.  the 
plethysmograph  used  ujM-jn  the  kidney  and  spleen  has  been  liadg 
nated  as  an  oncometer,  tliat  for  the  heart,  as  a  cardioraHer. 
The  precise  form  and  structure  of  a  plethysmograph  varies,  oi 
course,   with  the  organ  stutlied,   but  the  principle  used  is  the 
same  in  all  cases.     The  organ  is  inclosed  in  a  box  with  rip*l 
walls  that  have  an  opening  at  some  one  point  only,  and  ibis 
opening  is  placed  in  ctumection  with  a  recorder  of  some  kind  by 
tubing    with    rigid    walls.     The    connections   between   recorder 
and  plethysmograph  and  the  space  in  the  interior  of  the  Inlicf 
not  occupied  by  the  organ  may  be  filled  with  air  or,  as  is  more 
usually  the  case,  with  water.    The  idea  of  a  plethysmognpt* 
may  be  illustrated  by  the  skull.     This  structure  forms  a  natunl 
pelthysmograph  for  the  brain.     If  a  hole  is  bored  through  tbe 
skull  at  any  point  and  a  connection  is  then  made  with  a  recor*^*^ 
of  some  kind,  such  as  a  tambour,  the  volume  changes  of  ^"' 
brain  may  be  registered  successfully. 

The  plethy[*niogrftph  generally  employe* I  in  laboratories,  particularly  I 
vcsiiguliou.s  ciTi  nmn.  U  some  mocufication  of  the  form  ilevuied  by  Mo««j^^^^ 
Fi^.  249).  Tlie  hand  and  more  or  less  of  the  unn  Is  plm-ed  in  a  g\am  cylir**^ 
which  Is  swiinj;  freely  from  a  support.  The  opening  around  the  ami  n  5^*^ 
off  by  a  cuff  of  nihl)er  dam  that  must  be  chosen  of  such  a  site  »*— V| 
fit  the  »nn  snuply  without  comppeasion  of  the  nuperfifial  veins.  'W~^ 
fonvard  end  of  ibe  plethysmograph  is  coni»eoted  by  tubing  wit!j  &  ^ 
(•order,  llirouph  appropnate  o[»eninps  t!»e  cylinder  and  rnnneciing  tt 
are  filled  with  wann  water  and  then  all  npeninps  are  cloHotl  exoeoi  t-^ 
one  leading  to  the  recorder.  Any  increase  in  volume  of  the  arm  will  dri ' 
water   from    the    plethysmogniph    to   the   recorder,  and   any    dc^Tcaf', 

*  For  a  description  of  tlie  development  of  this  method,  see  Fran<;oi»-Franir' 
Marey's  "Truvaux  du  Laboratoire,     1876,  p.  1. 
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the  contrary,  will  auck  water  from  the  recorder  into  the  plethyamograph. 
In  the  author's  laboratory  a  modification  that  has  been  found  most  conve- 
nient 13  represented  in  Fig.  2ri0.  To  avoid  escape  of  water  at  the  upper  end 
of  the  tube  and  at  the  ^ame  lime  tu  prevent  compression  of  the  veiiiH  of  the 
arm  a  very  thin  rubber  glove  with  long  gauntlet  is  used.  The  gauntlet 
ia  strengthened  by  cuffs  of  dam  tubing,  a.**  Hhown  in  the  illu:4traLion,  and  ail 
are  reflecteil  over  the  end  of  the  pletiiysniograph.  The  outer  cuff  (3)  may 
be  omitted.  The  hand  is  iii.s4'rted  into  the  ovUii<ler  and  is  held  in  place  by 
flexing  the  fingew  through  the  ringH.  The  pie tliy sinograph  being  suspended 
freely  from  the  ceiling,  any  movement  of  the  arm  will  move  the  instrument  aa 
a  whole  without  disturbing  the  ptwition  of  the  arm  in  the  inFtrument.  By 
means  of  rings  of  hard  ruHyer  {D,E),  one  fitting  around  the  rim  of  the  plethys- 
mograph  and  the  other  mlaptetl  more  or  less  closely  to  the  aiae  of  the  lorearm. 
the  renected  portion  of  the  gauntlet  and  cuff  is  held  in  place  and  prevented 
from  giving  way  readily  to  any  rise  of  pressure  in  the  plethysmograph.     The 


Fig.  240. — A  schematic  diagram  of  Moam's  plethyunoicraph  for  theamu:  a,  tbeg^an 
cylinder  for  the  arm,  with  rubber  tUseve  and  two  tiibulaturc4  tor  filling  with  warm  water: 
a,  the  spiral  ^priim  !4winKinK  the  test  tube,  (.  The  ^prinf  1^  wj  calibrated  that  the  level  off 
the  liguiti  Ln  the  tivtt  lutic  above  the  arm  renmin.'^  uooluuigfKl  oa  the  tube  is  filled  and 
emptied.     The  movements  of  the  tube  are  recorded  on  a  drum  by  the  writing  point,  p. 


interior  of  the  latter  is  oonnet-ted,  as  shown  hi  Fig.  249,  to  a  teH  tube  swrnig 
by  a  ^piad  spring  (fiowditch's  recorder).  Tlie  spring  is  so  adjusted  by  trial  that 
it  sinks  and  rises  exactly  in  profX)rtioa  to  the  inflow  or  outflow  of  water.  Bv 
this  means  t  ho  level  of  tlte  water  in  the  tul>e  is  kept  oonstant,  antl  since  the  posi- 
tion of  thLs  level  detemiines  the  prensure  upon  the  otitside  of  the  arm  in  the 
plethysmogrnph  this  pres-^ure  is  also  kent  roristant  indejienciently  of  the 
changes  in  volume  of  the  arm.  The  level  should  be  set  m  the  l>eginning 
8o  as  to  make  a  slighi  pof^itive  pressure  on  the  arm  sufficient  to  flatten 
the  thin  glove  t^  the  skin  and  thus  drive  out  the  air  lietween  the  two. 
When  the  apparattLs  is  conveniently  arranged,  with  sUngs  to  .support  the 
elbow,  oljMen'ations  may  be  made  upon  the  changes  in  volume  of  the  arm 
during  long  neritxis.  The  results  so  obtained  are  referred  to  under  several 
headings.  With  the  form  of  reror*ler  dos^ribeil  the  ptethysmograph  gives 
usually  ordy  the  slow  changes  in  volume  of  the  unn,  due  to  a  greater  or  lees 
amount  of  bhxKl.     By  usini:  a  more  sensitive  rentrdcr  and  making  the  con- 
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nection.q  entirely  ripJ  the  smuller,  ouirker  I'hmiges  in  volume  raasetl  by  iKft 
heart  beat  are  also  recortletl.     A  volume  puLse  is  obtained  resembling  u\  \U 
feneral  form  the  i>resriure  pulse  given  by  the  sphygniogruph.      When   used 
or  tiiiH  par[>o.se  the  iu.struinent  U  (.lesfribe<l  as  a  hydros pfiygnutgraph. 

Records  taken  of  the  volume  of  the  hand,  foot,  brain,  or  any 
other  organ  show  that  in  ad<lition  to  the  changes  caused  by  the 
heart  beat  and  by  the  respiratory  movementi^,  there  are  other  more 
irrcgidar  variations  that  arc  ctmtinuaUy  occurring, the  cause  of  which 
is  to  Ije  found  in  the  variations  in  the  amount  of  blood  in  the  organ. 
Day  and  night  these  changes  in  voiunie  take  place,  and  they  are 
referable  to  the  activity  of  the  vasomotor  syst.etn.     Vasoconstriction 
or  vasodilatation  in  the  organ   itself  cause  what  may   be   called 

1 

1 

1 

'  1^.              '   --    -"     "   -'"""^ 
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Fiff.  25<>.— Detailed  dra^-infl;  of  the  (tljifl**  piethy»mn(fr«ph  with  the  arranftemen*  of  rub- 
ber glove  to  piTvent  leakinK  without  cmn|jrea&tnic  tha  veiru>.     2.  The  kIovc  with  tu  SAuntl«t 
reflected  uvcr  the  end  of  the  gXnivt  cylinder;    1  uiid  3,  BupiKirtinte  piercs  nl  ntout  rubber  tub- 
inf ;  D  and  £,  sections  <if  miter  and  inner  rinRs  <jf  hard  rubber  to  fasten  the  reflected  rubber 
tiiouijK  mnd  reduce  the  opening  for  the  &rm. 

an  active  change  in  volume.     Rut  vasocoastriction  or  vasodilata- 
tion in  other  organs  may  cause  a  perceptible  change,  of  a  passive 
kind,  in  the  volume  of  the  organ  under  observation.     For,  since 
the  amount  of  blood  remains  the  same,  a  change  in  any  one  organ 
must  affect  more  or  less  the  volume — that  is,  the  blood  contents — 
of  all  other  organs. 

General  DistributioE  and  Course  of  the  Vasoconstrictor 
Nerve  Fibers. — These  fibers  lielong  to  the  y>iupathetic  autonomic 
Bystein,  and  consist,  therefore,  of  a  pr^'gangHtiuic  fiber  arising  in  the 
central  nervous  system  and  a  postganglionic  fiber  arising  from  the 
C5eU  of  some  symputhetic  ganglion.     Tht*  general  arrangement  of 
the  autonomic  system  (p.  252)  shoukl  be  re\'iewfHi  in  this  connec- 
tion.    It  has  been  shown  by  experiment's  of  tlie  kind  described 
under  the  last  heading  that  vasoconstrictor  fibers  are  present  in 

\ 
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numerous  nen'e  trunks,  but  especially  in  those  distributed  to  the 
skin  and  to  the  abdominal  and  pehii*  organs.  If,  for  instance,  the 
sciatic  or  the  splanchnic  nerve  be  cut,  to  avoid  reflex  eflfects,  and 
the  peripheral  end  be  stiraulnte<l,  there  \v'ill  be  a  strong  constriction 
of  the  vessels,  which  may  be  detected  by  ocular  inspection,  blanch- 
ing; by  the  increase  in  arterial  pressure;  or  by  the  diminution  in 
volume  of  the  organs.  The  vasoconstrictor  fibers  supplying  these 
two  great  regions  arise  immediat'cly  (postgimglionic  fibers)  from 
one  or  other  of  the  ganglia  constituting  the  s>'mpathetic  chain,  or 
from  the  large  prevertebral  gongiia  (celiac  ganglion,  for  instance) 
directly  connected  with  it.  Ultimatel}',  of  course,  they  arise  in  the 
central  nervous  system  (preganglionic  fiber) ,  and  it  has  been  shown 
that,  for  the  regions  under  eonsideratiork-fcliey  a_!I.i_WTth  a  few  com- 
paratively jminipctrtant  pyneptions,  leaYC-the-^apinal  cord  in  the 
great  outflow  that  takes  place  in  the  thoracic  r<^Qn  from  the  second 


Tig.  251. — Schema  to  flhow  tlie  path  of  lh«  pr«fc&nplionic  anri  poKtcnnsUunic  portions 
of  a  vaaocoriHtrirtor  ncf^'e  fiber:  a.  Anterior  root,  Khnwmg  the  cciur^e  ff  the  |)r(!Rangl ionic 
fiber  a#  ft  dotted  line;  W,  v,  iloruii  anU  yentml  brandies  of  the  tpioaJ  nerve;  r,  the  ramus 
ciimniunicand;  g.  the  sj-mpathetir  Kunelion.^  The  (WMtgangliaxiir  fil»«»rs  in  rarh  ramus  cnine 
from  the  Bjinpathetic  ganffhoti  with  which  it  i«  rnnneoted.  The  preKauglii>nic  tilers  enter- 
ing at  any  (anglion  may  pass  up  or  down  to  eail  in  the  oelhi  of  sonM  other  ganglion. 


thnfflpp    \n  thp   annnml    liimbnr  nnnrw   (p^OJ{A\        In    this   outflow 

they  are  mixed  with  other  autonomic  fibers,  such  as  the  sweat 
fibers,  pilomotor  fiben?,  uccelenitor  fibers  to  heart,  pupilotlilator 
fibers,  visceromotor  fibers,  etc.  Emerging  in  the  anterior  roots,  they 
pass  to  the  sympathetic  chain  by  way  of  the  corresponding  ramus 
communicana.  Having  reached  the  chain,  they  end  in  one  or  other 
of  the  ganglia,  not  necess.irily  in  the  ganglion  with  which  t!ie  ramus 
ronnects  anatomically.  The  preganglionic  filters  for  the  blood- 
vessels of  the  submaxillary  gland,  for  instance,  enter  the  first 
thoracic  ganglion  of  the  sympathetic  cimin,  but  do  not  actually 
terminate  until  they  reach  the  Buperior  cervical  ganglion  high  in  the 
neck.  The  jxvstganglionic  fil>ers  arise  in  the  ganglion  in  which  the 
preganglionic  fil)ers  terminate.    Those  destined  to  supply  the  skin 
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of  fchc  trunk  and  extremities  pass  from  the  f^angUon  to  the  cor- 
responiiing  spinal  nen^e  In'  way  of  the  ramus  communipans  (gray 
ramus)  ami  after  reacliing  the  spinal  iien^  they  are  distributed  with 
it  to  its  corresponding  region  (Fig.  251).     In  the  general  region 


.      ' """%IWWW*» 

1 

1 

3                      1 

6ft 

r  ^'' 

Z^Tk       Vi: 

1 

Fig.  252. — Vasomotor  effeet  of  stiniubition  of  the  f^plnnrhnic  nerve — t^ripheml  end — 
in  the  (ioR  (D(iir«onK  I  The  line  of  «!n»  iire^sure:  J.  the  line  of  the  ^ti^llllnri^|C  itrn:  on 
and  o/f  marie  the  Iwrf^nmuu  ami  riul  of  the  fttimulation ;  A,  the  tinio  recurd  iti  MK'oiid.-^;  4. 
the  hlo4Kt-|>ret«ure  record  (ft tin u I Kt ion  cauiiea  a  marlfod  ri.ie  of  liItHMl-prets^ure  due  tn  ntimu- 
^tion  of  ^'ft90C0llstrictur  titjens);  5.  plethyamogrBphio  tracing  uf  the  vnlutnc  of  the  kidney 
(onooraeter);  stimulBULin  of  the  HpuLQchnio  oausee  a  diniinutioii  iu  vuluiur  u(  the  kidney 
owing  to  the  eoiMtriotlon  of  ila  Brtcriolea. 


under  consi<loration  (lower  cer\'ical  to  upper  himhar)  each  ramus 
comninnirans  l>etwcen  a  spinal  nerve  an r)  p  Q^'mpufLofm  fT«|nfr!hm 
coii.^ists.  therefore,  of  t\vf>  p;irts.  one  (uliite  ramus)  of  pregant:^li< )ni c 
fihers  passiitL^  frnni  tlie  spinal  ner\e  In  tjie  uiinglion,  the  othgy 
(L'rav  ramus)  oi  ixKSltiani^hoinc  liliers  i-oniing  frum  the  ganglion  to 
the  sinnal  nerve  for  distntiution  to  inc  peripneral  tissues,  it  should 
be  bonic  in  mind  that  the  fibers  in  the  white  ramus  do  not 
return  to  the  spinal  nerve  by  the  gray  |X)rtion  of  the  same  ramusi 
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Jiit  passing  upward  or  downward  in  tho  sympathetic  chain 
return  to  some  other  spinal  nen^e  as  postganglinnio  fibers.  In  this 
way,  therefore,  it  hapf)ens  that  the  various  intereost-al  nerves  and 
the  nerves  of  the  brarhial  and  sciatic  plexus  contain  vasoconstrictor 
fibers  as  |X)stgangnonic  or  s>'mj>athetic  fibers.  Un  the  other  hand, 
the  vasoconstrictor  fibers  destined  for  the  great  vascular  rcgioiT'of 
the  intestines  and  other  abdominal  viscera,  after  reaching  the  SA^m- 
paOietic  chain  by  way  of  the  white  ranu  as  preganglionic  libers,  do 
riot  return  to  thfi  spinal  nerves  by  the  _£mY- raltlT  TTiey  leave  the 
sympathetic  chain,  still  as  preganjE^lionic  fil)ei*s,  in  the  branches  of  tEe 
«plfljT£l2rnr_nprvp.q  H.rtfl  through  thf*inj^^?tss  Ut  the  celiac  ganglion, 
wHere  they  mainly  end,  and  their  path  Is  continued  by  the  ])ost- 
ganglionic  or  sympathetic  fibers  arising  from  this  ganghon.  More 
specific  inforniatiou  concerning  the  oriorin  of  tlie  vasomotor  fibers 
to  the  different  organs  is  given  in  condensed  form  farther  on.  It  is 
quite  important  in  the  I.>eginning.  however,  to  obtain  a  clear  general 
conception  of  the  patlis  taken  by  the  constrictor  fibers  from  their 
ori^n  in  the  spinal  cord  to  their  termination,  on  the  one  hand, 
in  the  vessels  of  the  skin,  or,  on  the  other,  in  the  vessels  of  the 
abdominal  and  pehic  viscera. 

The  Tonic  Activity  of  the  Vasoconstrictor  Fibers. — A  ver>' 
importiint  fact  regarding  the  vasoconstrictor  nerve  fii>ers  is  that 
they  are  constantly  in  action  to  a  greater  or  less  extent.  This 
fact  is  demonstrated  by  the  simple  experiment  of  cutting  them. 
If  the  sympathetic  nen'e  in  the  neck  is  cut  in  the  rabbit  the  blood- 
vessels of  the  ear  l)econie  dilated.  If  the  splanchnic  ner\'es  on 
the  two  sides  are  cut  the  intestinal  region  lieoomes  congested, 
and  the  effect  in  this  case  is  so  great  that  the  general  arterial  i)ressure 
falls  to  a  ver>'  low  jioint.  From  these  and  nuinennis  similar  ex- 
periments we  may  conclude  that  nonnnlly  the  arteries — that  is, 
the  arterioles — are  kept  in  a  condition  of  tone  by  impulses  received 
thnmgh  the  vasoconstrictor  fibers.  Cut  these  nerves  and  the  arte- 
ries lose  their  tone  and  dilute,  with  the  result  that,  the  |)eri]>hcral 
resistance  being  tliniinished,  the  lateral  jjresstirc  falls  on  (he  arterial 
side  and  rises  on  the  venous  side.  I'he  relatively  enormous  effect 
upon  aortic  pressure  caused  by  jmralysis  of  the  tone  of  the  arteries 
in  the  splanchnic  area  shows  that  under  normal  conditions  the 
peripheral  resistance  in  this  great  area  plays  a  prctktminant  part 
in  the  maintenance  of  normal  arterial  pressure,  and  by  the  same 
reasoning  variations  in  tone  in  the  arteries  of  this  region  must 
play  a  ver>'  large  part  in  the  regulation  of  arterial  pressure. 

The  Vasoconstrictor  Center- — As  stated  in  the  last  two  para- 
graphs, the  vasoconstrictor  fibers  emerge  from  the  cord  over  a 
definite  region,  and  they  exliibit  constant  tonic  activity.  It  has 
been  shown,  moreover,  that  if  the  cord  be  cut  anywhere  in  the 
39 
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ccrvifa!  region  all  of  the  coastrictor  fibers  lose  their  tone;  a  great 
vascular  dilatation  results  in  both  the  splanchnic  and  skin  areas,* 
We  may  infer  from  this  fact  that  the  vasoconstrictor  patlis  originate 
from  nerve  cells  in  the  brain  and  that  their  tonic  activity  is  to 
be  traced  to  these  ceils.    Such  a  group  of  cells  exists  in  the  medulla 

oblongata,  and  forms  the  vaso' 
constrictor  center.  The  axons 
given  off  from  these  cells  de- 
scend in  the  cervical  cord  and 
terminate  at  various  levels  in 
the  anterior  horn  of  gray  mat- 
ter in  the  region  from  the  upper 
thoracic  to  the  upper  lumbar 
spinal  nerves.  A  spinal  neuron 
continues  the  path  as  the  pre- 
ganglionic vasoconstrictor  fiber 
which  tenninates,  as  already 
described,  in  some  sympathetic 
ganglion^  whence  the  path  is 
further  continued  by  the  jxDst- 
ganglionic  fiber.  This  arrange- 
ment of  the  constrictor  paths  is 
indicated  schematically  in  Fig. 
253.  The  exact  location  of  the 
group  of  cells  that  plays  the  im- 
portant rAle  of  a  vasoconstrictor 
center  has  not  been  determined 
histologically.  The  region  has, 
however,  Vjeen  delimited  roughly 
by  physiological  experiments.  If 
the  brain  is  cut  through  at  the 
level  of  the  midbrain  there  is  no 
marked  loss  of  vascular  tone  in 
the  lx)dy  i\\  lar^e.  If,  however, 
flimiliir  sections  are  made  farther 


Flf.  2M. — Schema  tn  ahow  the  path 
of  the  VMoronstnctor  fibers  from  the  vaao- 
oofutrictor  ceDter  to  (he  blood- vea»e]fi  and 
the  medianism  for  ttie  rafl«x  Btimulftlion 
of  thflM)  fibers :  r.  c.  The  vajHicoDstrictor 
center:  1.  the  centrai  ni^uron  cf  the  vafio- 
eooBtrictor  path :  2,  the  tipinal  Deuron 
tprecaniclionic  5ber);  3,  llie  ay ni pathetic 
neuron  (pootfcunKlionJc  fiber);  a,  the  Arte- 
riole; 4.  the  wDMory  fibem  of  the  posterior 
root  mAldnK  ronnections  by  collateraU 
with  Uie  vasoconstrictor  center ;  6.  an  in- 
temntral  fiber  (efferent)  acting  upon  the 
vasocDoatrictor  center. 


and  farther  back  a  point  is 
reached  at  which  vascular  paralysis  begins  to  be  apparent  and  a 
point  farther  dovax  at  which  tJiis  paralysis  is  as  complete  as  it 
would  be  if  the  cen'ical  cord  were  cut.  Between  these  two  points 
the  viisoconstrictor  center  must  lie.  The  cun:»fid  experiments  of 
this  kind  made  by  Dittmar*  are  now  somewhat  old.  According 
to  his  description,  the  center  is  bilateral, — that  is,  consists  of  a 
group  of  cells  on  each  sitle, — and  lies  about  the  mi<Uile  (if  the  fourth 
ventricle  in  the  tegmental  region,  in  th**  neighborhood  of  the  nucleu.< 
of  the  facial  and  iif  tlie  .superior  olivar>'.  In  the  rabbit  it  has  a 
♦  "BerichtetJ.  Sachs-  Akademie,  Math.-phys.  Klassc,"  1873,  p.  449. 
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of  3  mms.,  a  breadth  of  1  to  L5  mms.,  and  lies  about  2 
to  2.5  mnis,  lateml  to  the  mid-line.  Assuming  the  existence  of 
this  group  of  cells,  we  must  attribute  t^  then  functions  of  the  first 
imjx)rtance.  Like  other  motor  cells,  they  are  capable  of  l>eing 
8tiximlate<l  reflexly  and  by  this  means  the  regulation  of  tht'  blood- 
flow  is  largely  controlled.  Moreover*  they  are  in  constant  activity, 
— due  doubtless  also  to  a  constant  reflex  stimulus  from  the  inflow 
of  afferent  impulses.  The  complete  loss  of  this  tonic  influence 
would  result  in  a  complete  vascular  paralyas,  the  small  arteries 
would  be  filiated,  peripheral  resistance  would  be  greatly  diiuini?ihed, 
and  the  arterial  pressure  in  the  aorta  would  fall  from  a  level  of 
100-150  mms.  Hg  to  about  20  or  30  nixns.  Hg, — a  pressure  insuffi- 
cient to  maintain  the  hfe  of  the  organism.  We  must  conceive, 
also,  that  in  this  vasoconstrictor  center  the  different  cells  are  con- 
nected by  definite  paths  with  the  vasoconstrictor  fiij^rs  to  the 
difTerent  regions  of  the  body;  that  some  of  the  cells,  for  instance, 
control  the  activity  t)f  tlic  filxTs  distributed  to  tlic  intestinal  area, 
and  others  govern  the  vessels  of  the  skin.  Un<;ler  physiological 
conditions  the  different  parts  of  the  center  may»  of  course,  be  actetl 
upon  separately.  In  this  description  of  the  vasoconstrictor  center 
and  the  efferent  vasoconstrictor  (ibers  reference  has  been  tuatle  only 
to  their  action  on  the  small  arteries.  This  is,  generally  speaking, 
the  apparatus,  which  on  the  basis  of  experimental  work,  we  are 
justified  in  using  to  explain  the  various  vasomotor  phenomena  of 
the  b(Kiy.  There  are.  however,  many  observations  on  record 
which  indicate  the  possil)ility  thai  the  veins  also  may  be  supplied 
with  motor  nerve  fibers,  and  that  reflex  control  (^if  the  distribution 
of  the  bliHKl  and  the  regulation  of  the  return  flow  to  the  heart  may 
be  exert<*d  in  part  through  changes  in  the  caliber  of  the  venous 
vessels.  Unfortunately,  our  knowledge  upon  this  point  is  too  in- 
complete at  present  to  be  used  with  confidence  in  the  explanation 
of  specific  phenomena.  It  is,  nevertheless,  a  ixissibilily  that  must 
be  held  in  mind.  Some  of  the  more  significant  facts  l>caring  upon 
this  pfjint  are  referred  to  below. 

Vasoconstrictor  Refiexes — Pressor  and  Depressor  Nerve 
Fibers. — It  is  obvious  that  such  a  mechanism  as  that  described 
above  is  susceptible  of  reflex  stimulation  through  sensory  nerves, 
and  according  to  our  general  knowledge  we  should  suppose  that 
a  tonic  center  of  this  kinil  may  have  its  tonicity  increased  (excita- 
tion) or  decreased  (inhibition).  Numerous  experiments  in  phys- 
iolog>'  warrant  the  view  that  l^oth  kinds  of  effects  take  place 
normally.  Those  afferent  nerve  fibers  which  wlien  stimulat<?d 
cause  reflexly  an  excitation  of  tlie  vasoconstrictor  center,  and 
therefore  a  peripheral  vasoconstriction  anrl  rise  of  arterial  pressure, 
are  frequently  designated  as  pressor  fiberSj  or  their  effect  upon  the 
circulation  is  designated  as  a  pressor  effect.    Those  afferent  fibers, 
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on  the  contrary,  which  when  stimulated  cause  a  diminution  is 
the  tone  of   the  vasoconstrictor  center   and  therefore   a    iierif>b- 
eral  vasodilatation  and  fall  of  arterial  pressure,  are  designated  u 
depressor  nerve  fibers,  or  their  effect  upon  the  circulation  is  a  i^ 
pressor  effect.     Prcssor  effects  may  \yi^  olitiiined  l)v  j^tiniiilalmn  nf 
almost  any  of  the  large  nerves  cont^iining  afferent  fil>ers.  but  c»i»- 
cially    perhaps  of   the   cut^aneouH    nerves.     There    is   ahunc 
of  evidence  to  sliow  that  similar  results  can  he  obtaincil  in  iiiMi' 
The  pressor  effect  manifestos  itself  b\*  a  rise  in  general  arterial  [inv 
fjure,  if  a  sufnciently  large  rep*'"  is  involved,  and  by  a  diniimiti"! 
in  size  of  the  or^an  involved.     On  the  other  haml,  deprtssor  cfftti" 
may  also  be  obtained  fnim  stimulation  of  many  of  the  Lifpe  nen'* 
tnmks.      If  one  stinmlates  the  central  end  of  the  sciatic  nwnp 
for  example,  one  obtains  a  pressor  effect  on  the  circulation  in  mofl 
cases,  but  under  certain  conditions  a  marked  depressor  effect  fal- 
lows the  stimulation*    The  simplest  explanation  of  such  s  wpill 
b  that  the  nen'e  tnmks  contain  afferent  fil)ers  of  Ixjth  Idmb. 
When  we  apply  our  electrodes  to  a  nerve  we  stimulate  every  fibrt 
in  it  and  the  aftual  result  will  depend  \\\y.m  which  group  of  fibers 
sxerts  the  stronger  action,  and  this  may  vary  ^^^th  the  coadition 


Yxj^  264.  — Ple(hyf*moRnipl»ir  cur  l  '  .     ...tumc  nf  ii  ■ 

by  meau^  of  a  countcr-weightcHj  UuiiN  <i[    m  ;  li..   r..,...;    ),,,«>  ihr  piil-  ai,:  .jj„„ 

in  mental  arithmetic— the  produoto/  2\  by  U — caudod  a  cuorked  cunaixiLtiou  tU  tL«  antM 

of  the  nerve,  the  condition  of  the  center,  the  anesthetic  Udcd.  etc. 
Under  nonnal  con*  lit  ions  no  such  gross  stimulation  occurs.  Th<? 
pressor  libers  are  stinuihtled  under  some  circunistances,  the  (ic^ 
pressor  filx?rs  under  others.  For  instance,  when  tlie  skin  is  exfK»se<i 
tO  cold  it  is  blanched  not  hy  a  direct,  but  by  a  reflex,  effect.  The 
low  temperature  stimulat*?s  the  sensory  (cold)  filers  in  the  skin, 
and  the  nerve  impulses  thus  aroused  reflexl}''  stinuiJate  the  vaso- 
constrictor center,  or  a  part  of  it,  and  cause  blanching  of  the  skin. 
Exposure  to  high  t'emi)eratures,  on  the  contrary,  flushes  t>»e  skin. 
♦See  Hmit.  "Journal  of  Physiology/'  IK,  381.  1896. 
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and  in  this  case  we  may  suppose  that  the  senstiry  impulses  carried 
by  the  heat  nerves  inhibit  the  tone  of  the  vasoconstrictor  center 
and  cause  flilatation  or  flushing  of  the  skin.  So  far  as  man  is 
conc^rne<i.  cxpcrinimts  made  with  tlie  pIethysmo^!:i*M[ih  shew  very 
clearly  that  the  vasoconstrictfir  center  is  easily  affected  in  a  pressor 
or  dejiressor  manner  hy  jxsyrhical  states  or  activities.  Mental 
work,  especially  mental  interest,  however  aroused,  is  followed  by 
a  constriction  i)f  the  lilood-vessels  of  the  skin, — a  pressor  effect  (see 
Fig.  254) ;  and  we  may  find  an  explanation  i)f  the  value  of  the  reflex 
in  the  supposition  that  the  rise  of  arterial  pressure  thus  produced 


F.»     •y-^%  — Fff«H    <if   •.tiri.nUtine  the  rcntral  fn<\  of  I!ip  tirnrp«-«or  nep-e  of  thr  l.rar!  in 
\^Pi       -kAi^  ^rd    ■  ark"  MMn,.<l.       0»   anil  oij  murk  ihc  IwpnninR  ftnci   end  of 

lijentS-  f^ri.-thr  n.>n..«l  level.  Tliw  Complete  i«»very  «  not  .l.uwn  m  Ihr  i«.ri=«, 
of  the  reconi  riTHodu(><'r1.      (Iuiwhoh.) 

forces  more  blood  through  the  brain  (p.  634).  On  the  other  hand, 
feelings  of  embarrassment  r>r  shame  may  be  associated  with  a  de- 
pressor effert,  a  dilatation  in  the  \'essels  of  tlu»  skin  manifested,  for 
example,  in  the  act  of  I>1  ashing.  In  both  eases  we  must  assume 
intracentral  nerve  paths  l>et\veen  the  cortex  and  the  center  in  the 
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medulla,  the  impulses  alon^  one  path  exciting  the  center,  while 
tho.se  along  the  other  inhibit  its  tone,  or,  as  explained  below,  excite 
a  vasodilator  center.  Aniong  the  nuiny  depressor  effects  that 
have  been  oljservcKi  on  stimulation  of  afferent  nerve  fibers  one  has 
aroused  espci-ial  interest — namely,  that  caused  by  certain  afferent 
fibers  frtim  tlie  heart  or  fron^  the  aorta.  These  fibers  in  some 
animals — tlie  dog,  for  instance — run  in  the  vagus  nerve,  but  in 
other  aniniais,  the  rabbit,  they  form  a  separate  nerve,  tlie  so-called 
depressor  nerve  of  the  heart — discovered  by  Ludwig  and  Cyon 
(1866).  So  far  us  the  effect  in  question  is  concerned  the  physiolog- 
ical evidence  indicates  that  the  fibers  arise  from  the  descentling 
aorta  and  it  might  be  more  approj^riate  Ut  sj)eak  of  them  as  the 
depressor  nerve  of  the  aorta.*  In  the  rabbit  this  nen'e  forms  a 
branch  of  the  vagus,  arising  high  in  the  neck  by  two  roots,  one 
from  the  trunk  of  the  vagus  and  one  from  the  superior  laryngeal 
branch.  It  runs  toward  the  heart  in  the  sheath  with  the  vagus 
ami  the  cervical  synipatheiic.  The  nerve  is  entirely  afferent. 
If  it  is  cut  and  the  peripheral  end  is  stimulated  no  result  follo\vs. 
If,  however,  the  central  end  is  stinmlat-ed  a  fall  of  bl(w)d-pressure 
occurs  and  also  perhaps  a  slowing  of  the  heart  beat  (see  Fig.  255). 
The  latter  effect  is  due  to  a  reflex  stinnilation  of  the  cnrdio-inhib- 
itory  center  and  may  be  eliminated  by  previous  section  of  the 
vagi.  The  fall  of  fjlood-pressure  is  explained  by  supposing  that 
the  nerve,  when  stimulated,  inhibits,  to  a  greater  or  less  extent,  the 
tonif'  activity  of  the  vasoconstrictor  center. t  Physiological  ex- 
periments indicate  that  the  nerve  plays  an  important  regulatory 
r61e.t  When,  for  instance,  blood-pre.ssure  rises  above  normal 
limits,  it  may  be  suppose*!  that  the  endings  of  this  nerve  in  the 
aorta  or  heart  are  stimulated  by  the  mechanical  effect,  and  the 
blood-pressure  is  thereby  lowered  by  an  inhibition  of  the  tone  of  the 
constrictor  center.  Moreover,  it  has  bt^en  shown  by  Einthoven 
that  every  heart  beat  sends  up  this  nerve  a  series  of  nerve  impulses, 
that  is,  when  the  nerve  is  cut  and  the  ends  are  connected  with 
a  string-galvanometer,  electrical  variations  occur  sj'nchronous 
with  the  heart  beat  (Fig.  280).  To  explain  this  result  we  can 
only  assume  that  each  heart  beat  stimulates  sensory  endings 
in  the  heart  itself  or  in  the  aorta,  and  that  the  nerve  impulses 
thus  transmitted  to  the  medulla  probably  play  a  r61e  in  main- 
taining the  tonic  activity  of  some  of  its  centers,  perhaps,  as 
Einthoven  suggests,  the  tonic  activity  especially  of  the  cardio- 
inhibitory  center. 

•See  Eyeter  and  Hooker,  "American  Journal  of  PhygiologTi"  21,  373, 
1008:  also  KAater  and  Tachermak,  "Archiv  f.  die  gesammte  Physkilugie," 

93,  24,  mn. 

t  Sec  Porter  and  Uever,  "American  Journal  of  Physiology,"  4,  2S3,  1900; 
ftlflo  Hayliss,  *' Jounial  of  Plivsiology/'  14,  30?.  1S93. 

tSewall  and  St«iner,  "journal  of  Physiology,"  6,  162,  1885. 
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A  moet  fiuggefltive  example  of  tlic  regulating  action  of  the  depressor  nerve 
is  given  by  »Sewall.  Wiien  the  carotids  in  a  rabbit  are  clamped  a  variabLo 
ana  not  very  large  rise  of  arterial  preaeurc  is  obeer\'ed.  If,  liowever,  the 
depresoor  nerves  are  first  cut,  clamping  the  carotids  causes  an  extraordinnry 
riae  of  arterial  pressure.  When  the  carotids  are  closed  we  may  suppose  tliat 
the  resulting  anemia  of  tlie  me<lidla  stimulates  the  vasoconstrictor  center 
and  thus  tends  to  raise  arterial  pressure,  but  tfiis  effect  is  neutralized  because 
as  the  pressure  rises  the  depressor  fil>ers  of  the  heart  are  stiranlated.  It 
seems  evident  that  during  life  the  depressor  fibers  must  exert  a  very  important 
regulating  effect  upon  tlie  circulation. 

A  similar  nerve  hivs  been  described  anatomically  in  man,  while 
in  animals  like  the  dog,  in  which  it  is  not  present  as  a  separate 
anatomical  structure,  it  probably  exists  within  the  trunk  of  the 
vagus.  If  this  latter  nerve  is  cut  in  the  dog  and  the  central  end 
is  stimulated  a  depressor  efifect  is  usually  obtained. 

Vasoronstn'riftr  dnft^rft  t«  ihr  Sjyirtnl  Cnrd. — From  the  description  of  the 
vaaiHJonstrictor  in^chanism  given  al>ove  the  probable  inference  rnay  Iw  nmile 
that  throughout  the  thoracic  recrion  the  cells  of  origin  of  the  preganglionic 
fibers  may,  under  si')e<'ial  cnnditinn^,  act  a**  subordinate  va^iwoiistrictor  centers 
capable  of  giving  reflexes  and  of  exhibiting  .sonic  tonir  activity.  Numerous 
experiments  tend  to  support-  this  inference  "When  the  spinal  cord  U  cut  in 
the  lower  thoracic  region  there  i*  a  paralysis  of  va:^cular  tone  ui  the  jjosterior 
extremities.  If,  however,  the  iinimal  \»  kei)t  alive  the  vessels  ffradually  re- 
cover their  tone,  aUhouph  not  cuiniecied  with  the  medullary  i-enier.  The  re- 
sumption of  tone  in  this  case  may  l)e  attributed  to  the  nerve  cells  in  the  lower 
thoraric  iuid  upper  lumbar  region,  **ince  vascular  paraly^^is  is  a^uiii  produced 
wlieu  this  p*)rlion  of  the  cord  is  destroyed.  Fumllv,  (.loltz  Ini.'^  shown  that 
when  the  entire  cortl  Is  destroyetl,  except  thecer%'ical  region  (p.  154).  va:*cular 
tone  mav  Ik*  restored  fvcntually  in  the  blcHHl-vt^^HeU  affcctwl.  In  thia  case  the 
resumption  of  tonicity  must  be  referreil  either  Xn  the  properties  of  the  muscular 
coats  of  the  arteries  themselves,  or  to  the  activity  of  the  sympathetic  ncr%*e 
cells  that  wive  rise  to  the  poBtj^aiighonic  fibers.     However  this  may  be,  it  se<*ms 

Suite  ch-ar  that  under  normal  conditioiiH  the  preat  va-socoaslrictor  center  in 
le  medulla  is  the  iinporlanl  scat  of  tonic  ami  of  reflex  activity.  If  the  con- 
nections of  thi.s  center  with  the  hioo<l-vesscls  are  destroyetl  suddenly — for 
example,  by  cutliujc  the  ccr\'ical  cord — bkHKl-prcssure  falh<  at  once  to  such  a 
low  level,  20  to  30  mnis.  He-,  that  lieath  usually  rcsulta  uriloas  artificial  mcaa» 
ore  employed  to  sustain  the  animal. 

Rhythmical    Activity    of    the    Vasoconstrictor    Center.— 

Throvighout  life  the  vasoconstrictor  center  is  in  tone  the  intensity 
of  which  varies  with  the  intensity  and  character  of  the  reflex  im- 
pulses playing  ujwn  it.  Under  certain  unusim!  conditions  the 
center  may  exhibit  rhythmical  variations  in  tonicity  which  make 
themselves  xisible  ns  rhythmical  rises  and  falls  in  the  general 
arterial  pressure  (Fig.  25*3),  the  waves  being  much  longer  than 
those  due  to  the  respiratory  movements.  These  waves  of  blood- 
pressure  are  observed  often  in  ex|)eriments  upon  animals,  but 
their  ultimate  cause  is  not  understood.  They  are  usually  desig- 
nated OS  Tratibe-Herin^  waves,  althouch  this  term,  strictly  speak- 
ing, belongs  to  waves,  sjnichronoua  with  the  respiratory  move- 
ments, that  were  observed  by  Traube  upon  animals  in  which 
the  diaphragm  was  paralyi&ed  aud  the  thorax  was  opened. 
These  latter  waves  are  also  due  to   a  rhjthmical   action   of   the 
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Vasodilator    Center    and    Vasodilator    Reflexes. — Sinrv  the 
vasodilator  fibers  form  a  system  similar  to  that  of  the  vaeocoo- 
strictors,  it  might  be  supposed  that,  like  the  latter,  their  acti\Ttjr 
is  contnillcd  from  a  general  center,  forming  a  vasodilator  center  in 
the  brain  similar  to  the  vasoconstrictor  center.     What  endeoce 
we  have,  however^  is  ;igainst  this  view.     In  the  dog  with  his  spioil 
cord  severed  in  the  lower  thoracic  region  the  penis  may  show  nomul 
erection  when  the  glans  is  stimulated, — a  fact  that  indicjitcs  % 
reflex  center  for  these  dilator  fibers  in  the  lumbar  cord.    For  the 
other  clear  cases  of  vasodilator  fibers  we  have  no  reason  at  preaeni 
to  believe  that  they  are  all  normally  connected  with  a  single  group 
of  nerve  celts  located  in  a  detinite  part  of  the  nervous  sj'Slem.  The 
dilator  fibers  in  the  facial,  glossopharyngeal,  and  cervical  ninp*- 
tbetic  (distributed  through  the  trigeminal)  all  arise  probably  in  the 
medulla,  but  not,  so  far  as  is  known,   from  a  common  niirleui 
Intimately  comiected  with  the  question  of  the  existence  of  a  peneni 
vasodilator  center  is  the  possibihty  of  definite  reflex  stimwlniion 
of  the  vasodilator  fibei-s.     As  stated  above,  reflex  dilatation  of  tltr 
blood-vessels  may  be  produced  by  stimulating  various  nerve  trunks 
containing  afferent  fibei-s.     The  depressor  nerve  fil>ers  of  the  lieart 
give  only  this  effect,  and  the  sensorj'  fibers  from  certain  other 
regions,  notably  the  middle  ear  and  the  testis,  cause  mainly,  if  cot 
exclusively,  a  fall  of  arterial  pressure  due  presumably  to  vascular 
dilatation.     The   sensor^'   nerves  of  the   tnmk   and   liml-»s,  when 
stimulated  l>y  the  grass  methods  of  the  laboratorj^,  give  cilber 
reflex  vasoconstriction  or  reflex  vasodilatation,  and,  as  was  slated 
above,  there  is  i-eason  to  l>elieve  that  these  trunks  contain  two  kind* 
of  afferent  fibers, — the  pressor  and  the  tlepressor.    The  action  of  the 
former  predominates  usually,  but  in  deep  anesthesia,  and  particu- 
larly in  those  conditions  of  exposure  and  exhaustion  that  pre<'ede 
the  appearance  of  "sluock,"  the  depressor  efi'ect  is  more  marked  or, 
indeed,  may  be  the  only  one  obtained.    To  explain  such  depreasor 
effects  we  have  two  possible  theories.    They  may  be  due  to  reHei 
excitation  of  the  centers  giving  origin  to  the  vasodilator  fibers  or  to 
reflex  inhibition  of  the  tonic  activity  of  the  vasoconstrictor  cenK»re. 
The  latter  exphmation  is  the  one  usually  given,  especially  for  the 
typical  and  perhaps  special  effect  of  the  depressor  nerve  of  the  hojiri. 
This  explanation  seems  justified  by  the  general  consideration  that 
in  the  two  great  vascular  areas  through  whose  variations  in  capacity 
the  blood-flow  is  chiefly  regtdated, — namely,  the  abdominal  \isrera 
and  the  skin, — the  vasoconstrictor  fibers  are  chiefly  In    evidence 
and  are,  moreover,  in  constant  tonic  activity.    On  the  other  hand, 
the  fact  that  vasodilator  fibers  exist  is  presumptive  e\ndence  that 
they  are  stimulated  reflexly,  since  it  is  by  this  means  only  that  tliey 
can  normally  afifect  the  blood-vessels.    Some  of  the  many  deproaeor 
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4.  In  th6  nervi  er^entes.  Eckhani  first  gave  conclusive  proof  that  tha 
erection  of  the  penis  is  epticntially  a  vasodilator  phenomennn.  The 
fil>ers  firise  fmm  the  first,  jierond,  aiid  thini  sacral  spinal  nervc?s,  paaa 
to  the  liypogastric  plexus  w*  the  iieni  eripeute», aiid  tlieiice  are  dis- 
tributed to  the  erectile  ti&iues  of  the  penis. 

The  General  Properties  of  the  Vasodilator  Nerve  Fibers*— 

Unlike  the  vawieongtrictors.  the  vasodilators  are  nnt  in  tonic 
activity;  at  le^t,  no  exf)erin(ental  j)roof  has  been  given  that  they 
are.  In  the  case  of  the  erectile  ii^uc  of  the  jx-nis  anrl  the  rlilators 
of  the  glands  it  would  seem  tliat  the  fibers  are  in  activity  only 
during  the  functional  use  of  the  organ,  at  which  time  they  are 
exciteti  reflexly.  There  hns  been  much  discussion  in  jihysiobjyy  as 
to  the  natvire  «»f  tiie  action  of  the  dilator  fiber;!.  The  mitscular 
coat  of  the  .small  arteries  runs  transvei-sely  to  the  length  of  the 
vessel,  and  it  is  easy  to  see  that  when  stimulated  to  greater  con^ 
traction  through  the  constrictor  fil)ers  it  must  cause  a  narrowing 
of  the  arter>\  It  is  not  so  evident  how  the  ner\'e  imptUses  carried 
by  the  dilator  fibers  bring  alxiut  a  widening  of  the  arteri'.  At 
one  time  peripheral  sympathetic  ganglia  in  (he  neighborhood  of 
the  arteries  were  used  to  aid  in  the  explanation,  btit.  since  hist<.>- 
logical  evidence  of  the  existence  uf  such  gjinglia  is  incomplete,  the 
view  that  seems  to  moel  with  most  favor  at  present  is  jis  follows: 
The  dilator  fibers  end  presunmbly  in  the  muscle  of  (he  walls  of 
the  arteries,  and  when  stiinuhit^*<l  they  inliibit  the  tonic  contrac- 
tion of  this  musculature  and  thus  bring  al>out  a  relaxation.  These 
fibers  in  fact  inhibit  the  tonic  contraction  of  the  vascular  muscle 
just  as  the  vagus  fibers  inhibit  the  tonp  of  the  cardiac  muscle. 
Dilatation  caused  by  a  vasodilator  nerve  fiber  always  presupposes, 
therefore,  a  previous  contiition  of  tonic  contraction  in  the  walls 
of  the  artery,  this  tonic  condition  being  produced  either  by  the 
action  of  vasoconstrictor  fibrrs  or  by  the  intrinsic  proi)*?rties 
of  the  muscle  itself.  In  the  nerves  of  the  limbs,  as  stated  above, 
both  vasoconstrictor  and  vasodilator  effects  may  be  detected 
by  stimulation.  It  has  been  shown  that  the  separate  fibers  may 
be  differentiated  by  certain  (iifferencea  in  properties.  Thus, 
if  the  peripheral  cud  of  the  cut  sciatic  nerve  is  stimulated  by 
rapidly  repeated  induction  shocks  a  vasoconstrictor  effect  is  ol>- 
tained,  as  shown  plethysniographically  by  a  diminution  in  volume 
of  the  limb.  If,  liowever.  the  same  nerve  is  stimulated  by  slowly 
repeated  induction  shocks  the  dilator  efTect  will  predominate,* 
indicating  a  greater  degree  of  irritability  on  the  part  of  these  latter 
fibers.  After  section  of  the  sciatic  nerve  the  vasodilators  degen- 
erate more  slowly  than  the  vasoconstrictors,  and  they  retain 
their  irritability  when  heated  or  cooled  for  a  longer  time  than 
the  constrictors.t 

♦Bowditch  and  Warren.  "Journal  of  Physiolo©^,"  7,  439,  1886. 

t  Howell,  Budgett,  and  Leonard.  "Journal  of  Phyaiology,"  16,  298,  1894. 
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Vasodilator    Center    and    Vasodilator    Reflexes.— Sinne  the 
vasodilator  fibers  form  a  system  similar  to  that  of  the  vasocon- 
strictors, it  might  be  sup|X)sed  that,  like  the  latter,  their  activity 
is  controlled  from  a  general  cent«r^  forming  a  vasodilator  center  in 
the  brain  similar  to  the  vasoconstrictor  center.     What  endaioa 
we  have,  however,  is  against  this  Aiew.     In  the  dog  mth  hisspiiul 
cord  severed  in  the  lower  thoracic  region  the  penis  nmy  show  nonnal 
erection  when  the  glans  is  stitxmlat^^d, — a  fact  that  indicate!  i 
reflex  center  for  these  dilator  fibers  in  the  lumbar  cord.    For  the 
other  clear  cases  of  vasodilator  fibers  we  have  no  reason  at  pnaeot 
to  believe  that  they  arc  all  normally  connected  with  a  single  group 
of  nerve  cells  located  in  a  definite  part  of  tiie  nervous  system.   The 
dilator  fibers  in  the  facial,  glossophar>'ngeaI,  and  cervical  s)'mpa* 
thetic  (distributed  thraugh  the  trigeminal)  all  arise  probably  in  the 
medulla,  but  not,  so  tar  as  is  known,  from  a  common  nucleu*. 
Intimately  connected  with  the  question  of  the  existence  of  a  gRiml 
vasodilator  center  is  the  possibihty  of  definite  reflex  stimuL-vlion 
of  the  vasodilator  fibers.    As  stated  above,  reflex  dilatation  of  the 
blood-vessels  may  be  produced  by  stimulating  various  ncr\*e  tninks 
containing  afi'erent  fibers.     The  depressor  nerve  fibers  of  the  heart 
give  only  thus  effect,  and  the  sensorj*  fibers  from  certain  other 
regions,  notably  the  midtlle  enr  and  the  testis,  cause  mainly,  if  not 
exclusively,  a  fall  of  arterial  pressure  tlue  presumably  to  vusrular 
dilatation.    The  sensorj^  nerves  of  the  tnmk   and   limlis,  whrji 
Btimulated  by  the  gross  methods  of  the  laboratorj',  pve  eitbei 
reflex  vasoconstriction  or  reflex  vasodilatation,  and,  as  was  fllatwi 
above,  there  is  i-eason  to  believe  that  these  trunks  contain  two  kin^ 
of  afferent  fil3ers, — the  piessor  and  the  depressor.     The  action  of  the 
former  predominates  usually,  but  in  deep  anesthesia,  and  particu- 
larly in  those  conditions  of  exposure  and  exhaustion  that  precwlc 
the  appearance  of  "shock,"  the  depi'essor  effect  is  more  marked  ot, 
indeed,  may  be  the  only  one  obtained.    To  explain  such  depreaaor 
efi'ects  we  have  two  possible  theories.    They  may  be  due  to  reflex 
excitation  of  the  centers  giving  origin  to  the  vasodilator  fil)ers  or  lo 
reflex  inhibition  of  the  tonic  activity  of  the  vasoconstrictor  centen. 
The  latter  explanation  is  the  one  usualK'  given,  especiaily  for  the 
typical  and  perhaps  special  effect  of  the  depressor  nerve  of  the  heart. 
This  explanation  seems  justified  by  the  general  consideration  that 
in  the  two  great  vascular  areas  through  whose  variations  in  capaniy 
the  blood-flow  is  chiefly  regulated, — namely,  the  abdominal  ^•isce^a 
and  the  skin, — the  vasoconstrictor  fibers  are  chiefly  in    e\-iiience 
and  are,  moreover,  in  constant  tonic  activity.    On  the  other  hand, 
the  fact  that  vasodilator  fibers  exist  is  presumptive  e\ndence  that 
they  are  stimulated  reflexly,  since  it  is  by  this  means  only  that  they 
can  normally  affect  the  blood-vessels.    Some  of  the  many  depi 
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eflfects  occurring  in  the  body  must  be  duo,  therefore,  to  reflex 
fitiniulatioa  of  the  dilators  aiid  others  to  reflex  inhibition  of  the 
constrictors.  It  would  be  convenient  to  retain  the  name  depressor 
for  the  sensory  fibers  causing  the  latter  effect,  and  to  designate 
those  of  the  former  class  by  a  different  name,  Buch  as  reflex  Viiso- 
dilator  fibers.*  Only  experimental  work  can  determine  pasilively 
to  which  effect  any,  given  reflex  dilatation  is  due,  but  provisionally 
at  least  it  would  seem  justifiable  to  assume  that  dilatation  hv  reflex 
stimulation  of  the  vasodilator  fibers  occurs  in  those  parts  of  the 
body  in  which  vasodilator  fibers  are  known  to  exist.  Thus,  the 
erection  of  the  penis  from  stimulution  of  the  glans  may  be  explained 
in  this  way.  also  the  congestion  of  the  salivar>*  glands  during  activity, 
the  blushing  of  the  face  from  emotions,  and  possilily  the  dilatation 
in  the  skeletal  muscles  during  contraction.  Gaskell  and  othei-s 
have  given  reasons  for  l>elievmg  tfiat  the  vessels  in  the  muscles  are 
supplied  witli  vasodilator  nerve  fil>ers,  and  Kleen  f  has  shown  that 
mechanical  stimulation  of  the  muscles— kneading,  massage,  etc. — 
causes  a  fall  of  arterial  pressure. 

Vtiaoditiitniion  Dur  to  AJfennt  Fihcn*. — The  pxiMtrncp  of  dcfinifc  effer- 
ent vasodilator  iibons  in  the  nerve  trunks  to  the  limbn  hrus  bofn  tiuitW  thiwhi- 
ful  by  the  work  of  Bayli.'js.  ThU  autiior  liaa  itincovered  certain  ffict^s  which  at 
present  tend  to  make  the  nuestion  of  vasodilatatiori  rnoro  oK-^t-ure,  but  whicli, 
when  fully  uniJer^tood,  mil  doubtless  give  us  a  much  deejwr  iiiiiight  iivto  the 
subject.  Briefly  statetl,  he  haa  BhownJ  that  iftiiiiutatiou  ot  the  poeterior  roots 
of  the  nerves  supplying  the  lumlw^-harral  luid  the  brachial  plexus  t-auses  vas- 
cular dilfltAtion  in  the  correspondiiitr  limbs.  He  has  priven  reasons  far  believing 
tluit  the  fibers  involved  are  afff^ri-tit  fibers  from  the  limbs  and  that,  therefore, 
when  f*limulat<?<l  they  must  euiidiKt  t!ie  inijiulsew  in  a  directinri  oppf)wite  to 
the  normal — antidromie.  It  is  imtnt  tlimeuh.  to  underntand  how  suel» 
impuUes,  conveyed  to  the  t'orminaliona  of  the  sensory  fibers,  ean  affect  the 
mutfculur  tistfue  of  the  blood-vessely.  It  ii*  most  difReiilt  to  understjind  also 
how  sucli  anatomically  afferent  fibers  can  be  fitimulateci  rcHcxly  m  the  een- 
tral  nervous  system.  Some  H^ht  haw  been  thruwn  up<in  this  Hubject  by  r«'cent 
workii  uiKin  thn  vaatular  iluatution  of  the  corijuiu'tivat  iiieinbniive  when 
irritate  locally  by  substAticr^s,  such  :is  oil  of  mu:^t:vrd.  that  caii-^'  infhiniination. 
It  has  bw'n  found  that  thf  v:tseular  dilatation  in  thesp  ea-^cs  in  not  due  to  a 
dirert  elTect  of  the  irritant  un  the  vessels,  and  that  it  is  not  a  reflex  effect 
through  the  spinal  conl  or  the  posterior  root  gaiiKha.  On  the  other  hand,  the 
effect  ia  not  obtjiinetj  if  the  terroinations  of  the  sensory  fibers  of  the  region  are 
anesthetized,  or  if  the  sensory  nerve**  to  the  region  are  njt  and  time  Lh  allowerl 
for  them  to  degenerate.  The  hyjxitlitwis  \i.Hcti  to  explain  the  nniction  is  that  the 
sensory  fibern  to  the  region  braneh  at  their  terminiition.  one  bnineh  ko'tik  *« 
the  eerufiory  ending,  the  other  ti>  the  Ulood-veAHelf^,  When,  therefore,  the  sen- 
sor\'  enditiK  is  stinmlaterl  there  is  a  looid  n-Hex,  of  the  nature  of  an  uxon-reflex, 
through  the  other  limb  of  the  bifurnitioii,  whieh  effet'ta  a  dilatation  of  the 
blfxxl-veiwel.  If  thin  explanation  holln  upon  further  examination,  it  will 
establish  the  exist<*nco  <if  a  peripheral  rmehaiiism  for  the  i>ri>iluciion  of  local 
vasodilatation  which  has  not  bpcn  taken  int«  account  heret«fon^  (sec  p.  152.1. 


•See  Hunt,  "Jovirnal  of  Physiology/^  18,  381,  ISftS. 
t  Kleen,  "Skandinavi.sehes  Archiv  f.  Physiologie,"  247,  1887. 
:  Baylisa,  *^Jaunial  of  Phy.si<>loK>'/'  20,  173,  imX).  and  28,  276.  1902, 
J  Ninian  Bruce,  "Quarterly  Journal  of  Exp,  Phvsiology,"  6,  339,  1913; 
also  Bardy,  "SkandinavLsches  Archiv  f.  I'hysiologie/'  32,  198,  1914. 
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General   Schema. — The  main  facts  regarding  the  vasomotor 
apparatus  may  be  summarized  briefly  in  tabular  form  as  follows: 


Elfferent       vaBomotor 
nerve  fibers. 


AflFeront  fibers   jjiving 
vasomulur  reflexes. 


I.  VascH-oiislrictor  li)jers — dij^Lributetl  mainly  to 
the  skin  and  the  alKioiiiitjaJ  vi>icera  (splanch- 
nic area),  ul!  ooiuiPitetl  with  a  penenu  center 
in  the  iTicriluIki  ubluiiKuta,  aiul  iii  constant 
tonir  activity. 
II.  Vasodilator  filrt?iv — diHlributed  espci-ially  t^ 
the ereitile  tissue,  glaiuU,  hvuco-facial  repon. 
and  mxiiicles;  not  connected  witJ»  a  general 
center  and  not  in  tonic  activity. 

I.  Pressor  fibers.  Cause  vascular  constriction  and 
riife  of  arterial  pressure  from  reflex  stimula- 
tion of  tlie  viLMx'oiistrictor  center — r.  7,, 
8ensor\*  nen*e«  of  skin. 
II.  Deprfr<*^or  filters.  Cause  vaj^cular dilatation  and 
fall  of  arterial  jiressnn*  from  reflex  inhibitioa 
of  I  he  Ionic  activity  of  the  vai^oconstrictor 
center, — c.  7.,  depressor  ncr^'C  of  lieart. 
III.  Dei>n*?<sor  (or  reflex  vasodilator)  fibers.  Cause 
va-scular  tlilatalion  and  fall  of  arterial  pre»- 
exire  from  stimulation  of  the  vasodilator 
center, — e.tf.f  crt-ctile  tissue,  congestion  of 
glands  in  functional  acti'vity. 

It  may  be  sup]X)se(i  that  under  nonnal  conditions  the  acti\ity 
of  this  mechanism  is  adjusted  so  as  to  control  the  blood-flow  through 
the  different  organs  in  proportion  to  their  needs.  When  the  blood- 
vcsscds  of  a  i;iven  origan  are  constricted  the  dow  through  that  organ 
is  diminished,  while  that  through  the  rest  of  the  body  is  increai^ed 
to  fi  greater  or  less  ext-ent  corresponding  to  the  size  of  the  area  in- 
volved in  the  coastrictioii.  When  the  blood-vessels  of  a  jjiven 
oryjan  are  dilated  the  blmid-flovv  through  that  organ  is  increased  and 
that  through  the  rest  of  the  Iwdy  diminished  more  or  less.  The 
adaptability  of  the  vascular  system  is  wonilcrfully  complete,  and 
is  worked  out  mainly  throueih  the  reflex  activity  of  the  nen^otis 
syst^^m  exerted  partly  throii^^h  the  vjusomotor  fibers  and  partly 
through  the  re^ilatory  nerves  of  the  heart. 

Regulation  of  the  Blood-supply  by  Chemical  and  Mechan* 
leal  Stimuli. — From  time  to  time  attention  h;i.s  been  called  to 
the  fact  that  the  calibre  of  the  blood-vessels  may  be  influenced 
otherwise  than  through  the  agency  of  vasoconstrictor  and  vaso- 
dilator nerve  fibers.  Gaskeli,  for  example,  has  shown  that  acids 
in  slight  concentration  cause  a  vascular  dilatation.  BaylLss  *  has 
generalized  the  fa<'ts  of  (his  kinil,  and  has  suggested  that  in  addi- 
tion to  the  nervous  regulation  do.scril>ed  in  the  preceding  pages 
there  may  be  formed  chemical  substances  of  a  definite  character 
which  exert  a  similar  useful  regulating  action.    As  examples  of 

•  Bayli«9  in  "Ergebnisse  der  Physiologic."  1©06,  v.,  319. 
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this  influencp,  we  have  the  lactic  acid  produced  in  muscles  during 
activity  and  probably  also  the  carbon  dioxid  produced  in  this  as 
in  other  tissues.  These  substances  in  physioloj^ical  concentra- 
tions cause  a  nMaxation  of  muscular  tonuf^  by  virtue  of  their  acidity 
and,  therefore,  may  act  to  produc(^  a  local  dilatation  during  func- 
tional activity  and  tlmn  [)i<nide  tlir  organ  with  more  blood  at  the 
time  that  it  is  needed.  On  the  other  hand,  the  internal  secretion 
of  the  adrenal  jajlands  (epineplirin)  and  |>os.sibly  also  of  the  infun- 
dibular portion  of  the  pituitary  glanfi  have  the  reverse  effect, 
causing  a  vas4>constriction  anti  thus  lendtng  to  maintain  normal 
vascular  tone.  Evidence  hiis  accumulated  in  recent  years  vvhicli 
indicates  that  the  secretion  of  epinephrin  may  be  increased  under 
various  conditions,  such  as  emotional  excitement*  or  sensory 
stimulation,  and  it  is  possible  tliat  by  this  means  the  arterial 
pressure  may  be  incn'ased  untler  conditions  which  in  nature 
niight  be  supposed  to  call  for  mental  and  muscular  activity. 
Therapeutically,  various  substances  may  l>e  introduced  into  the 
circulation  winch,  by  chemical  action,  cause  a  constriction  or  a 
dilatation  of  the  peripheral  arteries  and  (bus  raise  or  lower  general 
blood-pressure.  In  the  former  class  of  vasoconstricting  reagents 
we  have  such  substances  as  epineplirin,  digitalis,  etc.,  while  in  the 
latter  class  the  nitrites,  especially  amyl  nitrite  (Brunton),  have 
been  much  useti,  particularly  in  sucli  conditions  as  angina  pectoris, 
in  which  a  quick  relief  from  a  state  of  vascular  hypertension  is 
desirable. 

*  Cannon,  "Bodily  Changes  in  Pain.  IlunKer,  Fe&r»  and  Rage,"  1915. 


CHAPTER  XXXm. 


THE  VASOHOTOR  SUPPLY  OF  THE  DIFFERENT 
ORGANS. 

There  are  three  important  organs  of  the  body — namely,  the 
heart,  the  lungs,  and  the  bniin — in  which  the  existence  of  a  vaso- 
motor supply  is  still  a  matter  of  uncertainty.  A  very'  great  deal 
of  investigation  haa  been  attempted  with  reference  to  these  organs, 
but  the  technical  difficulties  in  each  case  are  such  that  no  entirely 
satisfactory  conclusion  has  \^evn  reached.  A  brief  review  of  some 
of  the  expx'rimental  work  on  r(M-onl  will  suffice  to  make  evident  the 
presi^nt  runditiun  of  our  knowledge. 

Vasomotors  of  the  Heart. — The  coronar>'  vessels  he  in  or  on 
the  musculature  of  the  heart.  Any  variation  in  the  force  of  con- 
traction or  tonicity  of  the  heart  muscle  itself  will  therefore  affect 
possibly  the  caliber  of  the  arterioles  and  the  rate  of  blood-fiow  in  the 
coronar>'  system.  At  each  contracLiou  of  the  ventricles  the  coro- 
nary circulation  is  probably  interrupted  by  a  compression  of  the 
smaller  arteries  and  veins,  and  the  size  of  these  vessels  during  dias- 
tole will  naturally  vaiy  with  the  extent  of  relaxation  of  the  cardiac 
muscle.  Since  stimulation  of  either  of  the  efferent  nerves  supplying 
the  heftrt,  vagus  and  sympathetic,  afTect-s  the  condition  of  the  mus- 
culature, it  is  evident  at  once  how  difficult  it  is  to  distinguish  a 
simultaneous  effect  upon  the  coronary  arteries,  if  any  such  exists. 
Newell  Martin*  found  that  stimulation  of  the  vagus  causes  dilata- 
tion of  the  small  arteries  on  the  surface  of  the  heart  as  seen  through 
a  hand  lens.  Moreover,  when  the  heart  is  exposed  and  artificial 
respiration  is  stopped  the  arteries  may  be  seen  to  dilate  before 
the  asphyxia  causes  any  general  rise  of  arterial  pressure.  Martin 
interpreted  these  observations  to  mean  that  the  coronary  arteries 
receive  vasodilator  fibers  through  the  vagus.  Porterf  measured 
the  outflow  through  the  coronary  veins  in  an  isolated  cat's  heart 
kept  alive  by  feeding  it  with  b]of>d  through  the  coronary  arteries. 
He  found  that  this  outflow  is  diminished  when  the  vagus  ner\'e 
is  stimulated,  and  hence  concluded  that  the  vagus  carries  vasocon- 
strictor fillers  to  the  heart.  Maas}  reports  similar  results  also 
obtained  from  cats'  hearts  kept  alive  by  an  artificial  circulation 
through  the  coronary  arteries.  Stimulation  of  the  vagus  slowed 
Martin,  "Transactions  Medical  and  Ctiirurgioal  FaruUy  of  Maryland/' 

t  Port«r,  "Bosfton  Medical  and  Surgical  Journal,"  January  9,  1896. 
i  Maas,  "  Archiv  f.  die  gesammte  Physiologie/'  74,  281, 1899. 
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the  stream    (vaeoconstrictor   fibers),    while   stimulation   of   the 
eympathetie  path  quickened  the  flow  (vasodilator  fibers).    Neither 
3kl&&s  nor  Porter  gives  conclusive  proof  that  the  heart  musculature 
^TJis  not  affected  by  the  stimulfitton.     Wiggers  reports*  that  the 
^ert  of  epinephrin  upon  a  heart  perfuftefl  through  the  coronary 
arteries,  but  not  beating,  is  to  decrease  the  flow,  while  upon  the 
Wting  heart  this  efTect  is  reversed,  owing  to  the  action  of  the 
eipiiiephrin  upon  the  heart  contractions.     Schaefer,t  on  the  con- 
trary, gets  entirely  opposite  results.     When  an  artificial  circula- 
tion was  maintained  through  the  coronary  system  and  the  amount 
of  outflow  was  determined,  he  found  that  this  quantity  was  not 
de6Qit**ly  influenced  by  stimulation  of  either  the  sympathetic  or 
the  vagus  branches.     Moreover^  injection  of  epinephrin  into  the 
foronary  circulation  had  no  influence  upon  the  outflow,  imd  since 
UuB  Bubstaace  causes  an  extreme  constriction  in  the  vessels  of 
oipns  provided  with  vasoconstrictor  fibers,  the  author  concludes 
tint  the  coronary  arteries  have  no  vasomotor  nerve  fibers.    Lang- 
odorff  reports  that  strips  of  coronary  art-ery  suspended  in  an  epi- 
Mphrin  solution  exhibit  relaxation  instead  of  the  contraction  shown 
by  other  arteries,  and  this  fact,  if  corroborated,  might  be  considered 
u  e\i(ience  for  the  presence  of  vasodilator  fibers.     It  is  evident 
fmm  a  consideration  of  these  results  that  the  existence  of  vasomotor 
fibers  to  the  heart  vessels  is  still  a  matter  open  to  investigation. 

Vasomotors  of  the  Pulmonary  Arteries. — The   pulmonary 
circulation  is  complete  in  itself,  and  it  lUffersfrom  the  systemic  cir- 
rulation  chiefly  in  that  the  periplieral  resistance  in  the  capillary 
wea  is  much  smaller.     Coasequently  the  arterial  pressure  in  the 
pulmonary  artery  is  small,  while  the  velocity  of  the  blood-flow  is 
ffeiter  than  in  the  systemic  circuit, — tliat  is,  a  larger  portion  of 
the  energy  of  the  contraction  of  the  right  ventricle  is  used  in  mov- 
ing the  blood.    From  the  mechanical  conditions  prestrnt,  it  is  ob- 
^*i*^usihat  the  pressure  in  the  pulmonary  artery  might  Ix*  increased 
oya  vaso<'onstriction  of  the  smaller  lung  arteries,  or,  on  the  other 
™id,  by  an  increase  in  the  IiKmxI-How  to  the  right  ventricle  through 
^w  ven»  cavfie,  or,  lastly,  by  back  pressure  from  the  left  auricle  when 
^>P  left  ventricle  is  not  emptying  it'ielf  as"well  as  u.sual  on  account 
^'high  aortic  prt^ssure.    Wliile  it  is  comparatively  easy,  therefore, 
^  'fteasure  the  pressure  in  the  pulmonary  artery,  it  is  difhcult,  in 
J_.^  interpretation  of  the  changes  that  occur,  to  exclude  the  possi- 
bility of  the  effects  Ix^ing  due  indirectly  to  the  systemic  cirrula- 
^^U.     Bradford  and  Dean,|  by  comparing  carefully  the  simul- 
^•^eous  records  of  the  pressures  in  the  aorta  and  a  branch  of  the 
P^Utionary  artery,  came  to  the  conclusion  that  the  tatter  may 

♦L^*Wig^ers,    ".\merican   Jnumal   of   Physiology,''    1909.     Proc<?eding3  of 
^'^  Aoierican  Physiological  Snrifty. 

t"Archivca  cles  scieuccta  biologiques,"  11.  siippl.  volume,  251,  1905. 

IBradfoM  and  Dean,  "Journal  of  Physiology,"  16.  34,  1894. 
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medulla,  the  impulses  along  one  path  exciting  the  center,  while 
these  along  the  other  inhibit  its  tone,  or,  jih  explained  below,  excite 
a  va.sodilator  center.  Among  the  many  depressor  effects  that 
have  been  observed  on  stimulation  of  afferent  nerve  fibers  one  has 
aroused  especial  interest — namely,  that  caused  by  cerUiin  afferent 
fibers  from  the  heart  or  from  the  aorta.  These  fibers  in  some 
animals- -the  dog,  for  inatancc^ — run  in  the  vagus  nerve,  but  in 
other  animals^  the  rabbit,  they  form  a  separate  nerve,  the  f^o-called 
depreasor  nenfe  of  the  heart — discovererl  by  Ltidwig  and  C'yon 
(1866).  So  far  as  the  effect  in  question  is  concemeil  the  physiolog- 
ical evidence  indiralew  tliat  the  fibers  arise  from  tlie  descending 
aorta  and  it  might  be  more  appropriate  to  speak  of  them  as  the 
depressor  nerve  of  the  aorta.*  In  the  rabbit  this  nerve  forms  a 
branch  of  the  vagus,  arising  high  in  the  neck  by  two  roots,  one 
from  the  trunk  of  the  va^us  and  one  from  the  superior  laryngeal 
branch.  It  runs  toward  the  lieart  in  the  sheath  with  the  vagus 
and  the  cervical  sympatlietic.  The  nerve  is  entirely  afferent. 
If  it  is  cut  and  the  peripheral  end  is  stimulated  no  result  follows. 
If,  however,  the  central  end  is  stimulated  a  fall  of  blood-pressure 
occurs  and  also  perhaps  a  slowing  of  the  heart  beat  (see  Fig,  255). 
The  latter  effect  is  due  to  a  reflex  stimulation  of  the  cardio-inhil>- 
itory  center  and  may  be  (eliminated  by  previous  section  of  the 
vagi.  The  fall  of  bloo^l-prossure  is  explained  by  supposing  that 
the  nerve,  when  stimulatetl^  inhibitjii,  to  a  greater  or  les8  extent,  the 
tonic  activity  of  the  vasoconstrictor  center,  t  Physiological  ex- 
periments indicate  that  the  nerve  i>luys  an  imj)ortant  regulatory 
r61e.t  When,  for  instance,  blood-pressure  rises  above  normal 
limits,  it  may  be  supposed  that  the  endings  of  this  nerve  in  the 
aorta  or  heart  are  stimulated  by  the  mechanical  effect,  and  the 
blood-pres-sure  is  thereby  lowered  by  an  inhibition  of  the  tone  of  the 
constrictor  center.  Moreover,  it  htm  been  shown  by  Einthoven 
that  every  heart  beat  sends  up  tins  nerve  a  series  of  nerve  impulses, 
that  is,  when  the  nerve  is  cut  and  the  ends  are  connected  with 
a  string-galvanometer,  electrical  variations  occur  synchronous 
with  the  heart  beat  (Fig,  280).  To  explain  this  result  we  can 
only  assume  that  each  heart  beat  stinmlates  sensory  endings 
in  the  heart  itself  or  in  the  aorta,  and  that  the  nerve  impulses 
thus  transmitted  to  the  medulla  probably  play  a  r61e  in  main- 
taining the  tonic  activity  of  some  of  its  centers,  perhaps,  as 
Einthoven  suggests,  the  tonic  activity  esi>ecially  of  the  cardio- 
inhibitory  center. 

♦S©e  Eyster  and  Hooker,  "  American  Journal  of  Phj-woloCT^, "  21,  373, 
1908;  aI»o  K6Bter  and  TRclicniiak,  *' Archiv  f.  die  ffefiatnmte  Physiolorie, " 
93,  24.  1002. 

t  Sw  Porter  and  licvLrr,  "American  Journal  of  Physiology,"  4,  283,  1900; 

also  Haylitw.  "Journal  of  riiyHiologv,"  14,  ItCJ.  IW;J. 

tSewall  and  Steiuer,  "Joumll  of  PhyHiology, "  6,  162,  1885. 
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A  most  suggestive  example  of  tlie  reguluting  action  of  the  dppreasor  nprve 
is  given  by  ScwaJl.  Wlicn  the  carotids  in  a  rabhit  are  damped  a  variable 
una  not  very  large  ritfe  of  arterial  presaiire  is  observed.  If,  however,  the 
depressor  nerves  are  first  cut,  clampmg  the  carotids  causes  an  extraoniinary 
rise  of  arterial  prcaaare.  When  the  carotids  are  closed  we  may  eupposc  tlxat 
the  resulting  anemia  of  the  raediilla  stimulates  the  vasoconstrictor  center 
and  thus  tends  to  raise  arterial  pressure,  but  this  effect  is  neutralised  because 
ail  tlic  pressure  riaea  the  ilepressor  fibers  of  the  heart  are  stimulated.  It 
seems  evident  that  during  life  the  depressor  fibers  must  exert  a  very  iniport4mt 
regulating  effect  upon  the  circulation. 

A  similar  nerve  has  Ix^n  descri}>o(l  anatomk-ally  in  man,  while 
in  unimals  like  the  dog,  in  which  it  is  not  present  as  a  separate 
anatoniical  stnicture,  it  probably  exists  within  the  trunk  of  the 
vagus.  If  this  Ifitt^r  nerve  is  cut  in  the  dog  and  the  central  end 
is  stimulated  a  depressor  effect  is  usually  obtained. 

VtMor  op  strict  or  Ceritrrn  in  thr  Sninnl  Cfml. — From  the  desoription  of  the 
vasoconstrictor  mechanism  given  atiove  the  probable  inference  may  be  niarle 
that  throughout  the  thoracic  reflion  the  cells  of  oripin  of  the  preganKhonic 
fibers  may,  under  special  cnnditmns,  act  a<*  subordinate  vasoconstrictor  centers 
capable  of  gi^'ing  reflexes  and  of  exhibiting  iM>me  tonic  activity.  Numerous 
experiments  tend  to  support  this  inference  When  the  spifial  cord  ia  cut  in 
the  lower  thoracic  region  there  is  a  |>aralysia  of  \'a.scuJar  lone  m  the  posterior 
extremities.  If,  however,  the  aniiiniil  is  kept  alive  the  vessels  gradually  re- 
ci>ver  their  lone,  although  not  connected  with  the  uie(lullar>'  reuier.  The  re- 
sumption of  tone  in  tills  vhi^  may  Ix;  attributed  U\  the  nerve  cells  in  the  lower 
thoracic  and  upper  lumbar  region,  since  vaincular  paralysi^t  i^  Ligain  produced 
when  this  portion  of  the  cord  is  destroyed.  Finally,  lloltz  hiu-i  shown  that 
when  the  entire  cord  is  destroyctU  except  the  cervical  region  Cp-  b'>4),  vuH-ular 
tone  may  be  restored  (eventually  in  the  hUiod-vcjweb*  affeetotl.  In  Ihw  case  the 
resumption  of  tonicity  must  be  referred  either  to  the  i>r(ipcrtie»  of  the  muM*ular 
coalfl  of  the  arteries  themselves,  or  to  the  aciivily  of  the  sy  in  pathetic  nerve 
cells  that  jcivi'  rise  to  the  [kwI ganglionic  fibers.  Howpvrr  tluH  may  be,  it  st^»mfl 
Quilc  clear  that  under  normal  conditions  the  great  Viirf(*conslrictor  center  m 
tne  me<luUa  is  the  importanl  scut  of  tonic  and  of  reflex  activity.  If  the  con- 
npctions  of  this  cr*nter  with  the  blond-vp*wels  arc  (h'stniywi  suddenly — for 
example,  by  cutting  the  cervical  cnrd — blood -pressure  falls  at  once  to  such  a 
low  level,  20  to  30  mnis.  Hg.,  that  tieaih  usually  results  unless  artificial  means 
are  employed  to  sustain  the  animal. 

Rhythmical    Activity    of    the    Vasoconstrictor    Center. — 

Throughcjut  life  the  vusoconstrictor  center  is  in  tone  the  intensity 
of  which  varies  TAith  the  intensity  and  character  of  the  reflex  im- 
pulses playing  upon  it.  UntJer  certain  unusual  ronditions  the 
center  may  exhibit  rhythmical  variations  in  tonicity  which  make 
themselvp.s  \isil>le  as  rhythmical  riscp  and  falls  in  the  general 
arterial  pressure  (Fig.  25(>),  the  waves  being  innch  longer  than 
those  due  to  the  revSpii-ator>'  movements.  These  waves  of  blood- 
pressure  are  observed  often  in  ex|>eriments  upon  animals*  hut 
their  ultimate  cause  is  not  understood.  They  are  usually  desig- 
nated as  Traube-Hering  waves,  although  this  term,  sftrictly  speak- 
ing, belongs  to  waves,  s}'nchronous  with  the  respiratory  move- 
ments»  that  were  observed  by  Traube  upon  animals  in  which 
the  diaphragm  was  paralyzed  and  the  thorax  was  opened. 
These  latter  waves  are  also  due  to   a  rh^-thmical   action   of  the 
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as  the  suporior  cort^bral  vein.  A  point  of  physiological  interest  is 
that  the  venous  sinuses  and  their  points  of  emergence  from  the  skull 
are  by  their. structure  well  proteeted  from  elosure  by  compression. 
The  Metiintfcal  Spnceti  and  Cerebrospinal  Liquid. — The  general 
arrangement  of  the  meningeal  memliranes,  and  partieularly  of  the 
nieningeul  spares,  is  iinjiortant  in  eonneetion  with  the  ineehanies  of 
tiie  brain  eireulation.  In  the  skull  the  dura  mater  adheres  to  the  bone, 
the  pia  muter  invests  closely  the  surface  <»f  the  brain,  while  betwe4:'n 
lies  the  arachnoid  (Fig.  257).  The  capillary  spaee  between  thearaeh- 
noiii  and  the  dura,  the  son  ailed  subciural  space,  may  b<*  neglected. 
Between  the  arachnoid  and  the  pia  mater,  however,  lie^  the  sub- 
arachnoidal space  more  or 
less  intersected  by  septa  of 
connective  tissue,  but  in  free 
coramunication  throughout 
the  brain  and  cord.  Tliis 
subanichnoidal  space  Is  filled 
with  a  liquid,  the  cerebro- 
spinal liquid,  which  forms  a 
pad  inclosing  the  bniin  and 
cord  on  all  sides.  The  liquid 
surrounding  the  cord  is  in 
frw  rnnunmiication  with 
that  in  the  brain,  as  is  indi- 
catotl  in  the  accompanying 
schematin  figure  (Fig.  258). 
Within  the  brain  itself  there 
are  certain  jMnnts  at  tiie  an- 
gles and  hollows  of  the  differ- 
ent parts  of  the  brain  at  which 
the  subarachnoidal  space 
is  much  enlarged ,  forming 
the  so-called  cisterme,  which 
are  in  conununicatlon  one 
with  anotlicr  by  means  of  the 
less  conspicuous  canals  (see 
Fig.  259).  rhe  whole  system 
is  also  in  direct  communica- 
tion with  the  ventricles  of 
the  brain  on  the  one  liand, 
through  the  foramen  of 
Magendie,  the  foramina  of  Luschka,  and  porhaj^  at  other  places. 
and  on  the  other  hand,  along  the  cnmial  and  spinal  nerx'es  it  is 
continued  outward  in  the  tissue  spaces  of  the  sheaths  of  these  ner%'es. 
The  Pacchionian  bodies  constitute  also  a  pecuhar  feature  of  the  sub- 
arachnoidal space.    These  bodies  occur  in  nmnbers  that  var>'  with 
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the  individual  and  with  age,  and  are  found  along  the  sinuses, 
especially  the  superior  longitudinal  sinus.  Each  body  is  a  minute, 
pear-shaped  protrusion  of  the  arachnoidal  membrane  into  the  inte- 
rior of  a  sinus,  as  represented  scliematicaily  in  Fig.  260.  Through 
these  bodies  the  cerebrospinal 
liquid  is  brought  into  close 
contact  with  the  venous 
blood,  the  two  being  sepa- 
rated only  by  a  tliiii  layer 
of  dura  and  the  very  thin 
arachnoid.  The  numJ>er  of 
the  Paccliionian  bodies  is 
hardly  sufficient  to  le-ai!  us 
to  suppose  that  they  have  a 
special  physiological  impor- 
tance. The  cerebrospinal  liq- 
uid found  in  the  subarach- 
noidal space  and  the  ventri- 
cles of  the  brain  is  a  very 
thin,  watery  liquid  having  a 
specific  gravity  of  only  1 .007 
to  1.008.  It  contains  only 
traces  of  proteins  and  other 
organic  substances,  which  may  vaiy  under  pathological  condi- 
tions. It  is  thinner  and  more  watery  than  t!ie  lymph*  resembling 
rather  the  aqueous  humor  of  the  eye.     The  amount  of  this  fluid 


Fl«.   250. — Diamm  I 
of  thn   cUt«nup  and   canain  of  the  subantrh* 
noidal  Kj>ace. — {Poirier  and  Charpjf.} 
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Flc.  2ao.— Schema  tn  ahow  the  relationn  of  the  PaoebionUD  bodim  to  the  liiniwiw: 
df  rf.  Fold*  ol  the  dura  mt,ter,  incloelng  a  slnuB  between  them ;  v.6.,  the  blood  in  the 
nnus;  a,  thn  antchnoi<Ul  membrane;  p,  the  pia  mater;  Pa.,  the  Pacchiontan  body  a* 
a  projection  of  the  arachn^irj  uito  the  blocxl  nnun. 


present  normally  is  diffunilt  to  determine.      Various  figures  have 
been  given,  but  it  is  usually  stated  to  amount  to  60  to  80  c.c.     If 
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these  figures  are  correct  it  evidently  does  not  form  a  thick  envelope 
to  the  ner\'ous  system.  Under  abnormal  conditions  (hydroceph- 
alus, etc.)  the  quantity  may  be  greatly  increasetl,  and  it  is  statetl 
that  normally  the  amount  increases  with  age,  after  puberty,  as 
the  brain  shrinks  in  size*  It  iw  phytiiologically  interesting  to  find 
that  this  hquid  may  be  formed  ver}'  promptly  from  the  blood  and, 
when  in  exceHs,  he  absorbed  quickly  by  the  blood.  In  fractures 
of  the  base  of  the  skull,  f(jr  instance,  the  liquid  has  been  observed 
to  drain  off  st-eadily  at  the  rate  of  200  c.c.  or  more  per  day.  On  the 
other  hand,  when  one  injects  phyaiological  t^aline  into  the  sub- 
arachnoidal space  under  some  pressure  it  is  absorbed  with  sur- 
prising rapidity.  After  death,  also,  the  liquid  present  in  the  sub- 
arachnoidal space  is  soon  absorl>ed.  Experimental  work  f  indicates 
that  the  cerebrospinal  liquid  is  funned  within  the  ventricles  from 
the  choroid  plexuses,  and,  indeed,  there  is  some  evidence  that  its 
formation  may  be  due  to  a  process  of  active  secretion  on  the  part 
of  the  epithelial  cells  covering  these  plexuses.  However  that  may 
be,  the  stream  of  lit^uid  starts  within  the  ventricles  ami  passes  out 
through  the  foramen  of  Magcudie  and  the  foramina  of  Luschka 
into  the  subarachnoidal  spaces,  from  which  in  turn  it  is  absorl>ed 
into  the  cerebral  veins.  If  the  aqueduct  i>f  Sylvius  or  the  for- 
amina of  exit  are  blocked,  the  continue<l  fonnution  of  liquid  within 
the  ventrlch^s  mny  lead  to  the  production  of  internal  hydn>- 
cephahis.  The  rapidity  of  formation  of  the  secretion  is  increased 
apparently  by  pituitary  extracts  ami  diminished  by  thyroid 
extracts.  J 

Intracranial  PreHnure. — By  intracranial  pressure  is  meant  the 
pressure  in  the  space  between  the  skull  and  the  brain, — therefore 
the  pressure  m  the  subarachnoidal  liquid  and  presumably  also  the 
pressure  in  the  ventricles  of  the  brain,  since  the  two  spacer*  are  in 
cumnumiciition.  This  pressure  may  l3e  measured  by  boring  a  bole 
through  the  skull,  dividinjs  the  <lura,  ami  connecting  the  under- 
lying space  with  a  manometer.  Most  observers  who  have  measured 
this  pressure  state  that  it  is  the  same  as  the  venous  pressure  within 
the  sinuses.  This  we  can  understand  when  we  renKMnl>er  the  ch»se 
relations  between  the  subarachnoidal  liquid  uml  the  large  veins 
and  sinus(*s.  We  may  consider  that  the  large  veins  an^  surrounded 
by  the  cerebrospinal  liquid,  and  consequently  an  equilibrium  of 
pressure  may  Vm?  cstablishe<l  between  them;  any  rise  in  the  intra- 
cranial pressure  raises  venous  pressure  by  compression  of  th<' 
veins,  and  probably  hy  accelerating  the  flow  of  liquid  from  the 

•StiUrnim.  "Archives  of  Intemd  Mwhcine.'*  8,  193,  1911. 

t  Diimlv  and  litaokfan,  'Moumiil  of  the  Ann^r.  Mp<1.  A»woc.,"  Dc«ocfnber| 
20,  1913;  also  Dixon  ami  IhiUihiinun,  'Motjmal  of  Physiology/"  42,  215,  1913.1 

J  Weed  and  CnHhinR,  "Aiiu'ricaii  Journal  of  Physiology,"  3ti,  77.  1915;] 
aldo  Frazier  and  Peet.  ibid.,  ^0,  464,  1915. 
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tubarachnoidHi  spacu  into  iht'  venous  circulation.  On  the  other 
hand,  an  increase  in  venous  pressure  might  l>e  assumed  to  cause 
a  corresponding  rise  in  intracranial  pressure  due  to  the  compression 
following  the  expansion  of  the  venous  walls,  and  to  the  retanlation 
of  the  inflow  of  cerebrospinal  liquid  into  the  veins.  If  the  cerebro- 
spinal liquid  is  formed  in  the  choroid  plexuses  by  a  process  of 
secretion  there  may  be,  of  course,  a  secretion  pressure  not  de|>end- 
ent  on  the  meehani<'al  conditions  in  the  vascular  circulation,  which 
may  cause  independent  variations  in  the  pressure  within  the  sub- 
arachnoiilal  space.  But  it  is 
not  at  all  certain  that  the 
cerebrospinal  liquid  is  formed 
by  a  process  of  active  secre- 
tion, and  in  any  event  the 
ciianges  in  mechanical  press- 
ure within  the  cerebral  veins 
must  influence  directly  the 
pressure  in  the  surrounding 
cerebrospinal  Hquid,  and  vice 
versa  in  the  way  desc  ri  bed 
above.  Compression  of  the 
veins  of  the  neck  raises  the 
pressure  in  the  cerebral  veins 
and  also  intracranial  pressure, 
and  a  higher  general  arterial 
pressure  also  results  finally  in 
a  higher  pressure  in  the  cere- 
bral veins,  and,  therefore,  in 
the  subarachnoidal  space. 
Under  pathological  condi- 
tionSf  such  as  tumors,  ab- 
scesses, excessivt^  formation  of 
cerebrospinal  liquid,  etc., 
which  lead  to  a  general  com- 
pression of  the  brain,  intra- 
cranial pressure  may  he  in- 
creased l>eyond  normal  limits.  Experimental  investigations  show 
that  so  long  as  the  intracranial  pressure  remains  below  that  of  the 
arteries  supplying  the  brain  the  circulation  through  the  brain  is 
not  markedly  afFected.  If,  however,  the  intracranial  pressure  rises 
above  general  arterial  pressure  the  flow  through  the  substance  of 
the  brain  ts  prevented  and  a  condition  of  anemia  results  which 
would  presumably  cause  unconsciousness.  In  anesthetized  ani- 
mals submitted  to  such  a  condition  it  has  been  shown  that  a 
compensation  takes  place;  the  anemic  condition  of  the  medulla 
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Fi«.  2fll. — Sch«mB  to  repnwwnt  the 
trananiu«uon  of  Hrterial  prcMfturR  thruush 
Che  brain  aubstance  to  the  vpiris:  A,  Tm 
artery,  V,  the  vein,  repreeentcd  us  eatennv 
into  ami  emerpni;  frora  a  box  with  ri^d 
walls  an>rj  fillisl  n-'ith  inrompreftf^ihle  tiiiuul; 
c,  e,  the  intorvcninK  area  of  small  arte- 
npft,  elr.  An  cxpmmdon  of  the  walbt  of 
the  arterinl  .syntem  by  the  pube  wave  or  by 
A  rtw  of  art4>rial  prwwure  incretLsea  the  pr*«- 
Kurt<^  on  the  iiurrouniliu£  liQuitl  and  ttiia  ia 
tmnsniittefl  thrnuKh  the  liquiti  to  the  wails 
111  tiie  veina  and  eoniiiretv«it  ihcin.  since  at 
thL<«  (Miint  nf  the  circuit,  the  intravaoculu* 
pressure  ia  lov. 
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stimulates  the.  t:ar<lio-inlubitory  L-entcr,  causing  a  slower  heart 
beat;  at  the  same  time  it  stimulates  also  the  vasomotor  center, 
causing  a  general  vasoconstriction  in  the  rest  of  the  body,  the 
result  of  which  is  to  raise  the  arterial  pressure  and  reestablish  the 
cranial  circulation  (Gushing).* 

Reduced  to  its  siraplesl  form,  the  normal  conditions  may  be  represented 
by  H  schema  such  as  is  ^iven  in  Fiij.  261.  A  system  with  an  artery,  capillary 
iirea,  and  a  vein  is  rc|>re^cnte<l  six  melospti  in  a  rigid  box  and  surrounacd  by 
an  incompressible  liquid.  AixordiiiK  Uj  the  conditions  prevjiiling  in  the  bodv, 
the  pressure  in  the  interior  of  M  and  itn  brancht^  is  murh  hif^hrr  than  in  t*. 
Ifj  now,  the  proHdurt;  in  A  ih  incre;w*evl  the  greater  presstire  hmughl  to  bear  on 
the  walls  will  tend  to  expand  them;  a  greater  preasure  will  thereby  be  com- 
municaterl  to  the  outside  liquid,  which,  in  turn,  will  compress  the  veins  eor- 
rewpondingly.  The  expannion  on  the  arterial  wide  Lh  made  possible  by  a  corre- 
fapouding  diminution  on  the  vcnou.s  .side  where  the  internal  pressure  Is  least. 

The  recorded  measurements  of  the  intracniniul  pres.sure  show 
that  it  may  vary  from  50  to  t>0  mms.  of  mercury,  obtaine<l  tluring 
the  great  rise  of  pressure  following  strychnin  poisoning,  to  zero 
or  less,  as  obtained  by  Hillj  from  a  man  while  in  the  erect  po*-) 
ture.  In  this  position  the  negative  influence  of  gravity  is  at  its 
maximum. 

The  Effect  of  Variations  in  Arterial  Pressure  upon  the  Blood- 
flow  through  the  Brain. — Quite  a  number  of  ubserversj  liave  proved 
experimentally  that  a  rise  of  general  pressure  is  followed  not  only 
by  an  increase  in  the  intracranial  tension,  but  also  by  an  increased 
bloo<l-flow  through  the  brain.  There  has  been  much  discussion  as 
to  whether  a  rise  of  arterial  pressure  in  the  basilar  arteries  can  cause  j 
any  actual  increase  in  the  amount  of  blood  in  the  brain  or  whether  ' 
it  expresses  itself  solely  or  mainly  as  an  increased  amount  of  flow. 
Jn  the  other  organs  of  the  body,  oxeept  perhaps  the  hones,  a  general 
rise  of  pressure,  not  accompanied  by  a  constriction  of  the  organ's 
own  arteries,  causes  a  tlilatation  or  congestion  of  the  organ  together 
with  an  increased  blood-flow.  Physiologically  the  congestion — 
that  is,  the  increased  capacity  of  the  vessels — is  of  no  value;  the 
important  thing  is  the  increase  in  the  quantity  of  blood  flowing 
through.  In  the  brain,  owing  to  the  peculiarities  of  its  position, 
it  has  been  suggest-ed  that  perhaps  no  actual  increase  in  size  is 
possible.  It  Ls  evident,  however,  that  the  existence  of  the  liquid 
in  the  subarachnoidal  space  makes  possible  some  actual  expan- 
sion of  the  organ.     For  as  the  pressure  upon  this  liquid  inerejtses  it 

•  Cushhig*  "Ameriean  Journal  of  the  Medical  Seieneesi."  1902  and  lW)3j 
and  al.s«>  Kyst^^r.  Hurrowri  und  Kwick,  "Joumal  of  Kxi>erimental  Medicine,' 
11,  489,  lOOO. 

t  Bayliss  and  Hill.  "Jounml  of  PhysioloKy."  IS.  356,  1805. 

i See  Gartner  and  Wajintr,  "Weiner  med.  Woehenachrift."  1887;  de  Boeck 
ami  VerhorRpn,  "Journal  de  M^deeine,  etc.,"  Brusaols;  Roy  and  Sherrington, 
*'Jimnial  of  Phy-^ioUiRvr  H,  85,  1890;  Ueiner  and  Schnitxlcr,  *'.\rchiv  f.  cxp. 
Pathol,  ir  Phurmakol.;';i8.  249»  1897. 
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riven  into  the  dural  sac  of  the  cord  (Fig.  258)  ami  along  the 
of  the  cranial  and  spinal  nen'os.     To  what  extent  this  is 
ily  possible  in  nian  we  do  not  know,  nor  do  we  know  how  much 
il  liquid  is  contained  in  the  skult  and  brain  of  man.     In 
Itfae  dog  Hill*  finds  experimentally  that  the  brain  can  expand  only 
^by  $n  amount  equal  to  2  or  3  c.c.  without  causing  a  rise  of  intra- 
ennial  tension;  so  that  probably  tliese  figures  represent  the  amount 
of  expansion  possible  in  this  animal  by  simple  scjueezing  out  of  the 
ferebmspinal  Uquid.     If  the  rise  of  arterial  pressure  is  suph  as  to- 
expand  the  brain  beyond  this  point,  then  it  may  not  only  force 
out  cerebroepinal  liquid,  if  any  remains,  but,  as  explained  in  the 
kst  paragraph,  it  will  compress  the  veins  and  raise  intracranial 
pleasure.    To  the  extent  that  the  veins  are  compressed  as  the  ar- 
teries expand  no  actual  increase  in  the  size  or  IihxKi-caiiacity  of  the 
biain  takes  place.     That  an  expansion  of  the  lirain  arteries  com- 
lUCflBes  the  veins  is  indicated  very  clearly  by  the  normal  occurrence 
^f  a  venous  pulse  in  this  organ.     The  blood  flows  4jut  of  the  veins  of 
"^J>e  brain  in  pulses  synchronous  with  the  arterial  pulses,  and  this 
'Venous  pulse  may  l>e  recorded  easily  as  shown  in  Fig.  262.     In  this 
xaoB  the  sudden  expansion  of  the  arteries  compresses  the  cerebral 
vfina,  giving  a  synclurinous  rise  of  prcasure  in  the  interif)r  of  the 
anuaes.    Some  authors  (Geigel,  Gmshey),  on  purely  theoretical 


F^  203. — SimulUfcneous  record  of  pulw  tn  the  circle  of  WLIlis  (c)  mad  in  the  torwi- 
iir  fterophUi  (')-  I'htr  imcinic  from  tlie  circle  uf  WililU  woa  obtALoed  by  meana  of  a 
Uortlilt  manometer  connectetj  with  thr  heail  cmi  of  the  internal  carotid.  It  will  be  noted 
thmt  ib*  pulflM  are  ^imulcaneoa-f.  imlicatittg  that  the  venous  pulae  w  due  to  the  tnuumi»- 
tioa  d  tM  artenal  pul.<«  through  the  bnuo  ^ubstaaoe. 


|pt}undff^  have  held  that  this  compression  of  the  veins  in  cases  of  an 
ext-ensive  rise  in  arterial  pr(*ssure  may  result  in  a  diminished 
bltx>d-flow  through  the  organ, — a  sort  of  self-strangulation  of 
ha  own  circulation.  Actual  experiment  shows  that  this  is  not  the 
eaaew  Any  ordinary  rise  of  general  arterial  pressure  is  accompanied 
by  a  greater  blood-flow  through  the  brain,  so  long  as  the  arterial 
pressure  remains  above  intracranial  pressure.  Whether  the  brain 
increases  in  volume  as  a  result  of  a  rise  of  arterial  pressure  is,  on  the 
physiological  side,  unimportant;  the  main  \yo\i\i  is  that  the  amount 
of  blood  flowing  tlinmgh  it  is  incrcHsed  under  such  circumstances  as 

•  Hill,   "The   Physiology  and  Patholugj'  of   the  Cerebral   Circulalion," 
t»Ddon.  1896. 
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woukl  caurto  a  like  result  in  othor  organs.  That  the  compression  of 
the  veiuw  lioes  not  produce  any  sensible  obstruction  to  the  blood- 
flow  may  be  understood  easily.  In  the  first  place,  this  compression 
does  not  take  plaee  at  the  narrow  exit  from  the  skull, — since  at  that 
point  the  sinust^s  are  protected  from  the  action  of  intracranial  press- 
ure. The  compression  takes  place  doubtless  upon  the  cerebral  veins 
emptying  into  the  sinuses,  and  at  this  point  the  venous  \ye6, 
taken  as  a  whole,  is  so  large  that  the  expansion  due  to  an 
ordinar>'  rise  of  arterial  pressure  is  distributed  and  has  but  little 
effect  on  the  volume  of  the  flow.  Secondly,  ver\'  great  increases  in 
arterial  pressure,  up  to  the  j>oint  of  nipture  of  the  walls,  have  less 
and  less  effect  in  actually  expanding  the  arteries;  a  point  is  reached 
eventually  at  which  these  tubes  become  practically  rigid,  so  that 
farther  expansion  is  impossilile.  This,  of  course,  is  true  for  every 
or^an. 

The  Regulation  of  the  Brain  Circulation. — It  is  still  a  matter 
of  uncertainty  wiiethcr  the  arteries  of  the  l>rain  possess  vasomotor 
nerves.  Most  of  the  authors  who  have  studie<l  the  matter  ex|)eri- 
mentally  have  concluded  that  there  arc  none.*  These  authors  were 
unable  to  show  that  stimulation  of  any  of  the  nen'e  paths  that 
might  innervate  the  brain  vessels  causes  local  effects  upon  the  brain 
circulation.  Whenever  such  stimulations  caused  a  change  in  prea^ 
sure  or  amountof  flow  in  thebrain  the  resultwiis  referable  to  an  alter- 
ation of  general  arterial  pressure  produced  by  a  vasomotor  change 
elsewhere  in  the  body.  When  as  a  result  of  such  stimulation  the 
pressure  rises  in  the  circle  of  Willis,  one  may  infer  that  if  this  is  due 
to  a  local  constriction  in  the  cerebral  arterioles  there  shouUi  be  a 
fall  of  i>ressure  in  the  venous  sinuses  and  a  diminished  flow  of  blood; 
if^  on  the  contrary',  it  is  due  to  a  constriction  elsewhere  in  the  body 
that  has  increased  general  arterial  pressure,  but  has  not  constricted 
the  brain  circuit,  then  there  should  l)e  a  rise  in  venous  pressure  and 
intracranial  pressure,  togetlier  with  a  greater  flow  of  blood  through 
the  brain.  Most  observers  obtain  this  latter  result.  Some  inves- 
tigators, Hiirthle,  Francois-Franck,  an<l  others, f  on  the  other 
hand,  have  obtaineil  results,  especially  from  Ktimulation  of  the 
cervical  sympathetic,  which  indicated  local  vasoconstriction  or  vaso- 
dilatation in  the  brain.  So  far  as  the  experimental  results  for  or 
against  vasomotors  are  based  upon  a  determination  of  the  amount 
of  flow  through  the  brain  or  ujwjn  measurements  of  jiressure  within 
the  circle  of  Willis,  it  has  been  shown  that  an  undetermined  fac- 
tor is    inv'olvcd  which  makes   such  observations   unsatisfactory'. 

•  See  Ri>v  jiihI  ShrrrinKton,  BuvIihh  ami  Hill,  Hill,  Cluortnrr  nnd  Wrmner. 
loc.  n*/..  and  Hill  umi  MuoIxhhI.  'Joiimft]  uf  PhynioioRy/'  26,  394,  VMM. 

t  Hiir(lilf\  ''Archiv  f.  die  KPWHmnitc  PhysioloKii'.'"  44.  574,  1S80;  Krarn.*oi*- 
Franck,  "Ardiivfs  de  phvsidl.  normalc  ct  pathologiquc,"  181K);  We4>cr, 
•'Archiv  f.  Physiologie,"  190M,  437. 
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It  has  been  .shown*  in  experimeats  upon  dojjs  that  wlieii  the  intra- 
cranial pressure  is  raised  so  high  as  to  obliterate  the  circulation 
through  the  brain  subst-ance  itself  an  abundant  circulation  may  be 
maintained  through  the  skull  by  perfusion  into  the  internal  carotid 
— that  is  to  say,  there  are  paths  between  the  circle  of  Willis  and  the 
emergent  veins  other  than  the  capillary  circulation  through  the 
brain  substance.  One  such  path  is  furnished  by  an  anastomosis 
at  the  base  of  the  skull  between  the  circle  (through  the  internal 
carotid)  and  the  ophthalmic  liraneh  of  the  internal  maxillary  artery. 
It  might,  therefore,  very  well  happen  that  the  circulation  in  the  brain 
substance  may  be  changed  without  materially  affecting  the  amount 
of  blood-flow  from  the  brain,  owing  to  the  fact  that  these  other 
paths  arc  open.  Weber,  wlio  used  the  plethysmographic  method 
of  measuring  the  volume  of  the  brain,  states  positively  that  stimu- 
lation of  the  cervical  sympathetics,  of  the  cortical  surface,  and  of 
various  sensorj--  nerves  gives  in  animals  such  changes  in  brain 
volume  as  can  only  be  interpreted  by  the  a.=^umption  that  the  brain 
vessels  possess  Ixith  vasoconstrictor  and  vaso<li  later  nerve- fibers. 
Since  these  reactions  can  be  obtained  reflexly  after  destruction  of 
the  general  vasomotor  center  in  the  medulla,  he  is  forced  to  assume 
»  special  vasomotor  center  for  the  brain  lying  further  forward  than 
the  medulla,  a  conclusion  which  is  not  entirely  satisfactory. 
Pletbysinographic  observations  on  the  brain  during  sleep,  as 
reported  by  some  observers  (p.  269),  have  also  been  inter- 
preted as  indicating  the  presence  of  a  local  vasomotor  apparatiis. 
An  argument  of  a  iliiTerent  kind  in  favor  of  vascHnotor  fibers  has 
l>een  submitted  by  Wiggers.f  lu  experiments  made  upon  an  iso- 
lated brain  (in  the  skull)  perfused  witli  an  artifi<'ial  circulation,  he 
etates  that  addition  of  epinephrin  caused  a  diminution  in  the  auX- 
flow  from  the  organ,  thus  showing  that  the  epinephrin  had  caused  a 
constriction  somewhere  in  the  circuit.  If,  as  some  authors  believe, 
epinephrin  acts  only  on  plain  muscle  that  is  innervated  by  sympa- 
thetic ncr\'e-fibers,  this  result  funiislies  indirect  evidence  for  the  ex- 
istence of  such  fillers  in  the  case  of  the  brain  vessels.  Using  the 
same  method,  this  author  states  that  electrical  stimulation  applied 
directly  to  the  sheath  of  the  internal  carotid  at  its  entrance  into 
the  skull  also  causes  a  decrease  in  the  outflow,  a  fact  which  wouhl 
indicate  the  existence  of  constrictor  fibers  running  in  the  sheath 
of  this  artery.  On  the  whole,  it  will  be  seen  that  the  evidence  for 
the  existence  of  a  vasomotor  regulation  of  the  brain  circulation  is 
not  conclusive.  If  vasomotors  are  present  it  is  possible  that  they 
may  serve  to  control  the  distribution  of  blood  within  the  cerebral 
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*  Eyst^r,  Burrows,  and  Easick,  ''Journal  of  Exp.  Medicine,"  ii,  4H9,  If 
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area,  while  the  general  sup]>ly  to  the  brain  as  a  whole  is  increased  or 
decreased  by  a  mechanism  of  another  sort  described  by  Roy  and 
Sherrington.  According  to  these  authors  the  blood-flow  through 
the  brain  is  controlled  indirectly  by  vasomotor  effects  upon  the  re^^t 
of  the  body.  When,  for  exain]>le,  a  vasocoustrictiun  occurs 
in  the  skin  or  the  splanchnic  area  the  result  is  a  rise  of  pressure 
in  the  aorta,  and,  therefore,  a  rise  of  pressure  in  the  circle  of  WiUis, 
which  then  forces  more  blood  through  the  brain.  Adopting  this 
view,  we  can  understand  the  teleology  of  certain  well-known  vaso- 
motor reflexes.  Stimulation  of  the  skin  generally  causes  a  reflex 
constriction  and  rise  of  pressure,  and  one  can  well  imderstand  that 
this  result  is  valuable  if  it  means  a  greater  flow  of  blood  through 
the  brain,  since  under  the  conditions  of  nature  such  stimulation, 
especially  when  painful,  demands  alertness  and  increased  acti\ity 
on  the  part  of  the  unijnaL  Attention  Fias  also  been  called  to  the 
fact  that  in  plethysmographic  obser\'ations  on  man  the  most 
certain  and  cxteasive  constrictions  of  the  skin  vessels  are  those 
caused  by  increased  mental  activity,  esspecially  when  it  takes 
the  fonn  of  emotional  extntement.  Mosso  h»is  shown  by  obser\'a- 
tions  upon  men  with  trephine  holes  in  the  skull  that  the  constriction 
of  the  limbs  is  always  acrompanied  l)y  a  dilatatiitn  of  the  brain. 
This  fact,  therefore,  fits  exactly  the  view  that  is  Ixnng  considered. 
The  peripheral  constriction,  by  raising  general  l>lood-pressure,  di- 
lates the  brain  more  or  less,  and,  what  is  more  initwrtant,  drives 
more  blood  thnjugh  it.  It  is  difficult  to  understaiMl  why  psychical 
activity  is  associate*!  in  this  way  with  a  peripheral  constriction, 
and  usually  an  increased  heart-rate,  unless  the  object  of  tiie  reflex 
is  to  increase  the  blood-stjpply  to  tlie  brain.  Even  if  vasomotor 
filK^rs  are  suhsec|uently  shown  to  Ik*  present  in  the  brain,  the  im- 
portunre  of  this  reflex  in  providing  a  greater  flow  to  the  central 
organ  at  the  time  that  it  is  in  activity  may  still  be  admitted.  A 
general  irrigation,  so  to  sjx^ak,  is  provided  for  by  this  means, 
liocal  vasomotors  may  be  used  to  divert  this  flow  mainly  through 
one  or  another  ('erei)ral  area. 

Vasomotor  Nerves  of  the  Head  Region. — The  vasomotor 
Bupply  of  the  various  parts  of  the  head,  including  the  mouth  cavity, 
haa  been  investigated  by  many  observers.  It  would  appear  from 
the  results  of  most  of  these  investigations  that  the  vasoconstrictor 
supply  for  the  skin,  including  the  ears,  the  eye,  the  mouth,  and 
buccal  glands,  is  derived  mainly,  if  not  entirely,  from  the  sympa- 
thetic nervous  system.  These  fibers  arise  from  the  spinal  cord  in  the 
upper  thoracic  nerves,  first  to  the  fifth  or  sixth,  emei^  by  the  rami 
conmiimicantes  to  the  sympathetic  chjiin,  in  which  they  pass  upward 
and  end,  for  the  most  part,  in  the  superior  cervical  ganglion.  From 
this  ganglion  they  are  distributed,  by  various  routes,  as  postgan- 
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glionic  fibers.  In  one  iutere^ting  instance  the  constrictor  filx^ra 
for  tiic  licad  were  supposed  to  take  a  somewhat  different  rour^. 
It  was  shown  by  SchLff,  long  ago,  that  in  the  rabbit  the  ear  receives 
va-somotor  libera  from  tlie  aunt-ularis  magnu.s  nerve,  n  branch  of  the 
third  cervk-ul  nerve.  Later  investigations  indicate  (Meltzer)  that 
the  ear,  in  fact,  receives  most  of  its  vasoconstrictor  fillers  by  this 
route.  Fletcher,  however,  has  shown  that  the^e  fibers  do  not  emerge 
from  the  brain  in  tlie  roots  of  the  third  cervical,  but  rather  in  the 
general  outflow  from  the  thoracic  region.  After  reaching  the  sym- 
pathetic chain  tliese  particular  fibers  pass  to  the  thii'd  cervical  by 
the  gray  rami  from  the  first  thoracic  ganglion,  which  communicate 
with  a  numlier  of  the  cervical  nerves.  On  the  other  hand,  the 
vasodilator  fibers  for  the  head  arc  supplied  in  part  l)y  way  of  the 
cervical  sympathetic,  following  the  same  general  path  as  the  con- 
strictoi'S.  and  in  part  by  way  of  the  cranial  nerves  (seventh,  ninth) 
and  the  sympathetic  ganglia  with  which  they  connect.  According 
to  Langley,  the  outflow  of  the  seventh  nerve  piisses  to  the  spheno- 
palatine ganglion,  whence  as  postganglionic  filjers  they  accompany 
the  branches  of  the  superior  maxillary*  ner\'e  and  cause  vasodila- 
tation in  the  membrane  of  the  nose,  soft  palate,  tonsils,  uvula,  roof 
of  mouth,  upper  lips,  gums,  and  phar>'nx.  The  well-known  diUtors 
of  the  submaxillary  and  sublingual  glands  are  contained  in  the 
chorda  tympani  branch  of  the  seventh  nerve;  the  preganglionic 
fibers  terminate  probably  in  the  small  peripheral  ganglia  connected 
with  these  glands.  The  hbei's  that  emerge  in  the  nintli  puss  in 
part  directly'  to  the  tongue  and  in  part  terminate  first  in  the  otic 
ganglion,  whence  they  ait?  distrdjuted  with  the  branches  of  the 
inferior  maxillary  to  the  lower  lips,  cheeks,  gxmis,  and  parotid  and 
orbital  glands.  Dastre  and  Morat  descrilje  the  vasodilatoi*s  in  the 
cervical  sympathetic  as  reaching  the  fifth  cranial  nerve  b}^  com- 
municating branches  from  the  superior  cerN-ical  ganglion  and  state 
that  they  cause  dilatation  of  the  bucco-facLal  region, — that  Is, 
the  lips,  the  gums,  cheeks,  palate,  nasal  mucous  membrane,  and 
the  corresponding  skin  areas. 

The  Trunk  and  the  Limbs. — The  vasoconstrictor  fibers  for 
these  regions  are  distributed,  so  far  as  is  known,  chiefly  to  the  skin. 
They  are  all  derived  immediately  from  the  sympathetic  chain  and 
ultimately  from  the  outflow  in  the  anterior  roots  of  the  thoracic 
and  lumbar  spinal  nerves.  Those  for  the  upper  limbs  arise  from 
the  midthoracic  region  chiefly  (fourth  to  ninth  thoracic  nerves), 
those  for  the  lower  limbs  arise  in  the  nerves  of  the  lower  thoracic 
and  upper  lumbar  region  (eleventh,  twelfth,  thirteenth  thoracic 
[dog]  anfl  first  and  second  lumbar).  The  vasodilator  fibers  in  the 
nerves  of  the  limbs  have  been  demonstrated  frequently,  as  already 
explained.     Whether  or  not  these  fil)ers  also  pass  through  the 
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sympathcti*:  ssystem,  following  th*^  same  gpixi^ra!  rourse  as  the 
vatjo  constrictors,  ha-s  not  hoen  shown  conelusively.  The  most 
definite  work  at  present  (Bayliss)  indicates  that  the  vasodilator 
effect  is  directly  caused  in  some  unknown  way  by  afferent  fibers 
in  the  nerves  forming  the  brachial  and  the  sciatic  plexus.  The 
theoretical  explanations  offeretl  for  this  result  have  been  referred 
to  (p.  i^m. 

The  Abdominal  Organs. — ^The  stomach  and  intestines  receive 
their  most  important  supply  of  vasoconstrictor  fibers  by  way  of  the 
splanchnic  nerves  and  celiac  ganglion.  These  fibers  emerge  from 
the  cord  in  the  lower  thoracic  spinal  nerves,  from  the  fifth  down, 
and  the  upper  lumbar  nerves,  and  they  supply  the  whole  mesenteric 
circulation  an  far  as  the  descending  colon.  The  stomach  and  in- 
testines are  said  to  receive  vasoconstrictor  fibers  from  the  vagus 
nerve  also  (Lohniami).  According  to  some  observers  (Fran^ois- 
Franck  and  HaJlion),  the  mesenteric  vessels  receive  a  supply  of 
vasodilator  fibers  by  way  of  the  splanchnics,  and  it  is  also  stated 
that  similar  fibers  reach  this  region  through  the  vagus  nerve. 
The  pancreas  has  been  shown  to  receive  vasoconstrictor  fibers  by 
way  of  the  splanclmics,  anrl  the  kidney,  according  to  Bradford, 
receives  vasodilator  as  well  as  vasoconstrict-or  fibers  from  the  same 
ner\'e.  Most  of  the  va-soinotor  fibers  to  the  kiilney  of  the  dog 
emerge  from  the  cord  in  the  roots  of  the  eleventh,  twelfth,  and 
thirteentli  thoracic  nerves,  and  those  for  the  liver  (Fran^ois- 
Franek  and  Flallion)  come  from  about  the  same  region.  The 
vasoconstrictors  to  the  spleen  are  said  to  leave  the  spinal  cord 
chiefly  in  the  anterior  roots  of  the  sixth,  seventh,  and  eighth 
thoracic  nerves. 

The  Genital  Organs.— Both  vasoconstrictor  and  vasodilator 
fibers  have  been  discovered  for  the  external  genital  organs  (penis, 
acrotum.  clitoris,  vulva).  The  vasoconstrictors  arise  in  the  dog 
from  the  thirteenth  thomcic  to  the  fourth  lumbar  nerves,  pass  over 
to  the  sympathetic  (rliaiu,  and  thence  n\T.ch  the  organs  either  by 
way  of  the  h>*i)ogastric  nen'e  and  i>elvic  plexus  or  by  way  of  the 
sacral  sympathetic  ganglia  and  their  branches  to  the  pudic  ner\'e8. 
The  vasodilator  fil>er3  arise  from  the  sacral  spinal  nerve,  being  the 
beet  known  of  the  sacral  autonomic  s>'Btem.  They  enter  the  ner- 
vuti  erigens  and  thence  reach  the  organs  by  way  of  the  jx^hic 
plexus.  The  especial  importance  of  these  fibers  in  the  process  of 
erection  is  described  in  the  section  on  the  physiology'  of  the  repro- 
ductive organs.  The  internal  genital  organs — uterus,  vagina, 
vas  deferens,  seminal  vesicles,  etc. — receive  no  vasomot<»r  fibere 
from  the  sacral  autonomic  system, — that  is,  from  the  nervi  erigent«s 
— but  do  receive  a  supply  of  constrictor  fibers  from  the  sympathetic 
system.    These  latter  fi\^TS  emerge  from  the  cord  in  the  roots  of 
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the  upper  lumbar  nerves  and  reach  the  organs  by  way  of  the  in- 
ferior mesenteric  ganglion  and  hypogastric  nen'C* 

Vasomotor  Supply  of  the  Skeletal  Muscles. — Gaskellf  es- 
pecially has  given  e\idence  of  the  existence  of  vasomotor  fil>ers  in 
the  muscles-  He  concludes,  as  the  result  of  his  work,  that  the  blood- 
vessels of  the  muscles  receive  both  vasoconstrictor  and  vasodilator 
fibers,  hut  that  the  latter  greatly  predominate, — at  least,  their 
physiological  effect  la  much  more  evident  in  experimental  work. 
As  proof  of  the  presence  of  dilator  fibers  he  p;ives  such  results  as 
these:  The  mylohyoitl  muscle  of  the  frog  is  thin  enough  to  be 
observed  directly  under  the  microscope.  When  curarized  and 
stimulated  through  its  motor  nerve  the  small  vessels  may  be  seen 
to  dilate  antl  there  is  an  augmented  flow  of  liiood.  In  a  dog  section 
of  the  motor  ner\"e  to  a  muscle  is  followed  by  a  greatly  increased 
flow  of  blood,  which,  however,  is  only  temporar}-  and  is  referable  to 
a  mechanical  stimulation  of  the  dilator  fibers.  Direct  stimulation 
of  the  sevoreil  nerve  causes  an  increased  flow-  of  blood  through  the 
muscles,  but  if  the  muscles  are  first  completely  cunirizetl  stinmlation 
causes,  on  the  contrar>%  a  decreiised  flow\  This  last  result  is  ex- 
plained on  the  supp<isition  that  curare  paralyzes  the  endings  of  the 
dilat<jr  fibers  an<l  tfius  allows  the  effects  of  the  constrictors  to  mani- 
fest themselves.  Since,  however,  Bayliri^  ha:^  given  evidence  to 
show  {p,  619)  that  the  dilator  effect  in  the  limbs  is  due  to  the  anti- 
dromic action  of  afferent  fillers,  it  is  evident  that  this  important 
question  needs  reinvestigation.  \*urious  physiologists  have  shown 
that  muscular  activity  is  accompanied  by  an  increase  in  the  blood- 
flow  through  the  muscle,  as  we  tjhould  expect,  but  it  remains  uncer- 
tain whether  this  result  is  brought  alx)ut  solely  by  an  increased 
activity  of  the  heart  or  by  the  combinetl  effect  of  vasodilatation  and 
increase  in  heart-work.  KaufmannJ  takes  this  latter  view  in  con- 
sefiuenre  of  fome  interesting  results  obtained  upon  hoi*ses.  He 
measured  the  blood-flow  through  the  musseter  muscle  and  the 
elevator  of  the  lip  in  a  horse  in  which  the  muscles  were  exercised 
normally  by  the  act  of  eating.  The  blood-flow  was  increased  as 
much  as  five  times  over  that  observeil  during  rest,  and  that  this 
increase  was  due  in  part  at  least  to  a  local  dilatation  seems  to  be 
proved  by  the  fact  that  the  blood-pressure  in  the  arten'  suppljnng 
the  muscle  fell,  while  that  in  the  vein  rose.  While,  therefore,  our 
experimental  knowledge  of  the  vasomotors  of  the  muscles  needs 
further  investigation,  we  may  provisionally  accept  the  view  ad- 
vocated by  Ciruskell, — namely,  that  the  vasomotor  supply  to  the 

•  For  the  bihltngrafjhy  of  th<*  viiaoinntor  supply  to  the  various  organs  see 
Lansley,  " Kr>?ebi)iHtM'  dor  Phyniologie,"  vol.  ii.,  part  ii.,  p.  820,  1903. 

f  r.it!*kell,    'Jouriial  of  Physiology. "  K  202,  1878-79. 

}  Kaufmanu,  "Archives  de  physiologie  normale  et  pathologique,"  1892, 
pp.  279  aod  495. 
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muscles  consists  essentially  of  dilator  fibers  and  that  these  fibers 
are  brought  into  action  reflexly  whenever  the  muscles  contract, 
thus  providing  an  increased  blood-flow  in  proportion  to  the  func- 
tional activity.  It  should  !k?  added  that  the  local  dilatation  in 
the  muscles  during  activity  may  be  due  alsj^o  to  the  chemiciil  action 
of  I  he  (acid)  metaholic  products  on  the  blood-vessels  (p.  t320). 

The  Vasomotor  Nerves  to  the  Veins. — It  is  assumed  in  physi- 
ology that  the  vasoconstrictor?  and  vasodilators  end  in  the  muscula- 
ture of  the  small  arteries.  The  veins  also  have  a  muscular  <'oat, 
and  it  is  possiljle  that  if  this  mvisculature  were  innervated  from 
the  central  nervous  sysitem  we  should  have  another  eflicieni  factor 
in  controlling  the  blood-flow.  Mall  has  given  ver>'  clear  prcKDf  that 
the  portal  vein  receives  vasoconstrictor  fibers  from  the  splanchnic 
nerve,*  but  this  supply  may  be  exceptional,  as  the  portal  system 
it^f  is  unique.  The  pi:jrtal  vein,  indeed,  plays  the  role  physioKjjr- 
ically  of  an  artery'  in  regard  io  the  liver.  Hoy  and  Sherrington t 
give  some  evidence  for  the  existence  of  venomotor  nerves  to  the 
largo  veins  of  the  neck,  and  Thompson,  as  also  Bancroft^  rt^ports 
ex|M*riments  in  which  it  was  found  that  stimulation  of  the  sciatic 
nerve  caused  a  visible  constriction  of  the  superficial  veins  of  the 
hind  limbs.  Finally,  it  has  been  shown  that  solutions  of  epinephrin 
cause  contraction  in  rings  of  vein  as  they  do  in  art<*rial  strips. 
On  the  accepted  explanation  of  the  way  in  which  epinephrin  acts 
this  fact  implies  that  the  muscle  in  the  veins  is  supplied  by  sj-mpa- 
thetic  autonomic  nerve-fibt^rs.  If  such  a  system  exists  it  must 
exert  an  important  influence  upon  the  supply  of  blood  to  the 
heart.  § 

THE  CIRCULATION  OF  THE  LYMPH. 

The  direction  of  flow  of  the  tyiiiph  is  from  tlic  tissues  toward  the  lane 
lymphatic  trnnks,  the  thoracic  an<i  the  right  lymphatic  duct.  The  flow  » 
mnintained  in  t  his  tlir(K*tion  mainly  by  n  tlilTer^nce  in  pn'ssure  at  the  two  ends. 
At  lilt'  i^ivnin^j  of  the  lar^fe  trunks  into  the  juj^ular  veins  the  pressure  i.s  vary 
low:  in  the  veni,  in  hn-i,  it  may  l>e  zoro  or  even  m-gative  a.s  compare*.!  with 
the  ulmospheric  pressure.  Tno  oix^-ning  Ix'twcen  the  H'mph  veritiel  and 
the  vein  i«  protecU-tl  by  a  valve  wliich  ojM-ns  tuwanl  the  vem,  and  the  lymph, 
therrfore,  will  flow  into  the  vein  as  long  as  the  pressure  in  the  lattor  U  lower 
thiin  (hftt  in  the  lymphatic  duct.  At  the  other  extn'mity  of  the  syelem, 
iu  the  tissue  hpiiceH  to  which  the  lymphatic  capillaries  ore  distributed,  the 
pressure,  on  the  contrary,  is  IukIi.  IIj*  exact  amount  is  not  known, 
out,  since  the  prcKtiure  in  tlie  bjood  capillarie*!  \n  equal  to  -lO-fiO  mnw.  Hg, 
the  prcKNure  in  the  liquid  of  the  wurroundinp  tissues  must  also  be  consider- 
able. The  tissues  are,  in  fact,  in  a  condition  of  turjridity  owing  tt>  the 
prefwurc  of  the  lymph  in  the  tisHue-8j>ace«.  This  difference  in  preiwure 
at  the  two  ends  of  the  lymphatic  system  is  the  main  coasfaut  factor  in  mov- 
uig  the  lynmh.  It  i?  obvious  that  m  the  long  run  it  is  rlepeiident  upon  the 
pressure  within  th<'  bloo«l-v easels  ami  therefore  u[>on  the  force  of  the  heart 

•  Mail,  '"Archiv  f.  Physiologic,"  p.  4tK>.  ISy2. 

t  Roy  and  Sherrington.  'Mournal  of  Physiolog>-."  II.  So.  1890. 

j  Bancroft,  "American  Journal  of  Fhysiologj',  '  1.  477.  1898. 

J  See  Henderson,  *'American  .lournnl  of  Ph>'Hiology/*  23,  ^5,  1909. 
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rDDtractioo-s  of  the  hewrt  supply  the  energy,  not  only  for  the  move- 
blood,  but  also  for  the  much  slower  iiioveniiejit  of  the  lynjph.     The 
of  the  lymph  is  aided,  however,  by  many  :»*  resson'  factors.     In 
Hme  AQiznaia  there  are  genuine  lymph  hearts  upon  the  course  of  the  vesijels, — 
Ikftt  U,  pulsatile  exnaiujions  of  the  lymph  ves-^eN  whose  force  of  lieat,  con- 
troQed  by  valves,  ij*  airectly  applied  to  moving  the  lymph.     No  such  structures 
4se  found  in  the  mammalia,  but  according  to  some  olisen'ers  the  large  re- 
KpiMcie  at  the  beginning  of    the  thoracic   ^luct,  rec*e(4aculum   chyli  may 
nderfo  contractions,   and    v^,  Ixssides,   under  the    influence  of    motor  and 
Bhiliitory  ner\'e».     Such  movements,  if  they  wear,  must  l>e  equi'\aJent  to  the 
irtiofi  of  a  hinph    heart  in   their   inHuence  upon  the  !low  of  lyin[)h.     The 
4ow  of   lymph  or  chyle  in  the  intestinal  areii.  i^  nls)»,  without  doubt,  greatly 
MBSteil  by  the  periMaltic  and  esjieciftily  hy  (he  rhytitmic  conlractinns  of  the 
flNMculatore  of  the  inti»stinpfl,   antj   by  the  independent   rnovcmenls  of  the 
fiUj,    The  vohime  of  the  lymph  in   thiH  rffiion   is  ospc'ciallv   large  and  the 
lymph  capniariea>  and   vciuh  nrc  providfil   with   valvi-s.     Klivthmirul   C4m- 
tfictiona  of  the  mu.seulnture  of  the  intestine  muHt  tMiuw^ze  the  "lymph  toward 
tk*  thoracic  duct,  acting  like  a  hwal  fiump  to  aec<'lcral"'  the  flow  of  lymph. 
AamiiAr  influence  w  exiTt«*<l  by  the  contnichons  of  the  nkolptal  inu-^cles.    The 
iOttpraBiou  excrtc<i  by  thp  Khortenctl  fibrrs  squfH'zi'it  the  lymph  vc-si*cls  an<i. 
'olkaeoount  of  the  valves  prt^sont.  forcoa  th<'  lyn\ph  onward  toward  the  larger 
dnetA.    The  flow  of  lymph  from  the  re^^ting  muscley  — the  urms  iind  logs,  for 
hmUdcp — is  normally  small  in  quuntily,  hut  during  musrtdar  exercise  and 
DMasp  it  U  obvioui*ly  increased.    This  increase  may  be  obscrv<'d  in  experi- 
bmdUu  work  by  placing  a  cannula  in  the  ihoraeic  duct.     Active  or  passive 
'  aovtment^  of  the  limbs  under  these  conditions  will  cau-se  a  noticeable  incn*ase 
■  b  th*  outflow  from  the  iluet.     Still  another  fjictor  which  exercises  an  in- 
fti»^re  uiK>n  the  flow  of  (he  lymph  is  fuund  in  the  n-spiratorv  niovemenU  of 
tlir  thorax.     At  each   iuHjuratictn   the  pre.sMirr   within   the  tliorux   is  dimin- 
gjfccd  tincreaiiie  of  negative  pressnref.  and   tfiis  factor  infUicnces  the  lymph 
Mw>D  several  wayn:    By  increa^'ing  thi*  flow  of  blofMl  through  the  hirge  vems 
Fin  Ihr  rdge  of  the  thorax,  jugidars,  and  subclavijins,  il   doubt Icks  EL-;pirates 
lyniph  from  the  thoracic  and  right  iymphatic  ducts  into  these  veins.     More- 
over, by  lowering  the  pressure  upon  the  iutrathorncic  [>ortion  of  the  thoracic 
duct  it  also  a>pirjite«  the  lymph  from  the  abdominal  portion  ;«f  this  ves-sel. 
When  we  place  a  cannula  in  the  thoracic  duct  and  measure  the  outflow 
lly  it    is  foimd   to  (m*  excei-dingly  sloiv  iOiit   varirxhle      t  )kler  measure- 
tWciK*)  indicute  thai  it  hxs  a  velocity  in  the  diK-t  in  the  neck  of  about 
■WUM   per  spc-ond,  but   this  velocity  changes  natuniUy  with  the  conditions 
influonring  the  prtKluction  of  lympli  in  the  (is-Kiicn,     Aflir  meals,  diiririg  the 
period  of  ab^<iri>tion  from  the  alimentary  canal,  the  flow  is  much  more  nbun- 
)daatthan  in  the  fa^fting  aniriud.    Hi'ideniiain  estimates  that  for  a  dog  weighing 
lOkpnu.  the  total  outflow  from  the  thoracicdnct  in  twetity-itiur  hours  is  cfiual 
to  540  c.c.     Munk  and   Hos<»nstein,   fmm  olx<*TVations  upon   a  etLse  with   a 
•yiiph  ti^tiila,  estimated  that  in  man  the  flow  may  be  e(]ual  to  50  to  1()0  or  120 
*<^-  T»er  hour. 


SECTION  VI. 
PHYSIOLOGY  OF  RESPIRATION. 

Historical. — The  tenn  respiration  as  usually  employed  in 
physiology  refers  to  the  process  of  gaseous  exchange  between  an 
organism  and  its  environment.  This  exchange  consists  essentially 
in  the  absorption  of  oxygen  by  the  living  matter  and  the  elimination 
of  carbon  dioxid.  It  is  one  of  the  generalizations  of  phyaioIog\'  that 
all  living  things,  with  the  exception  j>crhftps  of  the  anaerobic 
or^!;anistii.s,  require  oxygen  fur  their  vital  processes — that  is,  ff»r 
the  nurnijil  course  of  those  chcniica!  changes  in  the  tissue  cells 
which  we  group  under  the  g(*iieral  tenn  of  metabolism.  (.)n  the 
other  hand,  one  of  the  universiii  end-fwoducts  of  this  nietalx>hsm 
is  carbon  dioxid.  Hence,  respiration  in  some  ft)rm  is  one 
great  characteristic  of  living  things.  In  the  simplest  animals 
and  plants,  the  unicellular  organisms,  the  exchange  between 
tlie  air  (or  water)  and  the  organism  takes  place  directly,  but 
in  the  more  complex  animals  some  form  of  respiratory  appara- 
tus is  developed  whose  function  consists  either  in  bringing 
the  air  or  oxygen-laden  water  to  the  constituent  cells,  as  in  the  air 
tubes  of  the  insects,  or  in  bringing  the  circulating  blrwd  into  contact 
with  the  air  or  water,  as  in  the  case  of  animals  provided  with  lungs 
or  gills.  In  man  and  the  air-breathing  vertebrates  the  latter  device 
is  employed  and  one  may  distinguish  in  such  animals  between 
intiTual  and  external  respiration,  IJy  the  latter  term  is  meant  the 
gaseous  exchange,  absoqjtion  of  oxygen  and  elimination  of  caHx)n 
dioxid,  that  takes  place  in  the  lungs  between  the  b]oo<l  in  the  pul- 
monary capillaries  and  the  air  in  the  alveoli.  By  internal  respira- 
tion is  meant  the  similar  exchange  that  takes  place  in  the  systemic 
capillaries  between  the  blood  ami  the  tissue  elements.  All  of  this 
exchange  is,  so  to  speak,  secondary,  since  the  essential  process 
consists  in  the  history  of  the  oxygen  after  it  is  absorljed  into  the 
tissues, — that  is,  the  p>art-  taken  by  the  oxygen  in  the  metabolism  of 
living  matter.  This  process,  however,  is  a  jmrt  of  the  subject  of 
nutrition.  The  food  absorljeii  from  the  digestive  organs  and  the 
oxygen  taken  from  the  hlood  have  a  common  history,  or  at  least 
their  reactions  are  indtssolubly  connected  after  they  come  within 
the  field  of  influence  of  the  living  molecules.  This  side  of  the  func- 
tion of  the  oxygen  may  Ik?  considered,  therpfore.  fnore  appropriately 
in  the  section  on  nutrition.  In  the  present  section  attention  will  be 
directed  to  the  beautiful  means  that  have  been  adapted  to  the  pur- 
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pose  of  Kupplying  the  tissues  with  oxygen  and  of  removing  the 
carbon  dicjxici. 

The  true  understanding  of  the  object  of  the  act  of  respiration  we 
owe  to  Lavoisier,  the  discoverer  of  oxygen.  In  his  paper  published 
in  1777,  entitled  "Experiments  on  the  Respiration  of  Animals  and 
on  the  Changes  which  the  Air  Undergoes  in  Passing  through  the 
Lungs/'  he  laid  the  foundations  of  our  present  knowledge,  and 
in  subsequent  work  he  developed  a  conception  of  the  nature  of 
physiological  oxidations  which  has  dominated  the  physiological 
theories  of  nutrition  up  to  the  present  time,  'llic  disroven'  of  the 
physiological  meaning  of  respiration  and  the  fimetion  of  the  lungs 
constitutes  the  jnost  interesting  part  of  the  history  of  physio]og\\ 
All  the  great  physiologists  of  past  ages  contributed  their  part  to 
the  stor}'-,  and  as  we  look  back  we  can  count  iUstinctly  the  different 
steps  made  toward  the  truth  as  we  understand  it  today.  The 
history  of  this  subject  is  not  only  most  instructive  in  demonstrating 
the  triumphant  although  slow  progress  of  scientific  investigation, 
but  it  illustrates  well  also  the  intimate  interrelations  of  physiology 
witii  the  siati^r  sciences  of  cheniistr^'  antl  physics  and  the  gre^t  value 
of  the  experimental  method.  The  theory  of  respiration  held  in  each 
century  was  formulated  to  explain,  as  far  as  possible,  the  facts  that 
were  known,  and  lis  we  look  back  from  our  vantage  point  it  is  most 
impressive  to  realize  how  well-known  phenomena,  imperfectly 
understood,  were  apjmrently  explained  by  theories  which  we  now 
know  to  be  incorrect.  Without  doubt,  many  of  the  explanations 
accepted  to-day  will  in  later  times  be  found  to  rest  upon  a  similar 
incomplete  knowledge.  Each  generation  must  do  the  best  it  can 
with  the  knowledge  of  its  times. 

The  history  of  respiration,  the  successive  steps  in  its  progress  may 
be  siunmarized  in  a  few  words.  Aristotle  thought  that  the  main 
function  of  i*e5piration  is  to  rogidate  the  heat  of  the  body^  which  was 
supposed  to  be  j^roduced  in  the  heart;  hence  the  increfised  respira- 
tions after  muscular  exercise  wlien  the  body-heat  is  uicrcased.  At 
the  same  time  he  lielieved,  with  the  philosophers  of  his  times,  that 
the  IkxIv  receives  something  from  the  air  that  is  necessar>'  to  life,  a 
subtle  something  that  he  designated  i\s  the  '^  pneuma."  Praxagoras 
taught  that  blood  is  contained  only  in  the  veins,  and  that  the  ar- 
teries are  filled  with  a  gaseous  suljstimce,  the  "pneuma"  derived 
from  the  air,  an  unfortunate  error  that  prevailed  in  medicine  for 
several  centuries.  The  two  celel>rated  anatomists  and  physiologists 
of  the  Aiexanririan  school,  Herophilus  and  ErasLstratus,  distin- 
guislie<l  two  kinds  of  pneuma,  the  -vital  spirits,  which  are  made  or 
extracted  from  the  air  in  the  lungs  and  whose  production  consti- 
tutes the  chief  function  of  respiration,  and  the  animal  spirits,  elabo- 
rated in  the  brain  from  the  vital  spirits  and  responsible  for  the 
functions  of  motion  and  sensation.  Galen  (131  A.  D.)  demonstrated 
41 


642 


PHYSIOLOGY    or    RESPIRATION, 


that  the  arteries  as  well  as  the  veins  eontain  blood,  but  still  believed 
that  the  chief  function  of  the  respiratory  movements  is  to  furnish 
pneuma  or  vital  spirits  to  the  heart.  This  great  physiologist  noticed 
also  that  the  air  is  necessarv  for  combuation  as  it  is  for  life,  and 
stated  his  belief  that  the  explanation  of  one  of  these  acts  would 
be  also  an  explanation  of  the  other.  This  thought  seems  to  have 
been  accepted  by  all  the  physiologists  of  subsequent  tiiues,  but  it 
required  over  sixteen  hundred  years  of  investigation  before  a  satts- 
factor>'  solution  was  reached.  Galen  recognized,  moreover,  that 
not  only  does  the  hlood  take  sometiiing  of  essential  importance  from 
the  air, — namely,  vital  spirits, — but  it  also  gives  off  something  to  the 
air  that  is  injurious  to  the  body,  a  something  which  he  compared  to 
the  smoke  of  combustion  and  designated  as  the  "fuliginous  vapor. " 
If  we  substitute  oxygen  for  vital  spirits  and  carbon  dioxid  for 
fuliginous  vajimr  we  reahze  that  the  essential  problem  of  respiration 
was  already  clearly  fonnulated,  but  could  not  make  further  advance 
until  chemical  knowledge  was  more  fully  developed.  Such  is  the 
case  with  some  of  our  physiological  problems  today.  Galen  also 
explained  satisfactorily  the  res[>iratorv  movements,  the  action  of  the 
muscles  of  inspiration  and  expiration,  thus  destroying  the  older 
erroneous  theories  that  the  expansion  and  contraction  of  the  lungs 
are  due  to  processes  of  Jieating  and  cooling, 

Galen's  physiology  held  undisputed  sway  until  the  seventeenth 
century.  At  that  time  there  anise  a  school  of  physiologists,  the 
iatromechanists,  who  proposed  to  explain  all  vital  phenomena  upon 
known  mechanical  principles^ — the  laws  of  physics  and  chemistr>'. 
For  the  mystical  view  of  yiUi\  spirits  they  proposed  to  substitute  a 
more  rational  and  concrete  theor>'.  The  blood  in  the  lungs  becomes 
red  simply  l>ecause  it  is  minutely  subdivided  and  shaken,  just  as  a 
tube  of  blood  l>ecomes  red  when  violently  agitated.  Thus  an  effort 
to  he  more  scientific,  to  use  the  exact  knowledge  of  physics,  led  to 
the  adoption  of  views  which  we  now  know  were  far  more  erroneous 
than  the  ancient  and  intrinsically  correct  conception  that  the  blood 
receives  something  from  the  air  in  the  lungs. 

In  the  seventeenth  century,  however,  began  those  discoveries 
in  chemistr>^  ami  physiology  which  eventually  led  to  our  present 
knowledge.  Van  Helmont  ( 1 577-1644)  discovered  that  in  the 
burning  of  charcoal,  the  fermentation  of  wine,  and  the  action  of 
vinegar  on  chalk  a  special  gas  is  produced  which  he  called  gas 
syivestre  and  which  we  call  carbon  dioxid.  Robert  Boyle  (1627- 
1691)  puljlishc<l  a  most  interesting  series  of  exj>eriments  made  with 
the  aiil  of  the  recently  discoverc<l  air-punij^  which  demonstrated  the 
correctness  of  the  view  held  by  tJalen  that  the  air  contains  some- 
thing necessary  for  life  and  for  combustion.  He  showed,  moreover, 
that  air  that  had  been  repeatedly  inspired  was  no  longer  capable 
of   maintaining    life.     Robert    llooke    fl6.*35-1703)    introduced    a 
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method  of  artificial  respiration  by  means  of  a  l>el!ows,  and  demon- 
stral^d  by  sending  a  continuous  stream  of  air  through  the  lungs 
that  the  respirator^'  movements  of  these  organs  are  in  themselves, 
as  a  mechanical  pixicess,  in  no  wise  an  essential  feature  of  respiration. 
John  Mayow  in  16SS-1674  discovered  that  air  is  not  a  simple  ele- 
ment, but  contains  a  definite  substance  necessary  to  life  and  to 
combustion.  He  designated  this  substance  as  the  nitro-aerian 
vapc»r  or  nitrous  particles,  because  he  believed  that  the  same 
substance  is  present  in  condensed  form,  as  it  were,  in  conunon  niter, 
Iiaving  found  that  combustion  is  possible  even  in  a  vacuum  in  the 
presence  of  niter. 

In  the  eighteenth  century,  as  is  shown  in  the  work  of  the  great 
physiologist,  Haller^  the  theories  f)f  respiration  were  in  many 
respects  in  a  most  unsatiafacton-  state.  The  new  facta  that  had 
been  discovered  made  the  old  \'iews  untenable,  but  w^re  not  in 
themselves  sufficient  to  explain  clejirly  what  actually  takes  place. 
Such  periods  of  uncertainty  and  dissatisfaction  are  frequent  enough 
in  the  history  of  science.  In  1757  Joseph  Black  rediscovered  carbon 
dioxid,  calling  it  fixed  air,  and  showed  that  it  is  present  in  expired 
air.  A  little  later  Priestly  discovered  and  isolated  ox^'gen  and 
nitrogen;  but.  under  the  influence  of  an  erroneous  view  of  combus- 
tion that  had  been  advanced  by  Stahl,  was  unable  to  give  his 
discoveries  a  clear  and  satisfactory'^  application.  The  final  step 
in  this  progress  was  made  by  the  wonderful  work  of  Lavoisier 
between  the  yeai's  1771  and  1780.  He  made  correct  analyses  of 
air  aat!  of  carlion  dioxid,  he  explained  romlnistion  as  an  oxidation 
with  the  formation  of  CO.,  and  R,0.  he  showed  that  in  i-espiration 
the  same  process  occurs,  and  that  the  b!ood  takes  oxygen  from 
the  air  ami  gives  back  to  it  in  expiration  the  carL>on  dioxid  and 
water  formed  by  rombustion  within  the  body.  He  gave  us  the 
essential  facts  in  the  modem  theories  of  respiration  and  physio- 
logical oxidations. 

After  Lavoisier  the  chief  positive  advances  that  have  been  made 
have  been  in  reference  to  the  condition  of  the  gases  in  the  blood. 
By  means  of  the  gas-jjump  Magnus  {lK'-i7)  obtained  these  gases 
quantitatively  and  thus  procuK^d  data  which,  as  Liehig  showed, 
demonstmte  that  the  ox>*gen  is  helil  in  the  blood,  not  in  simple 
solution,  but  in  some  form  of  cbemical  combination,  probably 
with  the  red  corpuscles.  Finally  it  was  shown  by  Stokes  and 
Hopi>e-Seyler  that  the  oxygen  is  held  in  definite  chemical  com- 
binuHon  with  the  hemodobin.  Tbe  nature  of  the  cr>ml>inatior*  of 
the  carbon  dioxid  in  tbe  blood  is  not  yet  entirely  understood,  while 
the  actual  nature  of  physiological  oxidations— that  is,  the  part 
taken  by  the  oxj'gen  in  the  chemical  reactions  of  living  matter — 
is  one  of  (he  great  problems  of  nutrition  winch  may  need  many  years 
for  solution. 


CHAPTER  XXXIV, 

THE  ORGANS  OF  EXTERNAL  RESPIRATION  AND  THE 
RESPIRATORY  MOVEMENTS. 

Anatomical  Considerations. — Some  of  the  anatomical  ar- 
rangements in  the  lungs  which  have  an  immctliatc  physiological 
interest  may  i»e  rerulled  hriefly.  The  stmrturep  of  the  tnichca  and 
bronclii  are  admirably  adapted  to  their  functions  as  air  tulles,  in  that 
the  walls  possess  flexibility  con^biued  with  rigidity.  The  lining  of 
ciliiitcd  epithelium  throughout  the  air  passages  is  of  importance, 
primaril>'  it  may  l>e  assumed,  in  removing  nuicus  and  foreign 
material  from  these  passages.  The  smaller  bronchi  jKjssess  a  dis- 
tinct muscular  layer,  and,  as  we  shall  see,  this  musculature  is  under 
the  control  of  a  special  set  of  nerv^e  fibers  through  whose  reflex 
activity  the  capacity  and  resistance  of  the  broufliial  system  may  b^ 
modified.  The  smallest  bronchioles  are  expanded  into  a  system  of 
membranous  air  cells,  and  in  the  walls  of  these  thin  sacs  the  capil- 
laries of  the  pulmonary  arter>'  are  distributetl.  The  great  efficiency 
of  this  apparatus  is  evident  when  one  recalls  that  every  one  of  the 
infinite  numKier  of  re<l  rorpu^icles  is  expi3sed  separately  to  the  air  of 
the  air  cells,  so  that  although  the  time  of  transit  Is  brief  the  entire 
amount  of  hemoglobin  is  nearly  completely  saturated  with  oxj'gea. 
Each  lung  is  enveloped  in  its  own  pleural  sac.  The  space  between 
the  [mrietal  and  the  visceml  layer  of  each  aac  is  the  so-called 
pleural  caAUty,  but  it  must  be  home  in  mind  that  under  all  normal 
conditions  this  cavity  is  only  potential, — that  is^  the  parietal  and 
visceral  layers  arc  everv'where  in  contact  with  each  other.  Under 
pathological  or  accidental  conditions  air  or  exudations  may  enter 
this  space  and  form  an  actual  cavity.  Along  the  mid-line  of  the 
body  and  around  the  roots  of  the  lungs  we  have  the  mediastinal 
sjjaces  lying  Ijctweea  the  pleuml  sacs  of  the  two  sides,  but  entirely 
filled  with  the  various  thoracic  viscera,  such  as  the  heart,  aorta  and 
its  branches,  pulmonan*  arter>'  and  veins,  vena?  cava?,  azygoe  vein, 
trachea,  es4>phagus,  thoracic  duct,  various  nen'es,  and  lymph 
glands.  All  these  organs,  therefore,  lie  outside  the  lungs.  A 
Bchenuitic  view  of  these  relations  is  represented  in  Fig.  263. 

The  Thorax  as  a  Closed  Cavity.  -The  thorax  is  a  cavity  entirely 
shut  off  fruni  tht-  uutside  and  from  the  abdominal  cavity.  In  this 
cavity  He  the  lungs  and  the  various  viscera  enumerated  above. 
The  lungs  tnay  be  considered  as  two  large,  membranous  sacs^  as 
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represented  in  Fig.  263,  the  interior  of  which  communicates  freely 
with  the  outside  air  through  the  trachea,  glottis,  etc.,  while  the 
outside  of  the  sacs  is  protected  from  atmospheric  pressure  by  the 
walls  of  the  chest.  It  is  to  be  remembered,  of  course,  that  the 
interior  surface  of  the  lungs  is  multiplied  greatly  by  the  subr 
division  into  alveoli.  It  is 
estimated  that  the  entire 
inner  surface  of  the  lungs 
amounts  to  as  much  aw  90 
square  meters,  over  one  hun- 
dred times  the  skin  surface 
of  the  body.  The  atmos- 
pheric pressure  on  the  interior 
surfaces  of  the  lungs  expands 
these  structures  under  normal 
conditions  until  they  fill  the 
entire  thoracic  cavity  not 
occupied  by  other  organs. 
However  the  size  of  the  chest 
cavity  varies,  that  of  the 
lungs  must  change  accord- 
ingly; so  that  at  all  times  the 
lungs  fully  fill  up  every  part 
of  the  cavity  not  otherwise 
occupied.  If  the  wall  of  the 
thorax  is  opened  at  any 
point  so  as  to  make  commu- 
nication with  the  outside  air,  or,  if  the  wall  of  the  lung  is  pierced 
so  that  the  air  can  communicate  with  the  pleural  cavity  from 
the  insitle,  then  at  once  the  lungs  shrink  in  size,  sinre  the  atmos- 
pheric pressure  is  then  equalized  on  the  outside  ami  the  inside 
of  the  sacs.  We  may  consider,  therefore,  that  the  thoracic  cavity 
is  much  larger  than  the  lungs,  and  that  the  latter  are  blown 
out  to  fill  this  cavity  by  the  atmospheric  pressure  on  the  inside. 
The  ICormal  Position  of  the  Thorax — Inspiration  and  Exptra- 
Hon. — During  life  the  size  of  the  thorax  is  continually  changing  with 
the  respinit-or\"  movements.  But  the  size  and  jiosition  taken  at  the 
end  of  a  normal  expiration  may  be  regarded  as  the  normal  position 
of  the  thorax:  that  is,  its  position  when  all  of  the  muscles  of  respira- 
tion are  at  rest,  and  substantially,  therefore,  the  position  of  the 
thorax  in  tlie  cadaver.  Starting  from  this  position,  any  enlarge- 
ment of  the  thorax  constitutes  an  active  mspiratioTif  the  result  of 
which  will  he  to  draw  more  air  into  the  lungs  ;  while  starting  from 
the  normal  position  any  diminution  in  the  size  of  the  thorax 
constitutes  an  active  expiration,  which  will  drive  some  air  out  of  the 
hings.     It  is  evident,  however,  that  after  iui  active  inspiration  the 


Fin.  26.1— Schema  to  indicate  the  i»- 
lalion>  uf  the  itanotal  and  visceral  Uyers  of 
the  pleural  such,  und  tho  pooition  of  tbe  me- 
diaAtmal  f*pa(«:  f,  the  puteiitiiU  pleural 
cmvjty  in  each  mc;  M,  rhe  mediaatinal 
apace:  R.L.  and  L.L.,  the  cavity  of  tbe 
right  and  tbe  left  Iuhk,  rwpectively;  T,  Uie 
trachea.  Tht  outtlooH  ol  the  pleura  on  each 
side  are  repmeiired  in  dotl«t]  Uimm. 
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thorax  may  return  j)assively  to  its  normal  position,  giving  what  ia 
known  as  a  passive  expiration, — that  is,  an  exfiiration  not  caused 
by  muscular  effort.  So  after  an  active  expiration  the  thorax  may 
return  passively  to  its  nonnal  i>oaition,  giving  a  passive  insjMration. 
Our  normal  respiratory  movements  consist  of  an  active  inspiration 
fo]l(»wuii  by  a  passive  expiration, 

MechaJiism  of  the  Inspiration. — The  chest  cavity  may  be 
enlarge*]  and  an  inspiration,  therefore,  be  produced  by  two  methods, 
— namely,  by  a  contraction  of  the  diaphragm  and  by  an  elevation 
of  the  ribs. 

Contraction  of  tfie  Diaphragm, — From  the  anatomy  of  the 
diaphragm  it  is  evident  that  its  fixed  attachment  is  found  in  its 
muscular  coimectioiis  \\ith  the  lumbar  vertebnt*,  the  rilxs,  and  the 
ensiform  cartilage.  From  these  attaclinients  the  muscular  sheet 
extends  anteriorly  along  the  walls  of  the  thorax  and  then  bends  over 
to  form  the  arch  which  ends  in  the  central  t^endon.  This  latter 
structure  is  not  entirely  free,  since  it  is  attached  to  the  pKjricar^ 
dium  of  the  heart ;  but,  relatively,  it  is  the  movable  portion  of 
the  diaphragm,  Sj^eaking  generally,  a  contraction  of  the  dia- 
phragmatic muscle  tlraws  the  central  tendon  downward  to^vanl  the 
abdominal  cavity  and  therefore  enlarges  the  chest  in  the  vertical 
diameter,  while  an  increase  in  tlie  thoracic  cavity  around  the 
periphery  of  the  diajihragm  is  caused  also  b\'  the  flattening  of  the 
muscular  arch.  Two  results  follow  this  movement:  The  lungs  are 
expanded  exactly  in  proportion  as  the  cavity  enlarges.  There  is, 
of  course,  at  no  time  any  space  between  the  lungs  and  the  dia- 
phragm: as  the  latter  moves  downward  the  lungs  follow  l>ecaiise  of 
the  excess  of  pressure  on  their  interior.  Although  ordinarily  we 
speak  of  the  new  air  being  sucked  into  the  lungs  during  this  move- 
ment, it  ia,  of  course,  strictly  sjxiaking,  forced  in  by  the  pressure  of 
the  outside  atmosphere.  On  the  other  hand,  the  descent  of  the  dia- 
phragm raises  the  pressure  in  the  alxlonunal  cavity.  This  cavity  is 
entirely  full  of  viscera  and  for  mechanical  ]>ur|K)ses  may  be  regarded 
as  being  full  of  liquid.  The  rise  of  [jressurt?  is  transmitted  throughout 
the  abdomen  and  causes  the  abdominal  wall  to  protnide,  Inspiratioa 
caused  by  a  contraction  of  the  diaphragm  is  therefore  spoken  of 
either  .^ts  dmphrngmaiic  respiration  or  iis  ahdominttl  re^piraiion,  the 
latter  term  having  reference  to  the  visifile  effect  on  the  alxiominal 
walls.  In  strong  contractions  of  the  diaphragm  the  heart  also  is 
pulled  downward,  and  if  the  movement  is  forced  the  lower  ril>s  may 
be  pulled  inward  to  some  extent.  This  last  effect  would  diminish 
the  size  of  the  thorax  and  therefore  would  tend  to  antagonize  the 
inspiratory  action  of  the  diaphragm,  and  utlier  muscles  are  appar- 
ently brought  into  play  to  prevent  this  result.     As  stated  below,  the 
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quadratus  lumhonim  and  the  serratus  posticus  inferior  may  have 

this  function  of  fixating  the  lower 
ril>e  in  violent  inspirations.  The 
diaphragmatic  muscle  is  innervated 
on  each  side  by  the  corresponding 
phrenic  nerve.  Tliis  nerve  arises 
in  the  neck  from  the  fourth  and 
fifth  cervical  spinal  nerves,  and 
passes  do^Tiward  in  the  chest  in 
the  mediastinal  space,  lying  close 
to  the'  heart  in  part  of  its  course. 
Section  of  this  nerve  paralyzes,  of 
course,  the  diaphragm  on  the  cor- 
responding side. 

Elevation  of  the  Ribs. — As  a 
necessarv^  result  of  the  structure  of 
the  bony  thorax,  ever>'  elevation 
of  the  ribs  must  cause  an  enlarge- 
ment of  the  thoracic  cavity  in  the 
dorsoventral  and  the  lateral  diam- 
eters. We  are  justified  in  siiying 
that  ever>'  muscle  whose  contrac- 
tion causes  an  elevation  of  the  ribs  is  an  inspirator}'  muscle.  This 
result  is  due,  in  the  first  place,  to  the  slant 
of  the  ribs.  Karh  rib  is  attached  to  the 
spinal  column  at  two  points:  the  head  to 
the  body  of  the  vertebra  and  the  tubercle 
to  the  transverse  process.  The  uj>and- 
down  movements  of  the  ribs  may  be  re- 
garded as  rotations  around  an  axis  joining 
these  two  points,--that  is.  each  point  in 
the  rib  as  it  moves  up  or  down  describes 
a  circle  around  this  axis  (sec  Fig.  2(*4). 
If  our  ribs  were  set  upon  the  vertebral  col- 
umn so  that  the  plane  of  the  rib  formed  a 
right  angle  with  the  cohinrn,  then  ever>' 
movement  of  the  rib  up  or  down  would 
decrease  the  size  of  the  thorax  and  there- 
fore cause  an  expiration.  As  a  matter 
of  fact,  however,  the  ribs  slant  downward, 
so  that  if  elevateti  the  sternal  end  is  car- 
ried farther  away  from  the  sternum  and 
the  chest  is  entailed  in  the  doraoventral 
direction  (see  Fig.  265).    Moreover,  as  the  rib  moves  upward  there 
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the  potntioQ  a*  would  caiue  an 
expumtiou. 
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fe  an  obvious  enlai^ement  of  the  chest  in  the  lateral  diameter. 
This  result  may  be  referred  to  two  causes:  In  the  first  place,  the 
axis  of  the  rotation  of  the  ribs, — that  is,  the  line  joining  the  head 
and  the  tubercle  of  the  rib  ia  inclined  downward  so  that  the  plane 
of  rotation,  which  is,  of  course,  at  right  angles  to  this  axis,  will  be 
inclined  otitvvard.  As  the  rib  is  moved  upward,  therefore,  it  must 
also  move  outward.  Secondly  the  cartilaginous  ends  of  the  ribs  are 
fixed  at  the  sternum  so  that  as  they  move  upward  and  outward 
they  wiH  be  twisted  or  everted  somewhat  in  the  middle,  with  a 
torsion  of  the  cartilaginous  ends. 

The  Muscles  of  Inspiration. — In  addition  to  the  diaphragm, 
all  muscles  attached  to  the  thorax  whose  contraction  causes  an 
elevation  of  the  ribs  must  be  classed  as  inspirator^'  muscles.  In 
regard  to  this  latter  group  the  action  of  some  of  them  is  dther 
evident  from  their  anatomical  attachments,  or  the  muscles  may  be 
stimulat-ed  directly  and  the  effect  of  their  contraction  be  noted.  In 
other  cases,  however,  it  is  necessary  to  make  use  of  the  method 
first  suggested  by  Newell  Martin, — -namely,  the  determination 
whether  the  contraction  of  the  muscle  in  respiration  occurs  simul- 
taneously with  that  of  the  diaphragm  or  alternately  with  it.  In  the 
former  <'a.se  it  is  inspiratory,  in  the  latter  expiratory*.  The  following 
muscles  may  be  classed  as  inspiratory:  Levalores  costarum.  They 
arise  from  transverse  processes  of  the  seventh  cervical  and  first  to 
eleventh  thoracic  vertebrae  and  are  inserted  into  the  next  rib  or  the 
second  rib  l)elow,  Intcrcoskdcs  cxtcmi  nn^scles.  They  lie  in  the  inter- 
costal spaces  extending  from  the  lower  edge  of  one  rib  to  the  upper 
etlge  of  the  rib  Ijelow;  they  slant  downwanl  and  toward  the  mid-line. 
These  muscles  have  been  assigned  different  functions  by  different 
authors,  but  the  experiments  made  (jy  Hough,*  using  the  method 
of  Martin  descrilje<l  above,  show  that  they  are  inspiratory.  It 
was  fijund  that  in  the  dog  they  contract  synchron<^usIy  with  the 
diaphragm.  The  same  authors  find  that  the  intercartilaginoua 
portions  of  the  internal  intercostals  are  also  inspiraton*.  The 
scaleni — anterior,  medius,  and  posterior — arise  from  the  transverae 
processes  of  the  cervical  vertebra?  and  are  inserted  into  the  first  and 
second  ribs.  M.  aterno-cl^ddo-mastouiitis  extends  from  the  mastoid 
process  to  the  sternum  and  sternal  extremity  of  the  clavicle.  3/. 
pectoralis  minor  extends  from  the  coracoid  process  of  the  scapula 
to  the  anterior  surface  of  the  stwjiid  to  the  fifth  rib.  W.  aemUta 
posticus  superior  extends  fniin  the  spinous  processes  of  Uie  lower 
cervical  and  upper  dorsal  vertebne  to  the  second  to  fifth  rib. 

The  Muscles  of  Expiration. — Expiration — that  ia,  diminution 

*  Hough,    "Studiee    from    the  Bioloeical    Laboratory.    John    Hopldna 

University,"  6.   91,    1893,   and  Bergentlal  antl  Berg^man,        ' *' *^" 

Arehiv  f.  Phyaiologie,"  7,  178,  1896. 
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is  size  of  the  thorax — may  also  be  produced  in  two  ways:  First, 
by  forcing  the  diaphragm  farther  into  the  thoracic  cavity.  This 
result  is  obtained,  not  by  any  direct  action  of  the  diaphragm,  but 
by  contracting  the  muscular  walls  of  the  abtlomen,  the  external  and 
internal  oblique,  the  rectus,  and  the  transversus.  The  contraction 
of  these  muscles,  which  fonn  what  has  been  called  the  abdominal 
press,  raises  the  pressure  in  the  abdomen  aad  tliis,  acting  ujH>n  the 
under  surface  of  the  diaphra-gm,  forces  it  up  into  the  thorax,  pro- 
vided the  glottis  is  oj>en.  If  the  glottis  is  kept  closed  finidy  the 
increased  alxlominal  pressure  is  felt  mainly  u[)on  the  pelvic  organs, 
and  this  effect  is  observed  in  mictuntion.  defecation,  and  parturition. 
Sei'ond,  by  depressing  the  ribs.  The  muscles  which  may  be  sup- 
posed to  exert  this  action  are  as  follows:  M.  intercostalea  uUemu 
The  expiratorv'-  action  of  these  muscles,  so  far  as  the  interosseous 
portion  is  concerned,  was  first  definitely  shown  by  Martin,  who 
proved  that  when  they  contract  they  act  alternately  with  the  dia- 
phragm.* M .  trutngularis  stemi  or  them,  transversus  thoracis  is  found 
on  the  interior  of  the  thorax  on  the  anterior  wall.  Its  fibers  pass 
from  the  sternum,  nmning  upward  and  outward,  to  be  inserted  into 
the  third  to  sixth  rib.  The  expirator}'  action  of  this  muscle  was 
demonstrated  by  Hough  according  to  the  method  of  Martin.  M . 
iliocosUtiis  lumborum.  The  anatomical  attachments  of  this  muscle 
are  such  as  would  enable  it  to  depress  the  rihs;  but  its  functional 
activity  in  expiration  has  not  Ix'en  demonstrated.  The  7n.  serratus 
posticus  inferior  and  m.  quadrntus  lumborum  are  both  placed 
anatomically,  especially  the  former,  so  that  their  contractions 
serve  to  depress  the  ribs.  It  has  been  suggested,  however,  that 
they  may  act  in  forced  inspirations  so  as  to  antagonize  the  ten- 
dency of  the  diaphragm  to  i)ull  the  lower  ribs  inward.  Whether 
they  really  act  with  the  diaphragm  or  alternately  with  it  can  only  be 
detennined  by  actual  ex|)eriment 

Quiet  and  Forced  Respiratory  Movements;  Eupnea  and 
Dyspnea. — *Uir  respiratorv  movements  vary  much  in  amplitude, 
and  the  muscles  actually  involved  differ  naturally  with  the  extent 
of  the  movement.  In  general,  we  distinguish  two  different  forms  of 
breathing  movements.  The  ordinary'  quiet  respirations,  made 
without  ohviniis  effort,  form  a  condition  of  respiration  designat-ed 
as  eupnea.  I>tlficult  or  labored  breathing  is  known  as  dyspnea. 
It  is  impossilile  t-o  draw  a  sharp  line  l)etween  the  two.  TEere  are 
many  degrees  of  dyspnea,  and  doubtless  in  quiet  breathing  the 
amplitude  of  the  movements  may  var>'  consitlerably  before  they 
become  distinctly  dyspneic.  In  all  conditions  of  eupnea  the  chief 
point  to  bear  in  mind  is  that  the  expiration  is  entirely  passive. 
•  Martin  and  HartweU,  "Journal  of  Physiology,"  2,  M,  1879. 
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The  inspiration  in  nian  is  made  by  the  diaphragm  a]one  or  by  thi 
diaphragm  together  with  aorae  action  of  the  levatores  coetarumind 
the  external  intercostals.  At  the  end  of  the  inspiration  the  ribsiDd 
diaphragm  an?  brought  back  to  tlie  normal  position  by  purdj 
physical  forces,  ^the  elasticity  of  the  distended  abdominal  w»n, 
the  elasticity  of  the  expanded  lungs,  the  weight  and  t-orsioQ  d 
the  rihs^  etc.  As  soon  as  the  breathing  movements  become  at  all 
forced  the  action  of  the  above-named  inspirator>'  muscles  U  in- 
creased in  intensity^  and  the  other  inapiratory  muscles,  all  elevaton 
of  the  ril>s,  come  into  play.  Quiet  breathing  in  man  at  ieart  is 
mainly  diaphmgmatic  or  abdominal,  wliile  dyspneic  breathing  a 
characterized  b\'  a  greater  action  of  the  elevators  of  the  ribi. 
When  dyspnea  reaches  a  certain  stage  the  expiration  also  liecomes 
active  or  forced.  The  expiratory  ^ct  is  hastened  by  a  contraction 
of  the  abdominal  muscles  or  of  the  depressors  of  the  ribs,  lod 
indeed  the  action  of  these  muscles  may  compress  the  chest  beyond 
its  normal  position,  so  that  the  expiration  is  followed  by  a  ptaive 
inspiration  which  brings  the  chest  to  its  normal  position  before  tiie 
next  active  inspiration  begins. 

Costal  and  Abdominal  Types  of  Respiration- — These  two 
types  of  respiration  are  based  upon  the  character  of  the  inspinlwy 
movement.    An  inspiration  in  wliich  the  movement  of  the  aljdonitt, 
due  to  contraction  of  the  diaphragm,  is  the  chief  or  only  feature 
belongs  to  the  abdominal  type.     An  inspiration  in  which  the  ekw 
tion  of  the  ribs  is  a  noticetible  facU>r  belongs  to  the  costal  type 
Hutchinson,   who  introduced   this   nomenclature,*  laid  emphwi 
chiefly  upwn   the  order   of   tiie  movements.      In   the  alKlomiml 
type  the  abdomen  bulges  outward  first,  and  this  is  followed  by 
a  movement  of   the  thorax;    the   movement   spreatls    from  the 
abdomen  to  the  thorax,  and,  "  Uke  a  wave,  is  lost  over  the  thoncic 
regi<»n."     In  costal  breathing  the  upper  ribs  move  fix^  and  tha 
abdomen  second.     The  tenns  are  meant  to  apply  chiefly  to  human 
respiration  and   have   aroused    interest    in   connection  with  th* 
fact  that  in  quiet  breathing  in  the  erect  posture  the  respiration 
of  man  belongs  to  the  abdominal  type  and  that  of  woman  to  the 
costal  t^'pe.     It  has  been  a  question  whether  tliis  diffenence  I^H 
genuine  sexual  distinction   or    depends    simply  upon   differeaV 
in  dress.     Hutchinson  inclined  to  the  view  tliat  it  forms  what  *• 
should  call  a  secondary'  sexual  characteristic,  and  that  its  ph>'aO' 
logical  value  for  woman  lies  in  tlie  fact  that  provision  is  thus  made, 
as  it  were,  against  the  period  of  pregnancy.    He  states  that  in 
twenty-four  young  girls  examinefJ  l^etween  the  agee  of  eleven  and 
fourteen  the  costal  type  was  present,  although  none  of  them  bnd 

*See  HutchinHon.  article  on  "Thorax,"  Todd 's '* CydoiMedia  of  Aa«t- 
omr  and  Phyeiology,"  1849. 
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H?  worn  tight  dresa.     Later  observers,  however  (Mays,  Kellogg,  and 

f3  others),  state  that  Indian  and  Chinese  women  who  have  not  worn 

tight  dress  exhibit  the  abdominal  type,  and  the  same  statement  ia 

made  regarding  ci\^lized  white  women  who  hahitimlly  wear  loose 

clothing.     It  would  appear,  therefore,  that  the  assumption  of  the 

I  costal  type  by  women  in  general  is  due  to  the  Idndrance  offered  by 
the  clothing  to  the  movements  of  the  abdomen.  From  an  exami- 
nation of  four  hundred  and  seven  cases  Fitz*  concludes  that  when 
the  restricting  effect  of  dress  is  removed  there  is  little  or  no  differ- 
ence in  the  type  of  respiration  in  the  two  sexes.  The  natural  type 
is  one  in  which  "  the  movement  is  fairly  equallj'  balanced  between 
chest  and  abdomen,  the  abdominal  being  somewhat  in  excess." 
When  the  respiration  becomes  dyspneic  it  takes  on  a  distinctly 
costal  type,  and  Fitz  and  others  \\&ve  shown  that  for  an  equal  in- 
crease in  girth  the  thoracic  movements  cause  a  greater  enlargement 
of  the  lungs. 

Accessory  Respiratory  Movements. — In  addition  to  the  mus- 
cles whose  action  directly  enlarges  or  diminishes  the  capacity  of  the 
thorax  certain  other  muscles  coimecteii  ^ith  the  air  passages  con- 

I  tract  rhythmically  with  the  inspirations,  and  may  be  designated 
proj>erly  as  accessory  muscles  of  inspiration.  The  muscles  es- 
pecially concerned  are  those  controlling  the  size  of  the  glottis  and 
the  opening  of  the  external  nares.     At  each  inspiration  the  elevators 

I  of  the  wings  of  the  nose  come  into  play.  This  movement  occurs  in 
normal  breathing  in  many  animals,  such  as  the  rabbit  and  horse, 
and  in  some  men,  while  in  dyspneic  breathing  it  is  invariably 
present.  The  useful  result  of  the  movement  is  to  reduce  the  rej?is- 
tance  to  the  inflow  of  air.  80  in  many  animals  the  glottis  is  dilated 
at  each  inspiration  by  the  contraction  of  the  posterior  crica-ar>'te- 
noid  muscles,  and  in  man  also  this  movement  is  evident  when 
the  breathing  is  at  all  forced.  The  useful  result  in  this  case  also  La 
a  redtiction  in  the  resistance  offered  to  the  inflow  of  air. 

The  Registration  of  the  Rate  and  Amplitude  of  the  Respira- 
tory Movements. — Many  methods  are  employed  to  register  the 
rate  or  amplitude  of  the  respiratory  movements.     Upon  man  the 
amplitude  may  be  measured  directly  by  a  tape  placed  at  different 
levels  to  ascertain  the  increase  in  girthr  or  it  may  l>e  recorded  by 
some  form  of  lever  or  tambour  applied  to  the  chest  or  abdomen. 
A  convenient   instalment  for  this  purpose  is  the  pneumograph 
described  by  Marey,  which  is  illustrated  and  described  in  Fig.  266. 
In  animal  exfjerinientation  the  various  methods  that  are  employed 
may  be  classified  under  four  heads:    (!)  Methods  in  which  the 
I     change  in  circumference  or  diameter  of  the  chest  or  abdomen  ia 
I    recorded.    (2)  Methods  in  which  the  change  of  pressure  in  the  air 
t  *  Fitz,  "Journal  of  Experimental  Medicine/'  1,  1896. 
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passages  is  recorded.  In  these  methods  a  tube  may  be  inserted  iolo 
one  of  the  nostrils  for  instance,  and  then  connected  to  a  tamlxmrtha 
lever  of  which  makes  its  record  on  a  kymographion,  or  if  the  i 
is  tracheotomized  a  side  tube  upon  the  tracheal  cannula  may  I 
connected  to  a  tambour.  This  method  indicates  well  the  mtc  i 
movement  and  the  relative  amplitude,  but  has  the  defect  that  if 


Fiff.  260. — Fif^re  of  MareyV  pneumocnph.— (V'<T</in.)  The  tfutiuioent  oowiM* rf 
«  tambour  \t),  mounted  on  a  flexible  metoJ  plate  (p).  By  moant  of  thtt  farads  '  >*0 
Cbe  metal  plate  i»  tied  to  the  chest.     Any  IncreaHO  or  decresae  in  tb«  iiat  of  tbs  dN*  *9 


thoD  affect  the  tambour  by  the  lever  arrangement  shown  in  the  figurei.  IImm  tfaaaia^ 
the  tambour  are  traosmiiied  through  the  tube  r  as  pressure  changes  in  the  eoataiaidiif 
to  a  second  tambour  (not  ihown  in  the  6gure)  which  reoorcb  them  upon  a  «MolBftd  dni& 


does  not  record  the  pause,  if  any,  at  the  end  of  inspiration  or«- 
piration.  A  modification  of  this  method  that  permits  an  accunU 
record  of  the  amplitude  and  diiratinn  of  the  movements  consists io 
connec'tinfT  the  trachea  or  nostrils  with  a  large  Ijottle  of  air.  T\ift 
animal  breathes  into  and  out  of  the  bottle,  and  the  corrttpondifi^ 


Fig.  267. — Curve  of  normal  renpiratory  mo^-ementji.  — (J/arry.)  Curve  ^1,  full  Imc, 
repreMnts  the  movementa  when  the  respiration  is  entirvly  normal.  IXiiraatVok*,  tiupin- 
tioo;  upatroke,  expiration.  CurveO.  dotted  line,  represents  the  increaaed  aoiplituUe  vi  tki 
movements,  sltBht  dyspnea,  cauaed  by  breathinK  thrrjuKh  a  narrow  tube. 


variations  in  pressure  are  recorded  by  a  tambour  also  ronnectttl 
with  the  interior  of  the  bottle.  (3)  Methods  in  which  the  chan^ 
of  pressure  in  the  thoracic  ca^aty  is  recorrled.  This  end  may  be 
reached  by  inserting  a  cannula  into  the  thoracic  wall  so  that  its 
opening  hes  in  the  pleural  cavity,  or,  more  simply,  a  catheter  or 
sound  connected  at  the  other  end  to  a  tambour  may  be  passed  down 
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the  esophagiis  until  its  end  lies  in  the  intrathoracic  portion. 
Variations  in  pressure  in  the  mediastinal  space  synchronous  with 
the  respiratory  niovemen*^  affect  the  esophagus  and  through  it 
the  sound.  (4)  Methods  in  which  the  movements  of  the  dia- 
phragm are  recorded  either  by  a  tanihour  or  lever  thrust  between 
the  diaphragm  and  liver,  or  by  hooks  attached  directly  to  muscular 
slipw  of  the  diaphragm.  Registration  of  the  nu*vements  in  mao 
during  quiet  breathing  give  us  such  a 
record  as  is  seen  in  Fig.  267.  It  will 
l)e  seen  that  the  inspiration  (descend- 
ing limb)  is  followed  at  once  by  an 
expiration,  as  we  should  expect, 
since,  as  soon  as  the  insjnratory 
muscles  cease  to  act,  the  phj'sical 
factors  mentioned  above  at  once  tend 
to  bring  the  chest  back  to  its  normal 
position.  The  expiration  (ascen<ling 
limb)  is  at  lirst  rapid  and  toward  the 
end  very  gradual,  so  that  there  is  al- 
most a  condition  of  rest, — an  expira- 
tory pause. 

The  Volumes  of  Air  Respired 
and  the  Capacity  of  the  Lungs. — 
The  volume  of  air  respired  varies,  of 
course,  with  the  extent  of  the  move- 
ments and  the  size  of  the  individual. 
This  volume  may  be  determined 
readily  in  any  given  case  by  means 
of  a  spiromcttr, — a  form  of  gasometer 
adapted  to  this  purpose.  The  con- 
stniction  of  tliis  af*paratus  is  repre- 
sented in  Fig.  2G8.  It  consists  of  a 
graduated  cyUnder  (.4)  and  a  receiver 
(B)  filled  with  water.  The  cylinder 
A  is  counterbalanced  by  a  weight  (g) 
so  as  to  move  up  and  down  in  the 
water  of  B  with  the  least  pos,sible  re- 
aistAnce.  '['he  tube  C  passes  through 
the  wall  of  B  and  ends  in  the  interior  of  .4  above  the  level  of  the 
water.  The  free  end  of  this  tiil>e  is  connecteil  with  the  mouth 
or  nose.  When  one  breathes  through  this  tul>e  the  expired  air 
passes  into  --1,  which  rises  from  the  water  to  receive  it.  If  .'1  is 
graduated  the  amount  of  air  breathed  out  may  be  measured 
directly.  The  following  terms  are  used:  VilaJLXQJSn^MU'  ^.v 
vital  capacity  is  meant  the  quantity  of  air  that  can  be  breathed 


Fig.    l*6H.— Wintrich  's     motlifi- 
cation  of  llutchuuoti'a    spirooietcr. 
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out  by  the  deepest  possible  expiration  aft-er  making  the  rjeep 
possible  inspiration.  It  givas  a  rough  meiLsure  <»f  lung  rapacity, 
and  is  used  in  gymnasiums  and  physical  examinations  for  this  pur- 
pose. The  actual  amount  varies  with  the  individual;  an  average 
figure  for  the  adult  man  is  37(K)  c.c.  Tulal  air.  By  this  term  is  * 
meant  the  amount  of  air  breathed  out  in  a  normal  quiet  expiration. 
A  similar  amount  is  breathed  in,  of  course,  in  the  prexaous  inspira- 
tion, and  the  term  tidal  air  designates  the  amount  of  air  that  flows 
in  and  out  of  the  lungs  with  each  quiet  respiratory  movement. 
Here,  again,  there  are  indiNidual  variations.  The  average  figure 
for  the  adult  man  ij  50i}  c.c.  The  complertienUd  air.  This  terra 
designates  the  amount  of  air  that  can  be  breathed  in  over  and  above 
the  tidal  air  by  the  deepeiit  possible  inspiration.  It  is  estimated 
QtJiSUtLc.c.  The  sxippIemerUal  air.  By  this  tenn  is  meant  the 
amount  *jf  air  that  can  be  l>reathed  out,  after  a  quiet  expiration,  by 
the  mo.st  forcible  expiration.  It  Ls  egu"^  ]\\i]\]  tn  ''^Vi)  c.c.  It  is 
evident  tliat  the  complemental  air  plus  the  supplemental  air  plus 
the  tidal  air  constitute  the  vital  capacity.  Thr  ftnufutd  air.  After 
the  most  forcilile  expiratifm  the  lungs  are  far  from  being  entirely 
collapsed.  The  volume  of  air  that  remains  beliind,  after  the  sup- 
pleuiL'utal  iiir  Ijas  been  driven  out,  is  known  as  the  residual  air. 
The  amount  of  this  air  has  been  estimated  tlirectly  on  the  cadaver 
(Hermann).  The  thorax  was  first  pressed  into  a  position  of  forced 
expiration ;  the  trachea  was  then  ligated,  the  chest  opened,  the  lungs 
removed  and  tfieir  volume  estimated  by  the  amount  of  wat^r  dis- 
placed when  they  were  inunersed.  The  average  result  from  such 
estimations  was.  in  round  numbers,  UJpU^^.  L'nder  conditions  of 
normal  breathing  the  reserve  supply  of  air  in  the  lungs  is  equal  to 
the  nrsidual  air  plus  the  supplen^ental  air, — thatis,  2G(K)  c.c.  ^l^ni- 
nttiljijr^  When  the  th<irax  is  ojiened  the  lungs  collapse,  dri\nng  out 
{Iiesupi)leniental  and  resiilual  air,  but  not  quite  completely.  Before 
the  air  ri'lls  are  entirely  emptied  the  small  bronchi  leading  to  them 
coMapsc  and  their  walls  adhere  with  suliicient  force  to  entrap  a  little 
air  in  the  alveoli.  It  is  on  this  account  that  the  excised  lungs  float 
in  water  and  are  designated  as  lights  by  the  butcher.  The  small 
amount  of  air  caught  in  this  way  is  designated  as  the  minimal  air. 
In  the  fetus  before  birth  the  lungs  an?  entirely  solid,  but  after 
birth,  if  iv.spinitionsare  ituvde.  the  hings  do  liot  coHajise  completely 
on  account  of  the  capture  of  the  minimal  air.  Whether  or  not  the 
lungs_wtll  float  has  nmstituted,  therefore,  one  of  the  facts  usccTin 
"Igdif^lrj'-il'  ^'"^^*^<  1^^  jii^'tp^mine  if  a  chilfl  was  stiJUmm.  I'fltf  \\\hfs 
during  life  may,  under  certain  conditions,  again Ijecome  in  parts 
entirely  solid.  If  any  of  the  alveoli  liecome  completely  shut  off 
from  the  trafhea,  by  an  accident  or  by  pathological  conditions,  the 
air  caught  in  them  may  Ije  completely  absorlnxlj  aft-er  a  certain 
interval,    by    the    circulating    blood. 
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The  Size  of  the  Bronchial  Tree  and  the  Ventilation  of  the 

Lungs. ^Sincc  the  reser\'e  supply  of  air  in  the  lungs  may  amount  to 
2600  ex.,  while  the  new  air  breathed  in  at  each  inspiration  amounta 
to  only  500  c.c,  it  would  seem  at  first  that  the  alveolar  air  is  not 
very  etiiciently  renewed  by  a  quiet  inspiration.  The  actual  amount 
of  ventilation  effected  depends  on  the  capacity  of  the  bronchial 
tree,  sometimes  known  as  the  *'dea(l  ^pace"  of  the  lunp.s»  since 
the  air  filling  this  space  is  not  useful  in  the  respirator}'  processes. 
According  to  observations  founded  partly  on  measurements  of 
casts  of  the  tree  and  partly  upon  physiolof^ical  ileteiTuinations 
made  by  breathing  air  poor  in  oxygen,  it  would  seem  that  this 
volume  may  be  reckoned  at  140  c.c*  At  each  ins[jiration,  there- 
fore, at  least  360  c.c.  of  air  penetrate  into  the  alveoli,  and  if  evenly 
disseminatetl  through  the  lungs  add  about  -rp^j  to  the  volume  of 
each  alveolus.  Once  in  the  alveoli,  diffusion  must  tend  to  spread 
the  tida!  air  rapidly,  and  that  this  occurs  is  shown  by  an  interesting 
experiment  performed  by  Gr^hant.  He  breathed  in  5CX)  c.c.  of 
hydrogen  instead  of  air  and  then  examined  the  amounts  of  hy- 
drogen breathed  out  in  successive  expirations.  Only  170  c.c. 
were  recovereri  in  the  first  expiration,  180  e.c.  in  the  second.  41  in 
the  third,  and  40  in  the  fourth. 

Artificial  Respiration. — In  laboraton'  experiments  artificial 
respiration  is  employed  frequently  after  the  use  of  curare;  when  it  is 
necesaarv  to  open  the  chcsl:  after  cessation  of  respirations  from 
overdoses  of  chloroform  or  ether,  etc.  The  method  used  in  almost 
all  cases  is  the  reverse  of  the  normal  procedure, — that  is,  the  lungs 
are  expanded  hy  positive  pressure  (pressure  in  excess  of  atmos- 
pheric). A  liellows  or  bltist  worked  b>'  hand  or  machinery  is  con- 
nected with  the  trachea  and  the  lungs  are  dilated  by  rhythmical 
strokes.  Provision  is  made  for  the  escaj>e  of  expired  air  by  the  use 
of  valves  or  by  a  side  hole  in  the  tracheal  cannula.  Numerous 
forms  of  respiration  pujiijxs  have  been  devised  for  this  f)urpose. 

In  cases  of  suspeniled  respiration  in  human  beings  from  drown- 
ing, electrical  sborks,  pressure  upon  the  medulla,  etc..  it  is  necessary' 
to  use  artificial  respiration  in  onler  to  restore  normal  breathing. 
Bellows  ordinarily  cannot  be  used  in  such  cases.  Some  method 
must  be  employed  to  expand  and  contract  the  chest  alternately^  and 
several  different  ways  have  been  ^leviseiL  The  iMarshall  Hall 
method  consists  in  placing  the  subject  face  down  ami  ntlling  the 
body  from  this  to  a  lateral  position,  making  some  pressure  upon  the 
back  while  in  the  prone  position.  The  Sylvester  method,  which  is 
frei-piently  used,  consists  in  raising  the  amis  above  the  head  and 
then  bringing  them  down  against  the  sides  of  the  chest  so  as  to 
compress  the  latter.  The  Howard  method  consists  in  simply  com- 
•  See  lyocwy,  "  Archiv  f.  die  gtwanmite  Physiologic/'  58,  416. 
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pressing  the  lower  part  of  the  chest  while  the  subject  is  in  a  supine 
prjsition.  Schaefer,  who  has  recently  coinpared  these  different 
methods,  suggests  one  of  his  own,  which  seems  to  be  effective,  saves 
labor,  and  is  less  injurious  to  the  subject.*  He  describes  it  as  fol- 
lows: "It  consists  in  lading  the  subject  in  the  prone  posture, 
preferalily  on  the  ground,  with  a  thick  foJdefl  garment  imdemeAth 
the  chest  and  epigastrium.  The  ojicrator  puts  himself  athwart  or 
at  the  side  of  the  .subject,  facing  his  head  (see  Fig.  2G9)  and  places 
liis  hands  on  each  side  over  the  lower  part  of  the  back  (lowest  ribs). 
He  then  slowly  throws  the  weight  of  his  body  forward  to  fjear  upon 


I 


Fig.  269. — Shovrs  the  i>Ooition    to    l.o  ^w^.u-i  :>  i  l^iTlcl.i.^ 
of  drownitis. — {Schtu/er.) 


^iiiiiciol  respintioa  in 


his  own  arms,  and  thus  presses  upon  the  thorax  of  the  subject  and 
forces  air  out  of  the  lungs.  This  being  effected,  he  gradually  re- 
laxes the  pressure  by  bringing  his  own  bK)dy  up  again  to  a  more 
erect  position,  but  without  moving  the  hauils,"  These  inovements 
are  repeated  quite  regularly  at  a  rate  of  twelve  to  fifteen  times  a 
minute  until  nonnal  respiration  begins  or  the  possibility  of  it6 
restoration  is  abandoned.  A  half-hour  or  more  may  be  required 
before  normal  l)reiithing  movements  start. 

•Sch&for,    "Mpdico-<!hinirgic4il    Transaction**,"    I^ondon,    vol.    fxxxvii^ 
1904;  also  "Journal  of  the  American  Mefiicnl  .^s.soriation,"  51,  801,  1908. 
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THE  PRESSURE   CONDITIONS   IN   THE  LUNGS  AND 

THORAX  AND  THEIR  INFLUENCE  UPON  THE 

CIRCULATION. 

In  considering  the  pressure  changes  in  respiration  the  distinction 
between  the  pressure  in  the  thorax  outside  the  lungs  and  the  pres- 
sure within  the  lungs  and  air  passages  must  he  kept  clearly  in  mind. 
The  pressure  in  the  thoracic  cavity  outside  the  hings  may  be 
designated  as  the  intrathoracic  pressure;  it  is  the  pressure  exerted 
upon  the  heart,  great  blood- 
vessels, thoracic  duct,  esopha- 
gus, etc.  The  pressure  in  the 
interior  of  the  lungs  and  air 
passages  may  be  designated  as 
inlrtiptdnionic  pressure.  The 
relations  of  the  two  pressures 
with  reference  to  the  outside 
atmosphere  is  indicated  sche- 
matically in  Fig.  270. 

The  Intrapulmonic  Pres- 
sure and  its  Variations. — ^The 
air  passages  and  the  alveoli  of 
the  lungs  are  in  frt^  conununi- 
cation  with  tlie  cAternal  air; 
consecptently  in  evers'  jx)sition 
of  rest,  whether  at  the  end  of 
inspiration  or  expiration,  the 
pressure  in  these  cavities  is 
equal  to  that  of  the  atmos- 
phere out,sidc.  During  the  act 
of  inspinition,  however,  the  in- 
trapulmonic pressure  falls  teni- 
porarily  bcKnv  that  of  the  atmosphere, — that  is,  during  the  inflow  of 
air.  The  extent  U>  which  the  pressure  falls  depends  naturally  upon 
the  rapidity  and  amplitude  of  the  inspirator>'  movement  and  upon 
the  size  of  the  o])cning  to  the  exterior.  The  narrowest  portion  of 
the  air  passages  Is  the  glottis;  consequently  the  variations  in  pres- 
sure below  this  point  arc  pnibably  greater  than  in  lh(*  pharynx  or 
nasal  cavities.  If  the  air  passages  arc  abnormally  constricted  at 
any  point  the  fall  of  pressure  during  inspiration  will  he  correspond- 
42  667 


„  270. — Dusimm  to  illustrate  how 
tiie  pressure  of  the  air  is  exerled  through 
the  luni;  walls  upou  the  heart  (IJ)  and  otbar 
oreuo--)  in  the  medioatinal  tip&ce.  ^  Ibe  prat- 
sure  an  these  orimiiB  Untrataoracio  pmaum) 
It  equal  to  one  fttmoBphere  minus  the  amount 
of  tho  oppoflinc  pvecBOn  exerted  by  the  ex- 
paiided  lUQffs. 
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ingly  magnified  in  the  parts  below  the  constriction,  as  happen*,  for 
instance,  in  bronclxial  asthma »  edema   of  the  glottic,  cold  in  the 
head,  etc.     Uniler  nomial  conditions  the  fall  of  pressure  ijurin^i 
cjuiet  inspiration  is  not  large.     Donders  determined  it  in  man  by 
connecting  a  water  manomet-er  with  one  nostril  and  found  tliAt  it 
was  equal  to  - — 9  or  — 10  mins.  water.     At  the  end  of  an  inspiration, 
if  there  is  a  pause,  the  pressure  \s*ithin  the  lungs  again  rises,  of  course, 
to  atmospheric.     During  expiration,  on  the  other  hand,  the  colb(« 
of  the  chest  wall  takes  place  with  sufficient  rapidity  to  compress  the 
air  somewhat  during  it.s  escape  and  cause  a  temporan.-  rise  of  pres- 
sure.    In  normal  expiration  Donders  e-stiinated  this  rise  as  equal  to 
7  or  8  nuns,  water.     The  intrapubnonic  pressure  may  vary  greUiy 
fn)ni  these  figures  in  the  positive  or  negative  direction  accordit^  to 
the  factors  mentioned  above,  aspecially  the  intensity  of  the  reBpii*- 
ton''  movement  and  the  size  of  the  ojiening  to  the  exterior.    The 
extreme  variations  are  obtained  when  the  opening  to  the  outside  ii 
entirely  shut  off.     When  an  inspiration  or  an  expiration  is  jnade 
with  the  glottis  firmly  closed  the  pressure  in  the  lungs,  of  courae, 
rises  and  falls  with  the  rarefaction  or  compression  of  the  contaiMd 
air.     A  strong  inspiration  under  such  conditions  may  lower  the 
pressure  by  30  to  SO  mms.  of  mercurj-,  while  a  strong  expiration 
raises  the  pressitre  b\*  an  amount  equal  to  60  to  100  mms.  Hg.  lo 
the  act  of  coughing  we  get  such  a  result:  the  strong  fipasmodic 
expirations  arc  made  with  a  cU>scd  glottis  and  consequently  caiL«<! 
a  marked  rise  in  the  intrnpulnioaic  pressure.     Such  great  vana- 
tiuns  in  pressure  have  a  markiHl  influence  on  the  flow  i>f  blaKlu> 
the  heart.     If,  for  example,  one  maintains  a  strong  expiration 
while  keeping  the  glottis  closed,  the  rise  of  intrapubnonic  and  in- 
trathoracic pressure  may  be  sufficient  to  clamp  off  the  large  vciw 
emptying  into  the  right  auricle. 

Intrathoracic  Pressure. — When  a  reference  is  made  to  tk 
pressure  within  the  thonix,  it  is  the  intrathoracic  pressure  tluil " 
meant, — that  is,  the  pressure  in  the  pleural  cavity  and  modiaslin*! 
spaces.     This  pressure,  under  normal  conditions,  is  always  negative, 
— that  is,  is  always  less  than  one  atmosphere.      The  reason  for  this 
is  simply  that  the  lungs  are  distended  to  fill  the  thoracic  cavity^  and 
consequently  the  organs,  like  the  heart,  which  lie  in  this  canity 
outside  the  lungs,  are  exposed  to  a  pressure  of  one  atmospherti 
minus  the  force  of  elastic  recoil  of  the  lungs  (see  Fig.  270) .  The  heart 
and  other  intrathoracic  organs  are  protected  from  the  direct  piw- 
sure  of  the  air  by  the  thoracic  walls;   they  are  pressed  upon,  how- 
ever, through  the  lungs,  but  naturally  the  atmospheric  pressure  is 
reduced  by  an  amount  equal  to  t!ie  elastic  force  of  the  distended 
lungs.     Intrathoracic  pressure,  in  fact,  may  be  defined  as  intra- 
pulnionic  pressure  minus  the  elastic  pull  of  the  lungs,  and  ainca 
under  usual  conditions  the  intrapulmonic  pressure  is  equal  to  tltat 
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of    the    atmosphere^  the  intrathoracic   pressure   is   less   than   an 
here  by  an  amount  equal  to  the  recoil  of  the  lung:s.     The 
ive  pressure  in  the  thorax  is,  therefore,  ecjual  to  the  elastic 
force  of  the  Umgs^  and  is  larger  the  more  the  lungs  are  put  uixin 
a  stretch, — that  is,  the  deeper  the  inspiration,     'riie  amotint  of  this 
Degativc  pressure  has  Ijeen  niea«ureil  u(Kjn  both  animals  and  men 
by  two  methods:   P'irst  by  Donder's  metho<l  of  attaching  a  manom- 
eter to   the  trachea  and   then  oi>ening  the  thomcic  walls  so  as  to 
ftUow  the  atmosphere  to  press  upon  the  exterior  face  of  the  lungs. 
In  this  way  the  elastic  force  of  the  lungs  is  determined,  and,  as 
explained  alx>ve,  this  is  e<]uivalerit  U)  the  negative  pressure.   Second, 
by  thnisting  a  trocar  through  the  thoracic  wall  so  that  its  open  end 
may  lie  in  the  pleural  or  mediastinal  cavity,  the  other  end  being 
appropriately  connected  with  a  manometer.     The  nkler  observers 
(Hutchinson)  also  made  exjjoriments  uj>on  freshly  excised  human 
hings,  determining  their  elastic  force  when  distended  hy  known 
amounts  of  air.    The  figures  obtained  by  these  ilifferent  methods 
have  shown  some  variations^  but  the  following  quotations  give 
an  idea  of  the  average  extent  of  this  negative  pressure.     Heynsius,* 
making  use  of  tlie  figures  obtained  by  Hutchinson,  estimates  that 
in  man  the  negative  pressure  in  the  thorax  at  the  end  of  expiration 
is  —4.5  mms.  Hg,  while  at  the  end  of  an  inspiration  it  is  equal  to 
'^"T.S  mms.  Hg,- — a  variation  iluring  respiration,  therefore,  of  3  mma. 
Hg.    That  is,  assuming  that  the  atmospheric  pressure  is  76()  mms. 
Hg,  the  conditions  of  pressure  in  the  thorax  and  hmgs  at  the  end  of 
Utspiration  and  expiration  are  as  follows: 

At  thb  End  or  iKsriRATioN.       Atthb  Ehd  or  Exfuatiom, 
I^trmpulxnonic  praasure. .  .760   mm;^.  Hg.  760     nim».  Hg. 

4ailf»thoracic  prcesure. . .  .752  5     "       *^  755.5     "        '^ 

Aron  gives  results  obtained  from  a  healthy  man  in  whom  a  can- 
nula was  connected  directly  with  the  pleural  cavity. t  From  36 
determinations  he  obtained  the  average  result  that  at  the  end  of 
quiet  inspiration  the  negative  pressure  is — 4.54  mms,  Hg  and  at 
the  emi  of  expiration  — 3.02  mm.s.  Hg — results  considerably 
lower  than  those  estimated  by  Hcynsius.  It  should  be  borne 
in  mind,  however,  that  these  values  depend  upon  the  condition 
of  expansion  of  the  chest, — ttiat  is,  the  position  of  the  l>0(iy  and 
the  depth  of  inspiration.  On  dogs  Heynsiua  reports  as  folkm^s: 
At  end  of  inspiration,  — 9.4  mms.  Hg;  end  of  expiration, — 3.9  mms. 
Hg.     On  rabbits, — 4.5  mms.  and  —2.5  mms.  Hg. 

Variations  of  Intrathoracic  Pressure  with  Forced  and  Unusual 
Respirations. — After  the  most  forcible  expiration,  when  the  air- 

•*'Archiv  f.  die  gesanimte  PhysioloKie,"  29,  265,  1882. 
t  Aron,  quoted  from  Enierson,  '*  Johns  Hopkins  Hospital  Reports,"  H, 
IM,  1903. 
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are  open,  the  intratlioraclc  pressure  is  still  negative 
small  amount,  since  tlie  lungs  are  still  exjmnded  beyond  what 
might  l>e  called  their  normal  size, — that  is,  their  size  when  the  pre»- 
sure  inside  and  outside  is  the  same.     If,  however,  a  forced  expirv 
tion  is  made  with  the  glottis  closed,  as  in  the  straining  movements 
of  defecation,  parturition,  etc.,  then  natural!}^  the  intralhuracic 
pressure  rises  with  the  intnipulmonar>'  pressure.    The  increwol 
pressure  from  the  compressed  air  in  the  lungs  is  felt  upon  the  oTgau 
in  the  meditustinal  spaces.     The  large  veins  especially  are  affecUd, 
and  the  flow  in  them  Ls  partially  blocked,  as  is  shown  by  tlic swelling 
of  the  veins  in  the  neck  out.side  the  thorax.    The  nmintemuice  of 
such  conditions  for  a  considerable  period  may  seriously  affect  the 
circulation.     The  .same  general  effect  is  obtziined  also  in  attackaof 
coughing,   the   \iolent  spasmodic  expirations  with  closed  glottif 
causing  a  visible  venous  congestion  in  the  head  from  the  oljstrucljon 
to  the  venous  flow  into  the  heart.     Forcible  inspirations,  on  the 
other  hand,  lower  the  intrathoracic  pressure — that  is,  increase  the 
negativity — ^whethcr  the  glottis  Ls  oi>en  or  closed.     WTien  the  glottii 
is  freely  open  and  a  deep  inspiration  is  made  the  intrathoracic 
pressure  may  fall  as  nmch  as  30  mms.  Hg, — that  is,  become  equal 
to  7;30  nin\s.    The  lungs  being  nmch  more  exjianded  exert  a  cone- 
spondingly  greater  elastic  force.     If  the  glottis  is  closed  during! 
deep  ini^i>iration  then  there  is  little  actual  expaa^ion  of  the  lunp, 
but  the  intrapuhnonarv  pressure  falls  from  the  rarefaction  of  the  air 
in  the  lungs,  and  the  intnitlioracic  pressure,  of  course,  falls  uithil. 
The  Origin  of  the  Negative  Pressure  in  the  Thorax.— .-Vsisevi- 
dent  from  tlie  above  cxpiiinjition,  the  fuct  that  the  pressun>  inllifl 
th(»r;LX  is  Irs.s  tfian  im  atmosplifTc  is  rjue  in  the  long  nui  tn  tin* 
circmnstance  that  the  lungs  are  smaller  than  the  thoracic  cavity 
which  they  occupy.     In  the  fetus  the  lungs  are  solid,  and  complet<l>' 
fill  the  thoracic  ca\ity,  except  for  the  jwirt  occupied  by  the  otto 
oi^ans.     It  hiis  l>een  a  question  whether  tifter  l)irth  the  size  of  the 
thoracic  ca\ity  is  suddenly  and  jx^rmanently  increased  by  the  fn:^ 
inspirator>-  movements,  and  a  negative  intmthoracie  pressure  tV^^** 
producetl  at  once.     The  careful  experiments  of  Hermann*  seen* 
have  settled   this   point.      He   proved   that   newly-lK)ni   dukl-' 
between  the  first  :m!l  the  fourth  day.  show  no  mensurablo  neea^ 
pressure  in  tlie  tliorax.  and  nl  the  eiclith  day  the  pressure  in 
thoracic  ca^ity  is  less  than  atmospheric  by  an  amount  e(]ual  to  i0 
— 0.4  mm.  Hg.     The  negative  pressure  as  we  find  it  in  the  aduf 
evidently  developed  gradually,  and  is  due  to  the  fact  that 
thorax  increases  in  size  more  rapidly  and  to  a  greater  extent  tt^ 
the  lungs,  so  that  to  fill  the  cavity  the  lungs  become  more  iiml  m« 
expanded.     It  follows,  also,  from  these  facts,  that  the  new-bc^ 
♦  Hemiaiin,  *'  Archiv  f.  d.  gesaminte  Pliysiologie, "  30, 276, 1SS3. 


W  PRESSURE  COPn)mONS  IN  LUNGS  AND  THORAX.  661 

ohild  has  practically  no  reserve  supply  of  air  in  the  lungs;  at  each 

expiration  the  lungs  are  entirely  einptieii  (except  for  the  minimal 
air).  The  ventilation  of  the  lung  alv€H>li  is  correspondingl}'  more 
perfect  than  in  older  jxTsons. 

Pnetimothoraz. — When  the  pleural  cavityon  either  si<Ie  is  opened 
by  any  means  air  enters  and  causes  a  greater  or  less  shrinkage  of 
the  corresj)oruliiig  lung.  This  cnniiition  of  air  ^-ithin  the  pleural 
ca\ity  is  designated  as  pneumothorax.  It  hs  evident  that  air  may 
enter  tlie  jjleunti  cavity  in  one  of  two  general  ways:  B\*  a  j>uncture 
of  the  jiarietal  pleura  such  as  may  ]>e  made  by  gunshot  or  stiib 
wounds  in  the  chest,  or  by  a  puncture  of  the  \iscerjd  pleura,  such  as 
may  occur,  for  example,  by  the  nipture  of  a  tul^ercle  in  pulmonary 
tulierculosis,  the  air  in  this  case  ent^*ring  from  the  alveoh  of  the 
lungs.  From  the  j)hysical  conditions  involved  it  is  evident 
that  if  the  ofx:ning  into  the  pleural  cavity  is  kept  patent  then  the 
lung  will  collapse  completely  unti  eventually  will  become  entirely 
s^>lid,  s'mce  the  small  amount  of  entra]>ped  minimal  air  will  \)e 
absorbed  by  the  bltKxl.  The  other  lung,  the  heart,  etc.,  will  also 
be  displaced  somewhat  from  their  normal  position  by  the  unusual 
pressure.  If,  however,  the  opeuing  is  clased,  then  the  air  in  the 
pleural  cavity  may  l:ie  absorlxnl  completely  by  the  circulating  blood 
and  the  lung  again  expand  as  tfc  aksorption  takes  place.  In 
hwnan  beings  pneumothorax  occurs  most  frcfiuently  in  conditions 
of  disease,  particularly  pulmonary'  tuljerculosis.  and  the  air  in  the 
thorax  is  associated  aLsfi  with  a  Hquitl  effusion,  this  combination 
l>eing  designated  sonit'limeM  as  liydropneuiuuthorax.* 

The  Aspiratory  Action  of  the  Thorax. — The  negative  pres- 
sure prevailing  in  the  thoracic  cavity  must  affect  the  origans  in  the 
mediastinal  sjiace.  The  Intrathoracic  jwrtion  of  the  esophagus, 
for  instance,  Ls  exjiosed,  at  timers  of  swallowing  at  legist,  to  a  full 
atmosphere  of  f)ressure  on  its  interior,  while  on  its  exterior  it  is  uniler 
the  diminishc<l  intrathoracic  pressure.  Tliis  difference  tends  to 
dilate  the  lui)e  and  ma>'  aid  in  the  act  of  swalkiwing.  The  main 
effect  of  the  difference  in  pressure  is  felt,  however,  uiK)n  the  flow 
of  lymph  and  hl«>od,  esi>ecially  the  latter.  The  large  veins  in  the 
neck  and  axilla  are  untJer  the  pressure  of  an  atmosphere  exerted 
through  the  skin,  and  the  same  Ls  tnie  for  the  inferior  cava  in  the 
abdomen.  But  the  suj)erior  and  inferior  cava^  and  the  right  auricle 
are  under  a  jjressure  less  than  one  atmosphere.  This  tUfference  in 
pressure  must  act  as  a  constant  favoring  condition  to  the  flow  of 
blood  to  the  heart.  Tlie  diflerence  is  markedly  increascfl  at  each 
inspiration;  so  that  at  each  such  act  there  is  an  increase  in  the 
velocity  and  volume  of  the  flow  to  the  heart, — an  effect  which  is 

♦  See  Emerson,  "Pneumothorax,"  Johns  Hopkins  Hospital  RepwrtB, 
n,  1,  1903. 
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usually  referred  to  as  the  aspiratory  action  of  the  thorax.    At  cad 
inspiration  blood  is  *'  sucked  "  from  the  extrathoracic  into  the  intn- 
thoracic  veins.     So  far  as  the  inferior  cava  is  concerned,  thiseffert 
is  augmented  by  the  simultaneous  increase  in  abdominal  preaeuw. 
For  as  the  diaphrapn  descends  it  raises  the  pressure  in  ihr  alh 
domen  as  it  lowers  the  pressure  in  the  thorax.     The  two  i&i>- 
tors  co-operate  in  forcing  more  blood  from  the  abdominal  to  Ibf 
thoracic  portion  of  the  cava.     This  aspiratory  effect  upon  therefc- 
ous  flow  to  the  heart  is  naadc  more  important  by  the  arTan|;eioent 
of  the  valves  in  the  jugular,  subclavian,  and  femoral  veins,  which,  tf 
explained  on  p.   517    facilitate  the  emptying  of  the  venoui  eu- 
tern  toward  the  heart.     There  should  be,  of  rourrie.  a  isunilv 
effect,  but  in  the  opposite  direction,  upon  the  flow  in  the  mIit- 
ies.       Each  inspiration  should  retard  the  arterial  outflr.'^   ' 
the  aorta  into  its  extrathonicic  branches.     As  a  matter  of  t 
effect  jirohalily  does  not  take  i)lace.    The  arteries  are  ; 

and  are  distended  by  a  high  internal  pressure,   so  tluii   : - 

change  of  pressure  of  three  or  four  millimeters  of  mercur>*  dmid^ 
inspiration  is  probably  incapable  of  influencing  the  c;.' *  ■  ■  ilif 
arteries,  while  it  h:is  a  distinct  efifect  upon  the  thin-^^  .lA^ 

whose  internal   pressiu^   is   very   small.     The   changes   in 
thoracic  pressure  during  respiration  must  affect  the  blo<Kl-flow 
in  the  pulmonarv'  circuit,  the  flow  from  the  right  to  the  Irft  sidf 
the  heart.    This  effe<;t  is  manifested  in  the  so-called  n 

waves  of  blood-pressure  which  may  be  discussed   bn-  ii^ 

connection. 

Respiratory  Waves  of  Blood-pressure. — When  a  rewjid  ia 
taken  of  the  lilood-pressure  the  tracing  shows  waves,  unlen  the 
respiratori'  movementa  are  very  sliallow,  which  are  synchrotr* 
the  respirator^'  movements  (see  Fig.  271).  When  the  re^; 
is  dyspneic  the  waves  of  pressure  are  very  marked.  To  aaoertau)  the 
exact  relations  of  the-se  variations  to  the  phases  of  respiration  it  ia 
necessary  to  make  simultaneous  tracings  of  blood-pressure  and 
respiration  movements  with  the  recording  i)ens  properly  suprrp<*ptl. 
In  the  dog  it  is  usually  stat^nl  that  the  blood-pressure  fails  slightly 
at  the  beginning  of  inspiration,  but  rises  during  the  rest  of  the 
act .  \^  tho  f)oginntn|^  of  expirntion  the  presj^re  fnTitinniHg  to 
rise  for  a  liinr  and  then  {n\\H  {iiirinu-  most  of  this  phas«\  On  the 
whole,  therefore,  tht-  ffTrrf  iif  io.s[>ir:iti(ni^  its  finn]  effect,  is  to  caxm 


a  rise  of  arterial  prcsyure.  while  the  effect  of  expiration  is  to  caiiPg 
a,  fall.  The  relationship  of  the  two  curves  varies  in  other  animab, 
so  that  a  general  statement  regarding  the  relationship  l)etween  the 
phase  of  respiration  and  the  change  in  blood-pressure  cannot  be 
made.  In  the  case  of  man  various  methods  have  been  emplo>'ed 
to  determine  this  relationship.     A  continuous  record  of  blood- 
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Bure  in  niJin  may  bt*  taken  hy  means  of  the  sphygmomanometer 
according  to  n  principle  first  suggested  by  Erlanger.  The  principle 
involved  is  to  set  the  pressure  in  the  cuff  on  the  outside  of  tlic  arm, 
somewhat  betow  systolic  pressure.  The  pulsations  in  the  man- 
ometer will  therefore  be  submaximal  (see  p,  504),  If  now  the  blood 
pressure  rises  the  amplitude  of  the  pulsations  will  increase,  since  the 
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Fig.  271. — Respiralory  wbvob  of  blood-pressure.  Typical  bl* io*J-pre«ure  record  aa 
taken  with  a  nierrurv  mHiionietcr:  ftp  the  b[iMj(J-vtre»Mure  record,  !»uow9  the  separate 
heart  beate  and  the  larger  rctpiralory  wavi»,  each  iiT  whir!i  cDinjiruHce  oix  to  seven  heart 
beat,-^. 


intrn-arterial  diastolic  pressure  thereby  approaches  the  extra- 
arterial  pressure.  The  reverse  of  course  happens  with  a  fail  of 
blood-pressure.  Making  use  of  this  method  it  is  found*  that  in 
some  cases  in  man  liie  blood-pressure  falls  during  inspiration  and 
rises  (luring  expiration^  while  in  other  cases  the  reverse  relation- 
ship holds. 

It   is   generally   agreed   that   this  effect  of   the   respiratory 

•Erlanger  ami  FpstcrliiiK,  "Journal  of  Experimental  Medicine."  15,  370, 
1912;  also  Snyder,  "American  Journal  of  Physiology,"  36,  430,  1915. 
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movements  on  the  artt?rial  pressure  is  due  niainly  to  mechanical 
fftctors  which  influenw  the  aniount  of  blood  (lischar>?e<l  into  the 
aorta.  The  matter  i?  difficult  to  analyze  successfully,*  but  \ht 
folIoT^ing  factors  are  the  ones  which  have  usually  been  empbiwiMl. 
At  each  ins]>iration  the  nspiratorj'  action  of  the  thorax  upoo  the 
venous  flow  to  tlie  fight  side  of  tlif  heart  is  increased,  and  i-on- 
sequently  more  Itiwxl  is  thrown  intu  the  pulmonary'  cirnihtion 
and  eventually  Into  the  left  ventricle.  This  factor  would  tend  to 
increase  the  output  of  the  heart  during  inspiration  and  tbereliy 
raise  arterial  pressure.  On  the  other  hand  the  btood-c^tadty 
of  the  lungs  is  increased  durinp;  inspiration,  owing  to  a  fitretfhinjj 
of  the  blood-capillaries  during  the  expansion  of  the  lungs,  and  ilia 
increaise  in  capacity  may  serve,  temporarily  at  least,  to  hold  badt 
the  flow  of  bloml  to  the  left  ventricle  and  thereby  cause  a  fall  of 
pressure  iluring  the  inspiration.  In  addition  to  the«e  raechani«J 
factors  there  is  a  physitilogical  element  which  enters  into  the 
problem,  namely,  the  change  in  heart-rate,  which  tends  to  aug- 
ment the  outflow  from  the  heart  during  inspiration. 

Tn  somn  inrlividii?^ Is;  flu-  In  iiH-r;>t.>  inyn-jiscs  vopy  perr-opfitilv 
tlurinfi  inspiration^  the  change  in^^ratc  taking  ijla<'o  ciuitc  pnimptly 
with  the  be^itmiog  uf  the  inspiratory  act.  I n ^theis_lhkjil)(^ 
nomcnon  jts_Ji:-^J^  markcHi,  or  is  ahspnt  ^allygytbyr.  It  has  bren 
shown  by  Frcfh'ricq  that  tliis  change  in  dogs  occurs  when  therbcst 
is  wi4lcly  oi>eno<l  and  the  respiratory  movements  can  have  oo 
mechanical  effect  upon  the  heart.  He  suggest.s,  therefore,  tliat  tb 
aceelerateii  pul^^e  during  inspiration  is  due  to  an  associated  aclinty 
in  the  nerve  centers  of  the  medulla.  When  the  inspirator}'  cinler 
discharges  its  efferent  impulses  into  the  phrenic  nerves  it  alao 
sends  impulses  by  a  sort  of  overflow  into  the  ncighlKiring  canlio- 
inhibitory  center.  This  latter  center  is,  thereby,  partially  in- 
hibited, its  tonic  effect  on  the  heart  is  diminished,  and  the  nitf  uf 
the  heart  is  increased.  The  variability  in  this  factor  in  diffi'ivut 
individuals  rnay  hi*lp  to  explain  the  fact  that  in  some  cast*:*  tl**-* 
rise  in  blood-pressure  occurs  during  tlie  phase  of  inspiration,  while 
in  others  it  coinci<ies  rather  with  the  expiration. 

•  Kor  the  older  literHturo,  see  de  Joger,  "Jounud  of  Physiolog;>',"  7.  130. 
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THE    CHEHICAL   AND   PHYSICAL    CHANGES    IN    THE 
AIR  AND  THE  BLOOD  CAUSED  BY  RESPIRATION. 

The  Inspired  and  the  Expired  Air, — The  inspired  air,  atnnos^ 
pheric  air,  varies  in  composition  in  difTerent  places.  The  essential 
constituents  from  a  physiological  staiidjjoint  are  the  oxygen, 
nitrogen,  and  carbon  dioxid.  The  new  elements — argon,  kn-pton, 
etc^iave  not  been  shown  to  liave  any  physiological  significance, 
and  are  included  with  the  nitrogen.  The  accidental  eoustituents 
of  the  air  vary  vnth  the  locality.  In  average  figures,  the  composi- 
tion of  this  air  is,  in  volujiie  i>er  cent.:  nitrogen,  79;  oxygen,  20.96; 
carbon  dioxid,  0.04.  The  expired  air  varies  in  comixisition  with 
the  depth  of  the  expiration  and,  of  course,  with  the  comiK)sition  of 
the  air  inspired.  Under  nonnal  conditions  the  expired  air  contains, 
in  volume  per  cent.:  nitrogen,  79;  oxygen,  16.02;  cari^on  dioxid, 
4.38.  In  pasang  onco  into  the  lungs  the  air,  therefore,  gains  4.34 
volumes  of  carbon  dioxid  to  each  hundred,  and  loses  4.94  volumes 
of  oxygen. 

N.  O.  CO,. 

Inspired 79  20.96  0.(M 

Expired 79  16.02  4.38 


This  table  expresses  the  main  fact  of  external  respiration:  the 
respired  air  loses  oxygen  and  gains  carbon  dioxid  and  consequently 
the  blotjd  absorbs  oxygen  and  eliminates  carbon  dioxid.  It  "vvill  be 
noted,  also,  that  the  volmne  of  oxygen  absori^fl  '«  py*>ft<f>r  tl^tn  f>iA 
volume  of  carl)on  dioxid  giyeU-Off-  'I'his  discrepancy  is  exj>]aincd 
by  the>;encral  fact  that^e  oxvKcn^fjsorbed  is  used  in  the  long  run 
to  oxidise  the  carbon  and  tilso  ttie  hydmgPTi  nf  tb£^ood;-Conse- 
quently,  while  most  ut  it  is  eliminated  in  the  expired  air  tm  carbon 
dioxid,  some  of  it  is  excreted  as  wat^r.  F*jr  the  sake  of  complete- 
ness it  may  be  stateii  that  traces  of  hydrogen  and  methane  are  also 
found  in  the  expired  air.  They  probably  originat-e  in  the  intestines 
from  fermentation  processes  antl  are  carried  off  in  solution  in  the 
blood. 
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Physical  Changes  in  the  Expired  Air. — ^The  expired  mt  h 
warmed  nearly  or  quite  to  the  body  temperature  and  is  nc&rir 
saturated  with  water  vapor.  Since,  as  a  rule,  the  air  th&t  v« 
inspire  is  much  cnoler  than  the  body  and  Ls  far  from  being  saturated 
with  water  vapor,  it  is  evident  that  the  act  of  respiration  eniiik 
upon  tlie  body  a  loss  of  heat  and  of  water.  Breathing  is,  inficl, 
one  of  the  means  by  which  the  body  temperature  is  regulated, 
although  in  man  it  is  a  snbsidiar}'  means.  In  other  animals— the 
dag,  for  instjinoe — panting  is  a  very  important  aid  in  oontroliingthf 
body  heat.  Heat  is  lost  in  respiration  not  simply  in  warming  the 
air  in  the  air  passages,  but  also  by  the  evaporation  of  water  in  the 
alveoli,  the  conversion  of  water  from  the  liquid  to  the  gaseous fom 
being  attended  by  an  absorption  of  heat.  Breathing  is  also  one 
of  the  means  by  which  the  water  contents  of  the  body  are  regulated. 
The  water  that  we  ingest  or  that  is  formed  within  the  body  ia  kept 
within  certain  limits,  and  this  regulation  is  effected  by  the  secretions 
of  urine  and  swciit  mainly,  but  in  jmrt  also  by  the  constant  lotf  of 
water  from  the  blood  as  it  j^asscs  through  the  lungs. 

The  Injurious  Effect  of  Breathing  Expired  Air— Ventili- 
tion. — It  is  generally  recognized  that  in  badly  ventilated  rooms  the 
air  acquires  a  disagreeable  odor,  perceptible  especially  immediately 
on  entering,  and  that  persons  renmining  under  such  conditJoa'*  for 
any  length  of  time  suffer  from  headache,  depression,  and  a  general 
feeling  of  uncomf ortalileness.  It  has  been  assumed ,  altbougb 
without  sufficient  proof,  that  these  effects  are  due  to  the  \-itiation  of 
the  atmosphere  by  the  expired  air.  When  the  ventilation  w  very 
imperfect  and  the  room  greatly  crowded  death  may  result,  w,  for 
instance,  in  the  historical  case  of  the  Black  Hole  of  Calcutta.  In 
extreme  cases  of  this  latter  kind  it  is  most  probable  that  sevenl 
causes  combine  to  produce  a  fatal  result.  The  conditions  are  such 
as  to  lead  to  a  ver>'  large  increase  in  carbon  dioxid  and  diminutioD 
of  oxygen  in  the  respired  air — a  result  which  carried  to  a  certun 
point  will  itself  cause  deatli;  and  in  addition  the  air  becomes 
heated  to  a  high  temperature  and  saturated  with  water  vapor, 
both  of  these  latter  conditions  preventing  loss  of  heat  fn>tn 
the  body  and  producing  a  fever  temperature.  Under  the  or- 
dinary conditions  of  life  poor  ventilation  produces  its  ob- 
viously evil  results  in  rooms  temporarily  occupied — schoola, 
churches,  lecture  rooms,  theaters,  etc., — and  it  Ls  important  to  know 
what  is  the  cause,  and  how  it  may  l>e  avoided.  On  the  basis  of  older 
work  it  Ims  been  assumed  that  there  is  pr^ent  m  the  expLred^aira 
volatile  organic  substance  whicn  %vn en  breathed  again,  poesiblv  after fl 
ha\1ng  unaergone  some  further  change,  e^xpris  a  f/^xirjlnfliienrp  The 
exil  effects  of  badly  A'eatilated  rooms  liave  l)een  attributed  mainly 


CHANOE8   IN   AIB  AND    BLOOD    IN    RESPTRATION. 


m 


to  this  supposed  substance.  The  investigations  that  have  been 
made  upon  this  substance  are,  unfortunately,  far  from  being 
conclusive.*  It  seems  to  be  clear  that,  when  the  expired  air  is 
condensed  by  passing  it  into  a  cooleil  chamber,  the  water  thus 
obtained,  about  100  c.c.  for  2500  liters  of  air»  is  clear,  odorless,  and 
has  only  a  minute  trace  of  organic  matter.  If  this  liquid  with  or 
without  condensation  is  injected  under  the  skin  or  into  the  blood- 
vessels no  evil  result  follows,  according  to  the  testimony  of  the 
majority  of  observers.  But  it  remains  possible,  of  course,  that  the 
substance  if  present  may  be  ilestroyed  by  tiiis  method  or  may  es- 
cape precipitation  in  the  condensed  water.  An  experiment  that 
wiis  supposed  to  give  a  positive  indication  of  the  existence  of  an 
organic  (basic)  puistm  in  the  expired  air  is  the  following,  first  per- 
formed by  Bro wn-Sef |uard :  A  series  of — say,  five— bottles,  each 
of  a  capacity  of  a  liter  or  more,  are  connected  together  in  train  so 
that  air  can  be  drawn  through  them  by  an  fispirator,  A  live 
mouse  is  placed  in  each  bottle,  and  between  bottles  4  and  5  an 
absorption  tube  is  arrangetl  containing  sulphuric  acid.  Under 
these  conditions  only  the  moime  in  bottle  I  gets  fresh  air,  those  in 
the  successive  bottles  get  more  and  more  impure  air,  while  in  bottle 
5  this  air  is  purified  to  the  extent  of  removing  the  organic  matter 
by  passing  it  through  sulphuric  acid.  The  result  of  such  an  ex- 
periment as  described  by  some  observers  is  that  the  mouse  in  liottle 
4  dies  after  a  certain  number  of  hours,  the  one  in  bottle  3  later, 
while  those  in  the  first  and  last  bottles  show  no  injurious  effects. 
The  obvious  conclusion  is  that  death  in  such  cases  is  due  to  some 
organic  toxic  jsubstaace,  and  not  to  a'  mere"  Increase  of  carbon 
dioxid,  chemical  analy'stt^  sbo^ving  that  this  latter  substance  does 
not  accumulate  sufficiently  under  these  conditions  to  cause  a  fatal 
result.  Some  other  obser\^ers  have  failed  tr)  get  this  effect,  but 
even  assuming  it  to  be  correct  it  will  be  note^l  that  the  experiment 
gives  no  proof  that  the  organic  substance  in  (|uestion  is  excreted 
in  the  expired  air.  Imlee<l,  the  seemingly  very  careful  experiments 
of  Formdnek  make  it  probable  that  in  these  experiments  the  toxic 
substance  is  ammonia  or  an  ammonia  compound,  which  is  not 
given  off  from  the  lungs,  Init  from  the  decomposition  of  the  urine 
and  feces  in  the  cage.  When  this  latter  source  of  contaniination 
is  removed  the  expired  air  is  practically  free  from  iuumonia  and 
without  injurious  effect.  The  expired  air,  therefore,  according  to 
work  of  this  character,  contains  no  organic  poison  which  can  be 
regarded  as  a  product  of  respiration. 

•See  Haldanp  and  Smith,  "Journal  of  Pathology  and  Bacteriology" 
1,  16R  and  :i\%  1893;  Merkol.  "Archiv  f.  Hygiene,"  15,  1,  1892;  Formdneic, 
"Arrhiv  f.  Hvgicne,"  38,  1.  1900;  Wcicharcit,  ibid,,  65.  252,  1908.  Anioea, 
"Journal  of  Exp.  Medicine,     17,  132,  1913. 
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Some  observers  (Hernmnn,  Haldane,  and  Smith)  have  nudB 
careful  experiments  iipon  men  which  also  seem  to  throw  mueh 
doviht  upon  the  existence  of  ii  toxio  substance  in  expired  air.  In- 
dividuals kept  in  a  confined  s|mce  for  a  number  of  hours  show  no  evil 
effects  except  when  the  accumulation  of  the  carlx)n  dioxid  hii 
reached  a  concentration  of  over  4  per  cent.  At  this  cunrwilmtioa 
rapid  breathing  is  apparent,  and  if  it  rises  to  10  per  cent,  grert 
distress  is  felt  and  the  face  becomes  congested  and  blue.  Th«c 
authors  conclude  tliat  expiretl  air  is  injurious  in  itself  only  from 
the  carbon  dioxid  it  contains,  and  only  when  this  gas  acrun)uiat« 
t^  a  percentage  sucli  as  is  not  found  in  the  worst  ventilat^'tl  rui«n& 
As  opposed  to  these  negative  rcsult.s,  Weichardt  report.-^'  a  serio 
of  experiments  upon  mice  in  which  the  expired  air  of  a  nunil»prof 
animals  was  pass*'d  Ihrougli  acidulatecJ  water,  and  the  latter  wm 
then  cond<*nsed  in  a  vacuum  to  a  small  vohime  and  neutraiittd 
When  injected  into  a  fresh  animal  this  material  i>rouKht  on  i 
soporific  condition,  fall  of  body  temperature,  and  diminution  in 
output  of  carbon  dioxid.  The  author  explains  these  results  on 
the  assumption  that  some  of  the  so-ciUled  fatigue-toxin  [kentH 
toxin)  is  excreted  by  way  of  the  lungs,  and  he  believes  that  the 
kno^^Ti  depressing  effects  of  poor  veutihilion  are  an  expressioaof 
the  action  of  this  substance.  His  result.s  have  not  lieen  coo- 
firmed  and,  at  present,  the  definit<^ly  known  evil  result*  of  breath- 
ing the  air  of  crowded,  poorly  ventilated  rooms  must  l>e  refitml 
to  other  possible  causes,  such  !is  the  increase  in  t^mperntuff  I 
and  moistun*.  These  two  conditions  cause  depression  and  malai*** 
even  wiien  an  adequate  supply  of  air  is  provided.  It  is  posiblc 
also,  that  the  material  given  off  from  the  skin  in  the  perspiralioiu 
sebaceous  secretions,  etc.,  may  account  sufficiently  for  the  odor 
and,  possibly,  also  for  some  of  the  gcnicnd  evil  cffei^ts^  If  ^^ 
ventilation  is  so  poor  that  the  carbon  di(»xid  accumulates  to  ihf 
extent  of  3  to  4  per  cent.,  then  this  factor  begins  to  exercise  a  <lirw:l 
efTeet  upon  the  respiratory  movement-s  and  the  general  condi- 
tion,— an  effect  which  increases  as  the  percentage  of  carbon  diowl 
rises. 

VenixLalion. — It  is  obvious  from  the  foregoing  statements  thit 
our  knowledge  is  not  yet  sufficiently  complete  to  enable  us  to  say 
jxjsitively  at  w  hat  point  air  in  a  room  becomes  injurious  to  bretitbe, 
whether  from  pixxiucts  of  expiration,  or  exhalation,  or  changes  in 
temperature  and  moisture.  The  statement  is  frequently  made  io 
the  hooks  that,  when  the  air  contains  as  mueh  as  1  per  cent,  of 
carbon  dioxid  (Sinith)  that  has  been  producer!  by  breathing,  e^il 
results,  as  judgetl  by  one's  feelings,  are  sure  to  occur,  but  the  ex- 
periments of  Haldane  and  Smith  seem  to  disprove  this  statement 
entirely. 
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Systems  of  ventilation  which  have  held  in  view  simply  the 
object  of  maintaining  the  air  at  an  approximately  nonual  com- 
position as  regarris  the  oxygen  and  the  carhou  dJoxid  have  not 
proved  entirely  satisfactory  in  practical  use,  and  prohahly  for  the 
reason  that  they  have  negk^cted  to  take  into  account  the  conditions 
as  regards  temperature  and  moisture.  Laboratory'  experiments 
tend  to  show  that  inflividuals  in  a  confined  space  may  rehreathe 
air  until  its  corniMisition  is  noticeably  altered  in  rejrard  to  the 
carbon  tiioxid  and  oxygen,  and  yet  no  tlistrcss  he  felt  if  provision 
is  ma<ie  for  avoiding  a  rise  in  tem|ierature  and  humidity,  and,  on 
the  other  hand,  rooms  may  seem  to  be  poorly  ventilated,  as  judged 
by  the  sensations,  when  the  renewal  of  air  is  sufficient  to  prevtmt 
an  obvious  change  in  itsga.seous  composition. 

The  Gases  of  the  Blood. — The  ga.ses  that  are  contained  in  the 
blood  are  oxygen,  carbon  dioxid,  and  nitrogen.  These  gases  may 
be  extracted  completely  and  in  a  condition  for  quantitative  analysis 
by  means  of  some  form  of  gas-pump.  The  principle  of  most  of  the 
gas-pumps  used  in  the  physiological  laboratories  is  the  same.  The 
apparatus  is  arranged  so  that  the  hlood  to  l>e  examined  is  brought 
into  a  vacuum  while  kept  at  the  temi>erature  of  the  Ixxly.  Under 
these  conditions  all  of  the  ox-j'gen  and  nitrogen  and  part  of  the  car- 
bon dioxid  live  given  off  and  may  be  coHceted  by  suitable  means. 
A  portion  of  the  (*arI)oii  tiioxiil  present  in  thr  Itlood  is  insunh  stable 
combination  that  to  remove  it  it  nmy  be  necessary  to  add  some 
dilute  acid,  such  us  phosphonc  acid.  This  portion  of  the  carbon 
dioxid  is  designated  in  thLs  connection  as  the  fixed  carbon  dioxid. 

The  principle  of  tho  pus  pump  nuiy  he  exfilainiNl  rnoflt  otwiW  by  dpsorihing 
the  simple  form  deviscti  by  CJri^haiit.  Tlie  est»(*ntial  parts  of  this  pump  nre 
represented  in  FJKuri?  272.  The  mercury  ]:Kimp  potitilsts  of  two  bulbs,  one 
moviibU'  (A/s,  rhp  \Ahor  fixpil  iF).  1/  may  be  riitsp<1  and  lnwrr*»(f  by  ihc  wiiid- 
Iftas  {P).  Al*ove  F,  thrre  i-*  a  lliroi—way  sloprork  im>  by  iiioinN  of  which  the 
chamber  Fnmv  I^h*  put  into  ponimunicalion  with  tht-  otitsidi*  air  by  way  of  C, 
or  with  tlie  bulb  R,  whicli  is  to  contnin  the  blrmKl,  or  nuiy  be  shut  oflf  com- 
pletely. If  .U  is  raisetl  ^o  aa  to  fill  F  entirely,  and  tlie  stopcock  m  Is  shut  off, 
then  on  loweriiijc  M  the  mercury  will  flow  iiiHi  it,  leaving  a  perfect  vacmini 
in  Fj  since  the  distance  itetween  /''  and  \f  \a  eretiter  thrui  the  barometric 
height,  If  the  sto]H"ack  m  is  turned  ho  aa  to  throw  F  into  comiaunicution 
with  B,  the  rhatnbcr  of  this  lalUTia  brought  under  the  infhi*'nc«»  of  the  vac- 
uum and  any  pjasc?*  ihnt  it  may  contain  will  !»•  disirilmtcd  between  li  and 
F.  If  atopcock  m  is  again  lurniti  off  ami  .\f  is  ruiiMt)»  the  Rawc-s  in  /''  will  be 
condensed  at  its  upper  cm! ^  and  by  luriiin>?  the  stopcock  m  propcrlv  these 
ga84^  may  be  forcml  to  ihe  oiit^sido  by  way  of  C  or  may  be  ct)llect(il,  if  de- 
sired, in  a  burette  filled  with  mercury  and  inverted  over  the  opening  from 
F  conlainei  in  the  biMtti?jv  of  C\  In  performin>i:  an  exnerimi'nt  (lu^  flask 
B,  which  id  to  coniain  the  blood,  is  cuntierfcil  with  /■',  as  shown  in  the  figure, 
all  joints  lieinp  protected  from  leakage  by  a  seal  of  water  outside,  as  shown 
at  h,  wliich  repret*ents  a  piece  of  wiiJe  rublwr  tubinij;  filletl  with  water  so  as 
protect  ft  joint  between  twr*  piei-ers  of  glass  tubing.  B  is  next  exhausted 
npletely  by  raiding  and  lowering  M  a  number  of  times  in  the  wav  describdJ 
ove  until  uu  throwing  B  into  commuuicution  vvitii  a  vacuum  lu  /**  no  further 
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^as  is  ^ven  off.  The  IilsI  particles  of  air  may  he  driven  out  from  ^  by  bid- 
ing ft  little  water  in  it.  Alter  u  coniplete  vacuum  has  beon  estjibUsbed  otB 
a  measured  utnount  of  blooii  is  introduced  from  h  ^aduat«i  syrin^^S.u 
represeatiMi  in  Ihtr  figure.  This  !>1*mkJ  nmst  be  taken  directly  from  tJw?  tokIi 
of  the  animal  ami  be  introduce<l  into  H  at  once.    B  is  kept  ioimervcxl  inini<r 


-«X. 


Fie.  272. — Qui   pump  for  extTBctiiic  tbr  gnMeti  of  bloml  (Orifutnt)      \f  nn<t   P.  Md 
neavere;  P,  wiDtilAas  for  rnisinK  und  lowcrinx  M;  m,  a  LhnM^way  i<t«M' 
MaI  of  Uicrniry  or  wait-r;    C,  h  ruu   with    mercury  over  whicb  tlie    n-' 
plaocd  to  rollct-t  the  KB«*w;  0.  the  bulb  io  which,  After  a  varuitni  in  tu  i 
dufod  by  the  grmliinte^  nyriiutf .  4S.     By  uie&na  of  Ihe  Htop^^-ock  m  the  vn.  l.  , 
the  f»ll  of  the  merfury,  cnn  be  plare-d  id  ronimuniratioa  with  B,    After  tf.'   n. 
over  into  F,  M  '%»  rat»eil,  and  when  the  atop-oock  m  is  propo'ly  lunie«i  thr><-  g 
out  through  C  into  the  receiving  tubr.    The  0|         '      ' 
off  from  B. 


'T    « 

ntr^ 

■  r-    'iriw« 
operattOQ  \m  r«peftt«d  until  no  more  vm  »  g^rm 


at  the  temperature  of  the  body,  and  the  bulb  M  \»  now  raised  &nd  lowered  m 
number  of  times  bo  that  the  ga-^^e^i  given  ufl  from  the  blood  are  drawn  over 
into  F  and  then  by  proner  manipulation  of  the  stop-cock  are  drivnn  into 
a  burette  fastened  over  the  opetunc:  of  the  tube  in  C.  To  drive  off  all  of  tha 
carbon  dioxid  a  little  dilute  pho&nhoric  acid  must  be  added  to  the  blood  in 
B  by  means  of  the  syringe,  5,  The  gases  thus  collected  into  the  burette  are 
first  nieaj«urc<l  and  are  then  analyzed  for  the  three  important  coastitueou 
by  some  of  the  accepted  gusometric  methods.    The  principle  involved  '\&  to 
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absorb  firat  fmiri  Ihe  mixturr  all  of  the  CO3  by  introducing  a  Holution  of  sodium 
or  potaesiuni  hydrate.  The  reading  of  the  voluiiio  left  after  this  abf>onjtion 
is  completed  eonmared  with  the  first  remUug  given  the  volume  of  CO^  5iext, 
a  fre:;luy  made  alKaliue  evolution  of  pyrogaUic  a4;id  in  iiiLroduced  iiilo  the  tube. 
This  solution  absorbs  all  of  the  oxygen,  whose  votumelsthus  easily  determined. 
The  ga3  that  is  left  unabsorWI  after  the  action  of  the^e  two  solutions  ia  nitro- 
gen. The  volumes  of  ga^<»  are  reduced,  as  is  the  custom,  to  miit  pressure 
and  temperature, — that  is,  to  zero  degree  centigrade  and  70O  mms,  barometric 
presE<ure.  A  correction  must  a\so  be  matle  for  the  tension  or  preAnure  exerted 
bv  the  a<{uecus  va|>i>r  in  the  gasea.  These  corrections  are  made  by  lueaoa 
OE  the  foUox^iug  fonnula: 

V(B— T) 


V^r 


760  X  CI  +  0.003665 1) 


I 


in  wliichT' represents  the  correctetl  volume,  V  the  volume  actually  observed, 
B  the  barometric  height  at  the  time  and  place  of  the  obecn'ation^  T 
the  aqueous  tension  at  the  temperature  of  the  readingj  and  t  the  t€m|»rature 
in  de^<eea  centigrade. 

Determination  of  the  Oxygen  by  the.  Potwisium  Ferricyanidc  AfethotL — For 
the  detormitmtion  of  the  oxvgen  in  .small  quantities  of  blood  a  convenient 
method  has  bcM'n  intrudvicotl  by  Haldane 
which  is  appUcubU'  for  clinical  as  vvhH  els 
experimental  pur[K):!((\H.  The  j>riiicip]e  of 
the  method  con-nisis  in  first  Inking  the  blood 
with  ammonia  :irid  then  adding  a  siUiition 
of  ix»tik*sium  ferricyanidc.  A  reaction  en- 
sues in  which  oxygen  U  given  off  in  an 
amount  identical  with  that  tibtained  by 
submitting  the  blood  to  a  vacuum.  This 
method  ha-s  found  its  imjsl  oonvcriieni  ajH 
plirjition  in  the  Hjircrnff,  appj*niliiH  (Kig- 
273),  in  which  the  vohjme  of  \i.n^  libenited 
is  cjdculated  from  iho  pressure  change 
cauited  in  a  different  ml  iiumometcr.  The 
manometer  {M)  is  a  U-tube,  pro\'idcd  above 
with  stopcockM  through  which  coinmunica- 
tion  may  be  made  with  the  outside  uir.  and 
eoonected  with  two  iieur-.shapetl  bottles  in 
which  the  bltKnl  to  be  analysed  is  placed. 
The  manometer  eontiuns  also  a  central  lube 
{A)  through  which  the  two  limbti  of  the 
m&Dometer  may  be  filled  with  clove  oil  to 
a  certain  height  al)i>ut  half  way  up  the 
tubes.  In  making  u  determination  the  atop- 
cocks  are  left  open,  and  in  ench  of  the  pear- 
shaped  bottles  one  places  1  c.c.  of  blood 
and  2  c.c.  of  dilute  ammonia.  The  at>pa- 
ratas  is  thoroughly  shaken  to  lake  the 
blood,  and  then  on  one  side  a  liUle  of  a 
saturatwl  t*oiution  of  p(»tiiR»(ium  ferricyanide 
is  pUocd  in  a  .*<peciiii  receptacle  in  the  stop- 
per of  one  of  the  pear-shaptnl  bottles.  The 
stoppers  are  inwrted,  the  stopcocks  are 
closed,  and  then  by  turning  the  bottle  the 
ferricyanide  is  allowed  to  mix  with  the 
blood  on  its  side.    Oxyg<?n  in  given  off,  and 

the  prcaaurc  cau-sed  by  it  ia  indicatwl  by  the  difference  in  level  of  the  clove 
oil  in  the  two  limbs  of  the  imanometer.  From  thin  pressure  tliffrrence  the 
volume  of  the  gas  is  given  by  the  ffirmnla  x  =  fc  p,  in  which  x  Is  the  volume 
of  the  oxygen  gas  in  cubic  millimeters,  p  is  the  pressure  difference  shown  by 
the  manometer,  and  k  is  a  constant.  Before  using  the  apparatus  the  value 
of  k  ratist  be  determined  experimentally  by  liberating  a  Icnown  volume  of 


Fig.  273  — Diflerentiftl  tnaaomeler 
for  o]t>'Kpn  detenniaatlon  in  blood: 
Af,  Thr  munometer  cootainiiiK  cloi^ 
oil;  A,  ihc  cenlral  tubp  used  10  G.U  M 
with  tbp  clovB  (jil.  Thp  maavmexer 
communiratPfl  atM>vp  with  th(*  two 
prar-shapvtl  flanks  iu  which  thr  npeci- 
mrnH  uf  nluwl  iirr  plfircd,  and  in  une 
uf  which  the  otygeu  is  libt* rated  by  the 
action  of  lhL>  |>ota»aimn  kTricyaniclo. 
(See  text  for  titrschpiian  of  the  uit-thud 
of  uaiuc)      (Barcra/t  and  RoberU.) 
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oxygen  gas  and  determining  the  pressure  difPerenoe  produced.  For  thii  pi»> 
pose  pure  H|Ot  is  used,  and  the  oxygen  is  Liberated  by  the  addition  of  a  aohuioB 
of  potassium  permanganate.    In  this  case  x  and  p  are  known  and  k  naybe 

calculated,    k  —  — .    For  technical  details  consult  Barcroftr  "The  ReaiunUx; 

Function  of  the  Blood,"  1914  (Appendix). 

By  means  of  such  methods  the  gases  in  the  blood  have  been  (b- 
termined.  The  quantities  vary  somewhat,  of  course,  with  the  con- 
dition of  the  animal  and  with  the  species  of  animal.  In  a  quiek 
analysis  of  dogs'  arterial  blood  n:iade  by  Pfliiger  the  foUowiDg 
figures  were  obtained  reckoned  in  volumes  per  cent.:  O,  22.6;  00^ 
34.3;  N,  1.8.  In  this  case  each  100  c.c.  of  arterial  blood  contuiied 
22.6  c.c.  of  0  and  34.3  c.c.  of  CO,  measured  at  O**  C.  and  760  miM. 
Hg.  An  analysis  of  human  blood  (Setschenow)  gave  closely  simSar 
figures;  0,  21.6  per  cent.;  CO,,  40.3  per  cent.;  and  N,  1.6  percent 
When  the  arterial  and  the  venous  bloods  are  compared  it  is  found 
that  the  venous  blood  has  more  carbon  dioxid  and  less  oxygen. 
Average  figures  showing  the  difference  in  composition  are  as  foUowK 

O.  CO^  N. 

Arterial  blood 20  38  1.7 

Venous  blood 12  45  1.7 

Diflference .8  7  0 

The  actual  amounts  of  oxygen  and  carbon  dioxid  in  the  tcdow 
blood  vary  with  the  nutritive  activity  of  the  tissues,  and  differ 
therefore  in  the  various  organs  according  to  the  state  of  activity  of 
each  organ  in  relation  to  the  volume  of  its  blood  supply.  Tto 
point  is  well  illustrated  by  some  analyses  made  by  Hill  and  Nft* 
barro  *  of  the  gases  in  the  venous  blood  from  the  brain  and  the 
muscles,  respectively.  Their  average  results  when  both  tissuei 
were  at  rest  were  as  follows: 

OxTOBN.  Carbon  Dioxd. 

Venous  blood  from  limbs  (femoral). . . .  6,34  per  cent.        45.75  percent 
"  "         "     brain  (torcular)  ...13.49     "      **  41.65    "    * 

It  will  be  seen  that  under  similar  conditions  there  is  much  IcfiS 
oxygen  used  and  carbon  dioxid  formed  in  the  brain  than  in  the 
limbs  (muscles).  In  the  former  organ  the  physiological  oxidationi 
must  either  be  small  compared  with  those  of  the  muscles,  or  the 
brain  tissues  receive  a  relatively  ample  supply  of  blood,  so  that  the 
tissue  metabolism  has  less  effect  upon  the  blood  composition.  The 
venous  blood  as  it  comes  to  the  lungs  is  a  mixture  of  bloods  from 
different  organs,  and  its  composition  in  gases  will  be  constant  only 
when  tlie  conditions  of  the  body  are  kept  uniform.  Much  work 
has  been  done  in  physiologj^  to  determine  the  condition  in  vhich 
these  various  gases  are  held  in  the  blood.  The  results  obtained 
show  that  they  are  hold  in  small  part  in  solution,  but  mainly  in 
•  HiU  and  Nabarro,  ''Journal  of  Physiology,"  IS,  218,  1895. 


CHAN01»   IN   AIR   AND    BLOOD    IN    RBSPIRATTON, 


673 


chemical  combination.  To  understand  the  part  played  by  each 
factor  and  the  conditions  that  control  the  exchange  of  gases  in 
the  lun^  and  tissues  it  is  necessary  to  recall  some  facts  regarding 
the  physical  and  chemical  proi)ertie8  of  gases. 

The  Pressure  of  Gases  and  the  Terms  Expressing  these 
Pressures. — The  air  around  us  exists  under  a  pressure  of  one 
atmosphere  and  this  pressure  is  expressed  usually  in  terms  of  the 
height  of  a  column  of  mercuiT  that  it  will  support,^namely,  a 
column  of  760  mnis.  Hg.  which  is  known  as  the  nornial  barometric 
pressure  at  sea-level.  Air  Is  a  mixture  of  gases,  and  according  to  the 
mec^hanical  theory  of  gas-pressure  each  constituent  exerts  a  pressure 
corresponding  to  the  proportion  of  that  gas  present.  In  atmospheric 
air,  therefore,  the  oxygen,  heing  present  lu  the  extent  of  20  per 
cent.,  exerts  a  pressure  of  4^  of  an  atmoaphere  or  ^  •  760  =^  152 
mms.  Hg.  When  we  speak  of  one  atmosphere  of  gas  pressure, 
therefore,  we  mean  a  pressure  equivalent  to  760  mms.  Hg,  and  in 
any  given  mixture  the  pressure  exerted  by  any  constituent  may 
be  expressed  in  percentages  or  fractions  of  an  atmosphere,  or  in  the 
equivalent  height  of  tlie  mercury  uolunin  which  it  wilt  support. 

Absorption  of  Gases  in  Liquids. — When  a  gas  is  brought  into 
contact  with  a  liqtud  with  wliich  it  does  not  react  chemically  a 
certain  number  of  the  mo\ing  gaseous  molecules  pcnetnite  the 
liquid  and  become  dissolved.  Some  of  these  dissolved  moh^'ules 
escape  from  the  water  from  time  to  tune,  again  becoming 
gaseous.  It  is  evident,  however,  that  if  a  liquid,  w^ater,  is  brought 
into  contact  with  a  gas  under  definite  pressure, — that  is^  containing 
a  definite  number  of  molecules  to  a  unit  volume, — an  equilibrium 
will  be  established.  A.h  many  molecules  will  penetrate  the  liquid 
in  a  given  time  as  escape  from  it,  and  tlie  liquid  will  hold  a  definite 
numl)er  of  the  gas  molecules  in  solution;  it  will  be  saturated  for 
that  pressure  of  gas.  If  the  pressure  of  tlie  gas  is  increased,  how- 
ever, an  equilibrium  will  be  established  at  a  higher  level  and  more 
molecules  of  gits  will  l>e  dissolved  in  the  liquid.  Experiments  have 
shown,  in  accordance  with  this  mechanical  conception,  that  the 
amount  of  a  iiiven  gas  dissolved  by  a  given  liquid  varies,  the  temper- 
ature  remaining  the  .same,  directly  with  the  pressure. — (hut  is.  it  ni- 
ircases  and  decreases  proportionally  with  the  rise  and  fall  oT  the 
gas  pressure.  This  is  the  law  of  Henry.  On  the  other  hand. 
t%  fipiniintr  of  p;:is  dissolved  by  a  liqviid  varies  inversely  with  the 
tempera tu_re.  It  follows,  also,  from  the  same  mechanical  views 
Ihat  in  a  mixture  of  gases  each  gas  is  dissolved  in  i>ropQrtion 
to  the  pressure  that  it  exerts,  and  not  in  proportion  to  the  i}resaure 
of  the  mixture.  Air  consists^  in  round  numbers,  of  4  parts  of  iN  and 
rpart  of  O.  Consequently,  when  a  volume  of  water  Ls  exposed  to 
the  air  the  oxygen  is  dissolved  according  to  its  "partial  pressure," 
43 
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— that  is,  under  a  pressure  of  i  of  an  atmosphere  (152  mms.  Hg). 
The  water  ^"ill  contain  only  \  as  much  oxj'gen  as  it  would  if  exixjeed 
to  a  fuU  atmosphere  of  oxygen — that  is,  to  pure  oxj'gen.  And,  on 
the  other  hand,  if  water  has  f>een  saturat^-d  with  oxygen  at  one 
atmosphere  (760  imns.)  of  pressure  and  is  then  exposed  to  aii. 
four-fifths  of  the  dissolved  oxygen  will  be  given  off,  since  the  preaBure 
of  the  surrounding  oxygen  has  l>een  diniinished  that  much.  .4^ 
sorpt ion  coijj'wknt .  By  this  term  is  me^nt  the  number  that  ex- 
presses the  j>r(>portion  ofpas  dissolved  in  a  unit  volume  of  the  linmd 
underj2P^  iitcitii^phnn*  nf  pr^ffur^  The  absorption  coefficient  will 
vans  of  course,  with  the  temperature.  The  gases  that  interest  us 
in  this  connection  are  oxygen,  nitrogen,  and  carbon  choxid,  Tlie 
al>sorption  coefficients  of  these  gases  for  the  blood  at  the  tempcfv 
ture  of  the  body  are  as  follows:  O.  0.0262;  N.  0.0130;  CO,,  0.52S3* 
That  is,  1  c.c.  of  blood  at  body  temperature  dissolves  0.0262  of 
1  c.c.  of  oxygen  if  exposed  to  an  atmosphere  of  pure  oxygen,  and 
so  on.  The  solubility  of  the  C<  )j  is  therefore  twenty  times  as  pwt 
as  that  of  ox>^gen.  Accepting  these  figures,  we  may  calculate  bow 
much  of  these  three  gases  can  be  held  in  the  arterial  blood  in  physical 
solution,  provided  we  know  the  pressure  of  the  gases  in  the  alveoli 
of  the  lungs.  The  comixisition  of  the  alveolar  air  will  l)e  discusBed 
farther  on,  but  we  may  assume  at  present  that  it  contains  80  per 
rent,  of  nitrogen,  16  per  rent,  of  oxj'gcn,  and  5  per  cent,  of  carbon 
dioxid.  In  100  c.c,  of  blood,  therefore,  the  follomng  amounts  of 
these  gases  should  be  held  in  solution: 

Nitrogen 100  X  0  013    X  0.80  =  1.04    c.c. 

Oxygen 100  X  00262  X  0.15  =  0.393   " 

Carlwn  dioxid 100  X  0.6283  X  0.05  =  2.64     " 

As  will  be  seen  from  the  analyses  given  above  of  the  actual  amounu 
of  these  gases  obtJiined  from  the  !>lood,  the  nitrogen  alone  is  present 
in  quantities  corresixmding  to  what  would  be  expected  if  it  is 
held  in  simple  physical  solution. 

The  Tension  or  Pressure  of  Gases  in  Solution  or  Combi- 
nation.— When  a  gos  is  held  in  solution  the  equilibriimi  is  (i^ 
struyed  if  the  pressure  uf  this  gas  in  the  surrounihng  medium  or 
atmosphere  is  changed.  If  this  pressure  is  increased  the  liquid 
takes  up  more  of  the  gas,  and  an  equilibriiun  is  established  at  a 
higher  level.  If  the  pressure  is  decreased  the  hquid  gives  off  J 
some  of  the  ga.s.  The  pressure  of  the  gas  in  the  surroundin)!  i»t' 
mosphere  at  which  tH]uilihrium  i.s  established  measures  the  tension 
of  the  gas  in  the  litjuid  at  that  time.  Thus,  when  a  bowl  of  water  is 
exposed  to  the  air  the  tension  of  the  oxygen  in  solution  is  152  nuns* 

*  As  given  by  Bohr,  the  absoiption  coeffiri<»ntA  of  these  throe  gue*  »* 
40^  C.  are  a«  follows:   Oxygen.  0.0231;  nitrogen,  0.0118;  carbon  dioxid,  Oi^a 
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Hg;  that  of  the  nitrojcon  is  608  mms.  Hg,  If  the  same  water  is 
exposeci  to  pure  oxygen  the  tension  of  the  oxygen  in  solution  is 
oqiiai  to  760  nuns.  H^,  while  that  of  the  nitrogen  sinks  to  zero  if 
the  giiA  thiit  is  given  off  from  the  water  is  removed.  With^om- 
pouadn  sueh^as  oxyheniogU)hia  the  teiision  under  which  the  oxy- 
gen  ia  held  is  mea.sure<i  by  the  pre-saure  of  the  gaa  ig  the  sur- 
rounding? atmosphere  at  which  the 
c"omp<iuud  iieither  takes  up  nor 
gives  ofT  oxygen.  If,  therefore,  it 
isTnecessary  to  determine  the  ten- 
sion of  any  gas  held  in  sohition 
or  in  dis."<oci;d>le  <^)mlniiation  it  ia 
sufficient  to  determine  the  per- 
centage of  that  gas  in  the  sur- 
rounding atmosphere  and  thus 
aseertain  the  partial  pressure  that 
it  exerts.  If  the  atmt)sphere  eon- 
tains  5  per  cent,  of  a  ^veu  gas 
the  partial  pressure  exerted  by  it 
is  equal  to  38  nims.  Hg,  (7(iOX 
0.05),  and  this  figure  expresses  the 
tension  under  which  the  gas  is 
held  in  sohition  or  combination  in 
a  liquid  exposed  to  sueh  an  atmos- 
phere. As  regards  the  tension  of 
the  gases  in  arterial  and  venous 
blood,  this  prueedure  is,  of  course, 
not  possible,  since  the  blood  is 
surrounded,  not  by  an  atmosphere 
whose  composition  can  b<*  anal- 
yzeii,  hut  by  the  litpiitJs  of  the 
IxKiy,  the  lymph  and  cell  juices. 
To  determine  the  tension  of  the 
gase^  in  the  blood  it  is  necessary 
to  remove  the  blood  from  the 
vessels  and  bring  it  into  contact 
with  an  atmosphere  containing  a 
kn<iwn  (juantity  of  O,  CO2,  or  N, 
acconiing  to  the  gas  to  be  meas- 

urt^l.  By  trial  an  atmosphere  can  be  obtained  in  which  this  gas 
is  eontainetl  in  amounts  such  that  there  is  no  marked  increase  or 
decrease  in  quantity  after  standing  in  diffusion  relations  with  the 
blood.  The  p<'rcentage  of  the  gas  in  the  atmosphere  chosen  will 
meiisure  the  tension  of  that  gas  in  the  blood.  An  instrument 
which  has  been  much  used  for  such  determinations  is  represented 


Fiff.  274. — DUsmn  to  ahow  the 
principle  uf  the  aerutonometer:  .4,  Tba 
tuhe  cnntaininic  a  knovm  mixture  of 
gaets,  O.  COj.  N :  C,  the  oiit^tide  jacket 
for  tnoinlainitiK  n  rciiiAtnnt  body  tern* 
pereture.  Wlien  ^tojiccNck  6  ia  oiien 
the  bIcKKi  trickles  down  the  "idea  of  A 
and  entere  Into  difliuion  relatinn--?  with 
the  contained  gaees.  Alter  equilibrium 
ia  reached  the  stopcock  o  i»  cluseti  and 
a  is  opened.  By  mean^  of  the  mer- 
cury bulb  the  gases  can  then  be  forced 
out  of  A  into  s  suitable  receiver  for 
aofUysiA. 
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diagrammatically  in  Fig.  274.  It  is  known  as  a  tonometer  or 
aerotonometer  (Pfliiger).  It  consists  of  a  tube  (A)  which  can  be 
connected  through  b  directly  with  the  blood-vessels.  This  tube  A 
is  surrounded  by  a  jacket  (C)  containing  warm  water,  so  that  tbe 
blood  may  be  kept  at  the  body  temperature  during  the  experi- 
m^it.  A  is  first  completely  filled  with  mercury  from  the  bulb  M 
to  drive  out  the  air.  An  atmosphere  of  known  composition  is 
then  sucked  into  A  by  dropping  the  bulb.  Blood  is  allowed  to 
flow  into  A  through  the  stopcock  b  and  to  trickle  down  the  ades 
of  the  tube.  Diffusion  relations  are  set  up  between  the  blood 
and  the  known  atmosphere,  and  after  equilibrium  has  been  estab- 
lished the  gas  is  driven  out  through  a  into  a  convenient  recei\'ff 
and  analyzed.  If  two  aerotonometers  are  used,  one  containiog 
the  gas  at  somewhat  higher  pressure  than  that  expected,  and  the 
other  at  a  somewhat  lower  pressure,  an  average  result  is  obtained 
which  expresses  with  sufficient  accuracy  the  pressure  of  the  giveo 
gas  in  the  blood.* 

It  is  important  not  to  confuse  the  tension  at  which  a  gas  b  held 
in  a  liquid  with  the  volume  of  the  gas  in  solution.  Thus,  blood 
exposed  to  the  air  contains  its  oxygen  under  a  tension  of  152  rnms. 
Hg,  but  the  amount  of  oxygen  is  equal  to  20  volumes  per  cent. 
Water  exposed  to  the  air  contains  its  oxygen  under  the  same 
tension,  but  the  amount  of  gas  in  solution  is  less  than  1  volume 
per  cent.  Tensions  of  gases  in  liquids  are  expressed  either  in  per- 
centages of  an  atmosphere  or  in  millimeters  of  me^cu^>^  Thus,  the 
tension  of  oxygen  in  arterial  blood  is  found  to  be  equal  to  about 
13  per  cent,  of  an  atmosphere  or  100  mms.  Hg.  (760  X  0.13). 

The  Condition  and  Significance  of  the  Nitrogen. — We  may 
accept  the  view  that  the  nitrogen  of  the  blood  is  held  in  physical 
solution.  The  amount  present  corresponds  with  this  view,  and, 
moreover,  it  is  found  that  the  quantity  varies  directly  with  the 
pressure  in  accordance  with  the  law  given  above.  If  an  animal 
is  permitted  to  breathe  an  atmosphere  of  oxygen  and  hydrogen 
the  nitrogen  disappears  from  the  bloo<l,  and  when  ordinarj'  air  is 
breathed  the  nitrogen  contents  of  the  arterial  and  venous  bloods 
exhibit  no  constant  difference  in  quantity.  It  seems  certain,  there- 
fore, that  the  nitrogen  plays  no  direct  r61e  in  the  physiological  pro- 
cesses. It  is  absorbecl  by  the  blood  in  proportion  to  its  partial 
pressure  in  the  alveoli  of  the  lungs  and  circulates  in  the  blood  in 
small  amounts  without  exerting  any  immediate  influence  ujwn  the 
tissues. 

Condition  of  Oxygen  in  the  Blood. — ^That  the  oxygen  is  not 
held  in  the  blood  merely  in  solution  is  indicated,  in  the  first  place, 

*  For  description  of  more  modem  inntruments,  see  Tigerstedt,  "Hantlbuch 
d.  physiologischen  Mothodik,"  vol.  ii.,  1911. 
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■  by  the  lai^e  quantity  present  and,  in  the  second  place,  by  the  fact 
I  that  this  quantity  does  not  var>'  directly  with  the  pressure  in  the 
I      surrounding  medium.     It  is  definitely  known  tliat  by  far  the  largest 

■  portion  of  the  oxygen  is  held  in  chemical  combination  with  the 
I      hemoglobin  of  the  red  corpuscles,  while  a  much  smaller  portion, 

■  varying  with  the  pressure,  is  held  in  solution  in  the  plasma.  The 
I  compound  oxyhemoglobin  possesses  the  important  nropertv  tHaT 
I      wheii^  the  prewiure  of  oxygen  in  the  surrnundlnf:  i^icdium  fulls  suffi- 

cienllxitbegina-to  ^hssnr  i»if>  nnrl  f^-^f;  f^xypen  is  t;iy^n  off,     'i^he  proc- 

teBS  of  dissociation  is  facilitated  also  by  increase  of  temperature, 
provided,  of  course,  that  it  does  not  rise  to  the  point  of  coagulating 
the  hemoglobin.  The  amount  of  dissociation  that  takes  place  under 
different  pressures  of  oxygen  in  the  surrounding  medium  has  l>een 
studied  both  for  solutions  of  pure  hemoglobin*  am!  for  dcfibrinated 
blood,  t  It  would  seem  from  this  work  that  tlie  compound 
between  oxygen  and  hemoglobin  is  more  easily  dissociated  when  the 
hemoglobin  is  in  its  natural  condition  in  the  corpuscles  than  when  it 
has  been  cr}\stallizcd  out  an<l  <thtained  in  pure  solutions.  The  re- 
sults that  have  l>een  obtained  from  experiments  u]xjn  defiltrinated 
blood  probably  represent,  therefore,  more  nearly  the  conditions 
of  <lissociation  in  the  body.  The  results  obtained  by  Bohr  are 
indicated  in  the  curve  of  {lissociation  shown  in  Fig.  275,  obtained 
from  experiments  <m  dog's  bluod.  At  a  pressure  of  oxygen  of 
152  ninis, — that  is,  when  expased  to  ordinarv  air — the  hemoglobin 
is  nearly  or  completely  saturated  w^ith  oxygen.  If  the  oxygen 
pressure  is  increasetl.^if,  for  instance,  the  blood  is  exfx>sed  to  pure 
oxygen  (pressure,  760  mms.), — no  niore  oxygen  is  combined 
chemically  by  the  hemoglobin.  Additional  oxygen  will  lie  taken 
up  by  the  blood,  but  only  in  so  far  as  it  can  pass  into  solution  in  the 
blood-plasjna.  Oxygen  thus  dissolved  in  the  blood-plasma  obeys 
the  physical  law  of  solution,  an<l  will  be  at  once  given  off  when  the 
oxygen  pressure  of  the  surrounding  medium  is  lowered.  If  the 
pressure  of  oxygen  falls  below  that  of  the  air  (15*2  turns.)  the  chemi- 
cally combined  oxyhemoglobin  begins  to  di^isociate  slowly  at  first, 
but  as  the  pre&sure  falls  below  70  mms,  the  dissociation  becomes 
much  moi-e  rapid,  and  the  oxygen  thus  iiberate<l  from  chemical 
combination  is  from  a  quantitative  stantlpoint  much  more  impor- 
tant than  that  freed  from  solution  in  the  plasma.  This,  in  fact, 
is  the  process  that  takes  place  as  the  blood  circulates  through  the 
tissues.  The  arterial  blood  enters  the  capillaries  with  its  hemo- 
globin nearly  saturated  with  oxygen, — about  19  c.c.  to  each  10()  c.c. 
of  blood.  After  it  leaves  the  capillaries  the  venous  blood  contains 
only  alx)ut  12  volumes  of  oxygen  to  each  100  c.c.  of  blood.     In  the 

♦  HQfner,  "  Archiv  f.  PhyKiologie,"  suppl.  volume,  1901.  p.  213. 
t  Locwy,  "Archiv  f.  Physiologie,"  1904,  p.  245. 
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^^H        piiRsnpe  of  the  capillaries,  which  takes  only  alKiut  one  second,  the      H 
^^^H        blood  loses,  therefore,  alwut  35  per  cent,  or  more  of  its  oxygen.       ^M 
^^^M         The  pliysical  theory  of  respiration  furnishes  data  to  show  that  this       H 
^^^H         loss  is  due  to  n  dissociation  of  the  ox3'heraogh>hin,  o\nn^  to  the  fact        H 
^^H         that  in  passing  through  the  capillaries  the  blood  is  brought  into        H 
^^H         exchange   with   a   surrounding   medium — lyraph,    cell    liquid — in        H 
^^H        which  the  oxygen  pressure  is  very  low.     An  additional  fact  of  im-       H 
^^H         portanee   in   this  connection   is  shown   by   the   curves   produce*]        H 
^^H        in  Fig.  275.     In  the  tissues  where  the  oxyhen*oglobin  umiergoes       H 
^^H        dissociation  with  tlie  liU*ration  of  oxygen,  and  in  the  lungs  where       H 
^^H        the  hemoglobin  takes  up  oxygen  from  the  alveolar  air,  the  blootl       H 
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a  medium  containing  both  ox>'gen  am 
iry  ex|x*riments  show  that  the  present 
Huences  the  dissociation  curve  in  the 
igure.    At  a  carl>on  dioxid  pressure  equi 
ar  air  (40  ninis.)  it  will  l)e  noticed  that  t 

at  any  given  pressure  of  oxygen,  30  n 
'gen  will  be  held  by  the  hemoglobin,  or 
n  of  the  hemoglobin  with  oxygen  will  1 
n  the  reaction  of  the  blood  toward  the  t 
<ignated  in  medicine  as  acidosis,  will  b< 
lar  lowering  of  the  eur\'e  of  dissociation 
capacity  of  the  hemoglobin  for  oxygen 
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pressures  below  the  saturation  point.     In  determining  the  actual           ^M 
dissociation  eurv'c  of  the  blood  in  man  it  is  desiraljlc,  tlierefore,            ^M 
to  obtain  tlic  figures  expressing  the  |iercentage  .saturation  of  the            ^M 
hemoglobin  in  atniospheres  fonlaining  carlxnx  tiioxid  in  amounts            ^M 
equal  to  that  found  in  the  alveolar  air  of  the  individual  examined.            ^M 
In  Fig.  275  o  a  dissociation  curve  for  human  blood  is  given  in            H 
which  this  factor  Wiis  considered.     The  curve  shows  also,  in  the            ^^ 
thickness  of  the  line,  the  hidividual  variations  that  may  be  ex-            ^M 
pected  in   the  bloods  of  nonnal   persons.     For  example,  at  an            ^M 
oxygen  pressure  of  4U  mms.  the  jx^rcentage  saturation  of  the  heino-            ^M 
globin  for  oxygen  varies  between  70  and  78  or  79.     For  a  blood           ^^ 
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of  the  Carbon  Dioxid  in  the  Blood.— Tl 
'  carbon  dioxid  is  held  in  the  blood  is 

It  has  long  Ijeen  recognized  that  a  c< 
4  helf]  in  simple  physical  solution  in  the 
sdes,  and  that  a  certain  additional  am 

roft,  ''The  Respiratory  Function  of  the  Blood/' 
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larger  than  the  preceding,  is  c-hemically  combined  with  the 
alkali  of  the  blood  a«  a  carbonate,  most  probably  as  a  bicarbonate 
.  (HNaCOa).  Other  facts  t^nd  to  show  that  the  available  alkali 
of  the  blood  in  combination  its  carbonate  or  phosphate  is  not 
sufficient  to  cimibine  with  the  quantity  of  carbon  dioxid  normally 
present.  In  recent  years  an  additional  possibility  has  Ijeen  sug- 
geat<?d  by  the  discovery  (Bohr)  that  carbon  dioxid  forms  a  disso- 
ciable compound  with  hemoglobin  (p.  429),  and  the  probability 
that  a  similar  compound  may  be  fonned  with  the  proteins  of  the 
plasma.  Acceptinp:  thifi  suggestion  it  would  seem  that  Ihe  carbon 
dioxid  exists  in  the  blood  in  three  fomis.  The  amounts  pre^nt 
in  each  form  is  estimated  by  Loewy*  as  follows:  In  each  100  c,c. 
of  arterial  blood,  containing  normally  40  volume  per  cent,  of 
carbon  dioxid,  there  is 

Phyeically  absorbed  in  plasmn  and  corpusclea 1^  per  cent. 

Held  a.  sodium  bicarbonate  {  ^  l^^f -; ;  '  ^  }  .  .  18.8    "       •' 

Held  in  organic  combination  -J  J"  p3«m '^*  "  "  118  }  " "  ^^'^    "       " 

When  serum  or  plasma  is  exposed  to  a  vacuum  at  body  tem- 
perature only  a  portion  of  the  carbon  dioxid  is  given  off;  to 
obtain  the  balance  it  is  necessar}'  to  add  acid  to  the  liquid.  This 
latter  portion,  liberated  only  by  a  stronger  acid,  is  spoken  of  as 
the  "fixed  carbon  rlioxid."  If  instead  of  exposing  serum  or 
plasma  to  a  vacuum  one  uses  full  blood,  that  is.  plasma  or  serum 
plus  corpuscles,  all  the  carbon  dioxid  may  be  obtained  without 
the  necessity  of  adding  acid.  This  fact  has  been  explaiued  on 
the  supposition  that  the  hemoglobin  under  these  conditions 
plays  the  part  of  an  acifl  in  breaking  up  the  compound  in  which 
the  carbon  dioxid  is  firmly  held.  Presumably  this  fixed  carbon 
dioxid  is  the  portion  which  in  the  above  classification  is  repre- 
sented as  bicarbonate.  Since  the  portion  that  is  held  in  organic 
combination  is  apparently  more  easily  dissociated,  it  seems 
likely  that  it  furnishes  the  main  compifund  which  is  physio- 
logically useful  in  provifling  a  means  for  the  transportation  of 
carbon  dioxid  from  the  tissues,  where  it  is  formed,  to  the  lungs, 
where  it  is  eliminated. 

The  Physical  Theory  of  Respiration. — The  physical  theory 
of  respiration  assumes  that  the  gaseous  exchange  in  the  lungs  and 
in  the  tissues  takes  place  in  accordance  with  the  physical  laws  of 
difTuaion  of  gases.  If  a  permeable  membrane  separates  two  vol- 
umes of  any  gas,  or  two  solutions  of  any  gas  at  different  pressures, 
the  molecules  of  the  gas  will  pass  through  the  membrane  in  both 

•Loewy,  "Han(ibudi  d.  Biocheinie,"  1(K)8,  IV. 
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directions  until  the  pressure  is  equal  on  both  sides.  As  the  excess 
of  movement  is  from  the  point  of  higher  pressure  to  the  point  of 
lower  pressure,  attention  is  p£ud  only  to  this  side  of  the  process, 
and  we  say  that  the  gas  diffuses  from  a  point  of  high  tension  to 
one  of  lower  tension.  After  equilibrium  is  established  and  the 
pressure  is  the  same  on  both  sides  we  must  imagine  tliat  the 
diffusion  is  equal  in  both  directions,  and  the  condition  is  the  same 
as  though  there  were  no  further  diffusion.  In  order  for  this 
theon'  to  hold  for  the  exchange  in  the  body  it  must  i>e  shown  that 
the  physical  conditions  are  such  as  it  demands.  Numerous  experi- 
ments have  been  made,  therefore,  to  determine  the  actual  pressure 
of  the  oxygen  and  carbon  dioxid  in  the  venous  blood  as  com- 
jjared  with  the  pressures  of  the  same  gases  in  tlie  alveolar  air,  and 
the  pressures  in  the  arterial  blood  as  compared  with  those  in  tho 
tissues.  Although  the  actual  figures  obtained  have  varied  some- 
what with  the  method  used,  the  species  or  condition  of  the  ani- 
mal, yet,  on  the  whole,  the  results  tend  to  support  the  physical 
theor>'. 

The  Gaseous  Exchange  in  the  Lungs.— It  is  difficult  to  deter- 
mine the  exact  composition  of  the  alveolar  air.  The  expired 
air  can,  of  course,  be  collected  and  analyzed,  but  obviously  this  is  a 
mixture  of  the  air  in  the  bronchi  and  the  alveoli,  and  consequently 
has  more  oxygen  and  less  carlwn  dioxid  than  the  air  in  the  alveoli. 
The  probable  composition  of  the  alveolar  air  has  been  calculated  by 
Zuntz  am!  Loewy  for  normal  quiet  breathing  in  the  following  way: 
The  capacity  of  the  bronchial  trts:^  is  140  c.c,  ami  this  air  may  be 
considered  as  similar  in  composition  to  atmospheric  air,  that  is,  the 
inspired  air.  A  normal  expiration  contains  5tK)  c.c;  hence  the 
alveolar  air  constitutes  only  3G0  c.c.  or  ij  of  the  entire  amount.  If 
the  expired  air  contains  4.38  i>er  cent,  of  CO?,  then  the  alveolar 
air  must  contain  4.38  ^  H^  or  t>  per  cent,  of  carbon  dioxid.* 

Or,  to  put  the  motio  of  calculation  in  a  more  general  fomi,  the  amount 
of  oxygen  in  the  expired  air  is  fqual  to  the  amount  of  oxygen  in  the  true 
alveolar  portion  of  the  expired  air  plus  the  amount  of  oxygen  in  the  "tlead 
space. "  namely,  the  trachea  and  bronclii.  Let  A  equal  the  vohime  of  expired 
air,  e  the  percentage  of  oxygen  in  the  expired  air.  u  the  volume  of  air  in  the 
dead  space,  and  i*  the  percentage  of  oxyK*^n  in  this  air  or  what  is  the  same 
thin^  in  the  inspired  air.  According  to  the  above  statement  we  have  the  fol- 
lowing «niation,  Xe  =  ai  H~  (A  —  fl)  .t,  in  which  jr  representa  the  unknown 

percentage  of  oxj'gen  in  the  alveolar   air.     We  have,  therefore,  x  ~  /— ^^^^. 

In  ordinary  breathing  these  valuea  are  aa  follows:  A  --  500  e.c,  a  =  140  c.c, 
e  =  lfJ.02  percent.,  and  i  ^  20.96  percent.  Substituting  lhei*o  values,  x  will  be 
found  eoual  t«  14.1  per  cent.  Reckoned  in  miliiim-ters  of  mercury  this  would 
be  equal  i-o  iTtM)  ■•",  0.141)  107.2  mm.  In  order,  tiowever,  to  ascertain  the 
true  presflure  exerted  by  the  oxygen  allowance  must  be  made  for  the  baro- 
metric pressure  and  for  the  tension  of  the  aquwuia  vapor.  In  the  depths  of 
the  lungs  the  air  iw  aaturaied  with  water  vapor  and  the  tension  of  this  vapor 
at  the  body  temperature  may  Y*e  valued  at  46.6  mras.  Hg.      If  we  suppose 

•  For  discussion  of  methods,  see  Krogh  and  Liiidhard,  "Journal  of  Phyft- 
iology,"  47,  431,  1914. 
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further  that  tho  observation  wtw  made  at  a  boromotric  prcamirp  of  750 , 

then  the  pre^wure  of  the  oxygen  iu  the  alveoli  would  be  (750 — 40.0X0  HI) 
99-h  mms,  Hg. 

Actual  observations  made  by  these  authors  upon  human  being! 
in  whora  the-  expinHJ  iiir  was  analyze<i  indicate  that  the  compo»itiuQ 
of  the  alveolar  air  may  vary  under  different  eonditiotts  between 
the  fo!lowin{<  limits:  Oxypen  between  11  and  17  per  amt.  of  an 
atmosphere;  carlwHi  dioxid  between  3.7  and  5.5  per  cent,  of  U 
atmus[)here.  Haldune  and  Priestley  have  devised  a  simpk 
method  by  means  of  which  the  last  portions  of  the  air  hrcalbed 
out  in  an  expiration  may  be  colleeted.  The  sample  thus  coIIctIihI 
represents  pnu-tieally  the  alveolar  air,  and  its  average  compositiun 
for  normal  quiet  respirations  may  l>e  given  as  oxygen.  14.o  per 
cent.;  earhon  dioxid,  5.5  per  rent.;  and  nitrogen,  80  per  cent. 

Loewy  and  von  ^ehrotter  have  determined  also  the  axen^ 
tension  of  these  gase.s  in  the  blood  of  man.  Their  method*  con- 
eisted  in  blocking  off  one  lung  or  one  bbo  of  a  lung  by  a  inetal 
catheter  inserted  through  the  trachea.  After  tlie  lapse  of  lialf  ac 
hour  or  so  the  K:i,ses  in  this  occluded  portion  had  reached  no 
equilibrium  by  interchange  with  the  venous  blood  which  repre- 
sented the  tension  aetunlly  existing  in  the  circulating  venous 
blood.  A  portion  of  this  air  was  then  withdrawn  by  means  of  a 
suitable  device  and  wfis  analyzed.  Their  average  result  was  that 
in  the  venous  blood  tlie  oxygen  exists  under  a  tension  of  5.3  per 
cent,  of  the  alveolar  atmosphere  (710  X  .053  =  37.6  mms.  Hg.), 
and  the  COi  under  a  tension  of  t)  per  cent.  (42.6  mms.  Hg.).  TV 
physical  relations  of  pressure  l>etween  the  alveolar  air  and  tJi*' 
gases  in  the  venous  blood  maj'  be  reprejiented  as  follows: 


OXTOBN. 

Alveolar  air 100  mms. 

Membrane ] 


Carbon  Dioxn). 
35  to  40  nnm«. 

I 


Vei]ous  blood  . . .        37.9  nuns,  42.0  nuns. 

Diffusion  must  take  place,  therefore,  in  the  direction  indicatpi 
by  the  arrows.  As  the  oxygen  passes  through  Into  the  blood  iii» 
combined  with  the  hemoglobin  and  it  is  estimated  that  the  arterial 
blood  as  it  flows  away  from  the  lungs  is  nearly  saturated  with 
oxygen,iackingperh:tpsonly  1  volume  per  cent,  of  being  completely 
saturated  (Pfliiger).  That  is,  if  the  normal  arterial  blood  contaiM 
19  c.c.  of  oxygen  for  each  100  c.c.  of  blood,  it  is  probable  that  one 
more  cubic  centimeter  might  be  combined  by  the  hemoglobin  if 
exposed  fully  to  the  air  or  oxygen.  The  difference  in  tension 
between  the  carbon  dioxid  on  the  two  sides  of  the  membrane  Is  not 
so  great  as  in  the  case  of  the  oxj-gen,  but  owing  to  the  more  raixd 

*  l>oe\vy  and  von  Schrdtter,  "Zeitschrift  fOr  experimcatclle  Pftlliolo(pe 
und  Tbenipie,"  1,  \M7,  1905.  tiee  aXao  Loewy,  "Handbuch  der  Biochemie." 
IVS  1908. 


CHANGES    IN    AIR    AND    BLOOD    IN    RESPIRATION. 


(lifTiJsion  of  this  i'ils  it  is  probable  that  this  dififerenco  suffices  to 
explain  the  exchange.  In  this  matter  one  must  liear  in  mind  also 
the  ven'  large  expanse  of  si;rface  offered  by  the  Ivmgs  and  the  ver>' 
complete  siibdivisian  of  the  mass  of  blood  in  the  capillaries.  Thus, 
following  a  calculation  made  by  Zuntz,  the  surface  of  the  human 
Umgs  may  be  estimated  at  90  sq.ms.  or  IXMIjMM*  sq.cms.  if  we 
assume  that  30()  c.e.  of  carbon  tJio>dd  (5()0  X  0.04  X  15)  are  given 
off  from  the  blood  in  a  minute  this  would  indicate  a  diffusion 
through  each  scjuare  centimeter  of  only  O.UJiXi  c.c.  (goVooo)- 

This  samp  idea  is  expanded  by  I^es^'y  aj»  follows:  The  Biirfa<'e  <if  the 
hings  c'xiwKPil  t<i  thp  air  iimy  1>p  rp^'kniieii  at  W  sriiiurt*  rnetersp  and  the  thk'k- 
nesB  of  membrane  inlervpiiin^  beUvt-cn  thih  air  iiml  llie  blood  in  the  capillariefi 
may  be  estimated  at  0.004  of  a  millitiiHer.  Tiuler  these  conditions  as  much 
as  0083  c.c.  of  oxygi-n  might  WitTiiw  iiitn  th<*  IflfKul  in  a  minute.  Ah  a  matter 
of  fact  only  about  250  to  300  c.c.  of  oxy>];on  arc  really  absorl>cd  per  minute  in 
quiet  breathing,  and  not  more  than  ten  times  this  amotmt  in  t!ie  violent 
respiration  following  excessive  miwoular  exercise.  It  would  sefm,  therefore, 
that  diffusion  should  suffice  to  supply  tiie  oxygen  actually  needed.  This 
reasoning  applies  u  fortiori  to  the  caroon  dioxid,  smee  the  vehicity  of  diffusion 
of  this  gas  tliroijgh  a  mni.^t,  uiPnibrarK*  in  tuurh  t2'j  times)  prealer  if  the 
tension  of  the  CO,  in  the  l*]ood  were  only  0.03  mm.  higher  than  tliat  in  the 
alveoli,  the  known  excliange  might  be  explained  by  diffusion. 

Exchange  of  Gases  in  the  Tissues. — The  arterial  blood  pasaea 
to  the  tissues  nearly  saturated  with  oxygen  so  far  as  the  hemo- 
globin ia  contrerned,  aatl  this  oxygen  is  held  under  a  tension 
equivalent  probably  to  at  least  IQQ  mms.  Hg.  The  carbon 
dioxid  is  less  in  quantity  than  on  entering  the  hmgs  and  exists 
under  a  smaller  pressure,  which  may  be  assumed  to  be  the  same 
as  that  of  the  carbon  dioxid  in  the  alveoli  of  the  lungs — namely, 
5  per  cent,  of  the  alvrolar  atmosphere  {35^0  nims.)-  Itijjiesys- 
tetnic  oapillnrios  the  blotKl  comes  into  iliffusirm  rtdations  with  the 
tissues,  and  <Hrect  oxaniiniifuin  nt  thv  latt^'r  <^fifw^  *^"^^  *^'*  j^^^p^fm 
in  them  exists  uutlcr  a  very  small  pressure,  practiivillv  ac^r^^  prea- 
sure,*  while  the  COi  is  present  uiider  a  tension  (Strassburg)  of 
7  to  0  per  cent.  The  high  tension  of  the  C(X  is  explained  by 
{he  fact  that  it  is  being  formed  in  the  tissues  constantly  as  a 
result  of  their  metabolism,  while  the  low  tension  of  the  oxygen 
is  due  to  the  fact  that  on  entering  the  tissue  this  substance  is 
combined  in  some  way  in  a  chemical  compound  too  firm  to 
dissociate.  The  physical  conditions  are,  therefore,  such  as 
would  cause  a  stream  of  COj  from  tissue  to  blood  and  a  stream 
of  oxygen  in  the  reverse  direction. 

OxToKw.  Carbom  DlOXIK, 

Arterial  blood 100  mms.  35  mms. 

Wall  of  capillary ! ^ 

Tiiisuee 0  mm.  50  to  70  mms. 

•  This  conclusion  is  doiibtcfl  by  some  observers,  see  Barcroft,  "Respiratory 
Function  of  the  Blood,"  li)U,  p.  165. 
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It  is  to  be  remembered  that  in  this  exchange  the  MorKJ  and 
the  lymph  act  as  intermediaries.  Tiie  CO.,  diffuses  fpim  K-ru^ih 
trjjilasnia  and  frouLliaayes  toj^mph.     The  oxygen  dlfTt:-' 

/%  lyinpli    t,|i    tifl.^nps,    frm^plnsmfl.   tn   J^yitiph,    aJi^froni    u.\    _^ 

glriTun  tu  t^asma.  Bohr*  has  found  experimentally  that  m 
blood,  wiien"  ttie  oxygen  tension  is  low,  an  increase  in  the  CO, 
pressure  tends  to  dissociate  the  oxyhemoglobin  (Fig.  275i. 
Since  these  conditions  prevail  in  the  capillaries  of  the  body,  it 
is  probable  that  the  presence  of  the  COi  in  increa'^><l  amounts 
facilitates  the  liberation  of  the  oxygen. 

Suggested  Secretory  Activity  in  the  Respiratory  Exchange.— Tlif  vhh 
that  ttn'  (^xchiiiiRe  of  riwcs  in  tho  UinKs  and  tissups  is  entirely  explainrii  by 
the  (lifTusion  of  tlie  ^iises  from  point!*  of  high  tension  to  points  of  Vvk  tfo- 
sion,  unci  that  the  membranes  interpose*!  are  entirely  passive  in  the  jiroos* 
ha«  not  passed  unehaUenge<l.  Certain  otjscrvers  (Bohr,  Haldtine.  and  Nurthif 
claim  thiit  the  tension  of  the  oxygen  in  tlie  urteri;ii  hlood  may  \w  hi^rr  this 
the  pressure  of  oxygen  in  the  alvcHjIar  air.  Bohr,  moreover,  in  a  vn\n  cJfir 
pi*rinient.H  miwU?  uikiu  dog::«J  tieteniiiued  by  calculation  the  tewsiou  of  oxyum 
within  the  surface  layer  of  the  lungs.  This  tem^ian  v,a»  found  to  vnr}-  from 
35  to  105  mmp.  The  tension  of  the  arterial  blood,  determined  nt  the  «inw 
time,  varietl  from  lUl  k>  144  imns.,  being  in  evcrj-  case  distinetlv  higlirr  tlun 
the  tension  of  the  oxygen  in  the  surface  layer  of  the  lungs.  If  these  intu 
were  fully  demonstrated  ihey  wotdd  show  lliat  the  physical  lhe*»n'  nittliwd 
above  is  insufficient,  and  would  indicate  that  the  membranes  *■•  "  ■aloe 

an  active  part  in  the  passage  of  the  gases,  exerting  possibly  a  mm  r  iir 

That  the  cells  of  these  membranes  might  secrete  tne  gases  is  not  ai  nu  impo^ 
sible,  but  at  oresent  it  neems  to  be  unnecessary*  to  make  such  a  suppCMtHD. 
The  results  obtained  by  the  obser\'ers  mentioned  in  this  paragraph  Mwaol 
been  corroborated  by  the  numerous  other  observers  who  nave  worked  in  ti* 
same  field,  and  it  seems  possible  that  they  may  be  due  to  experimental  cnwi 
A  well-known  set  of  ex^x-riments  that  strengtlien  this  conclusion  ha*  bwn 
reported  by  Wolffberg  and  by  Nussbaum{  and  has  since  been  repeated  upon 
man.  In  these  experiment's  one  bronchus  in  a  dog  was  completely  bioclwd 
by  a  specially  designed  lung  catheter,  so  arranged  as  to  occlude  the  hronehw 
and  yet  allow  the  observer  to  draw  off  a  specimen  of  the  air  at  any  tinir.  Ill 
Bucli  an  occluded  lung  the  captured  air  is  in  diffusion  relations  with  the  veoooi 
blood  of  the  pulmonary  artery^  and  if  these  relations  are  maintained  foe* 
sufficient  time  an  equiJibrium  should  he  established  on  the  physiral  theoff, 
the  tension  of  the  gases  in  the  oerludctl  lungs  becoming  the  same  w  in  tw 
venous  blood.  Such  was  found  to  be  the  case.  When  at  the  end  of  tl» 
experiment  air  was  drawn  off  and  analyzed  it  was  found  to  contain  3.6  frf 
cent,  jf  CO,,  while  the  tension  of  the  t'O-  in  specimens  of  the  venoitf  bJoal 
taken  from  the  right  heart  was  practically  idcntiral.  If  there  is  an  acii« 
Bocretion  of  CO,  from  the  lungs  one  should  have  expected  to  obtain  a  lii^b* 
tension  in  the  carbon  dioxid  of  the  alveolar  air  than  in  the  venous  blood. 

•  "Skandinavisches  Arehiv  f.  PhyBioIogie,"  16,  402,  1896. 
t  See  HiU^Iane  and  Smith,  ^'Journal  of  Phy.siologj*,'*  20,  497,  18W. 
t  Bohr,  in  Nogel's  "Hiindbuch  der  Physiologic  des  Menschen,"  1897,  toL 
i,  part  1,  p.  146. 

i  "Arehiv  f.  die  gesammtc  Physiologic,"  4,  465,  1871,  and  7,  29fi,  1S73. 
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CHAPTER  XXXVII. 
INNERVATION  OF  THE  RESPIRATORY  HOVEMENTS. 

The  nervous  supply  to  the  respiratorv"  muscles  is  received  from 
a  number  of  nerves,  the  nervous  niachinen*  being  widely  dis- 
tributed in  the  brain  and  cord.  The  jnoet  important  of  the  motor 
ner\^e8  of  resjnmtion  is  the  phrenic,  which  supplies  the  diaphragm 
and  ori^inatfs  from  the  fourth  and  fifth  cc^rvical  spinal  nerves. 
The  X.  arcesRorius  and  IvraTichen  of_t_he  cervical  and  l>racnial 


plexus  innervate  the  muscles  of  the  neck  and  shoulder  which  aTe 
concerned  in  inspiration;  the  intercostals  innervate  the  muscles  of 
the  thorax  and  abdomen,  while  branches  of  the  lumbar  plexus  send 
fitters  to  the  muscles  of  the  groin.  Moreover,  tjie^  facial  sends 
rr^t^iriY  hriinr'hPQ  Iyi  thp  mjtscles  of  t.he  nose  andjhe  va^us  supplies 
thfi  imiqplf^  ^f  f,lif>  lftrv-n\-  All  of  these  muscles  belong  to  the 
skeletal  group  and  are  under  voluntary  control.  Under  normal 
conditions,  however,  this  entire  respiratory  apparatus  works 
rhythmically  without  voluntary-  control,  in  alternate  inspirations 
and  expirations,  all  the  inspiratory  muscles  contracting  together, 
and  all  the  expiratory  muscles  together  in  their  turn  when  the 
expirations  are  active.  The  co-ordinated  activity  of  such  an  ex- 
tensive rnw*hanism  is  exj)lained  by  the  existence  of  a  respirotory 
center  in  the  medulla  oblongata. 

The  Respiratory  Center. — The  discover^'  of  the  location  of  the 
respiratory  center  %viis  due  mainly  to  the  experiments  of  two  French 
physiologists.  I^e^allois  and  Flourens.  The  latter  placed  the 
center  in  the  jneilulla  at  the  level  of  the  calamus  scriptorius,  and 
described  it  as  a  very  small  area  or  spMit,  wliich  be  dmgnate<l  at  first 
as  the  vital  knot  {mmd  viud)  un<ler  the  mistaken  impression  that 
it  fonned,  as  it  were,  a  central  or  focal  point  of  the  motor  system. 
It  has  since  been  shown  that  this  center,  like  the  vasomotor 
center,  is  bilateral.  If  the  metluUa  is  cut  through  in  the  mid- 
line the  respirations  may  proceed  in  a  norma!  manner.  The  center 
consists  of  two  ]>arts,  each  connected  primarily  with  the  muscula- 
ture of  it.s  own  side.  Kach  half  occupies  an  area  that  lies  some 
distance  lateral  to  the  mid-line  and  beneath  the  floor  of  the  medulla 
at  the  general  level  of  the  calamus.     According  to  Gierke,*  the  area 


*  Gierke. 

tnUblatt  f.  d. 


Archiv  f.  die  gefiammte  Physiologie,"  7,  583,  1873;  and  *'Cen- 
mfiJ.  Wlssenschaften,"  No.  34,  1S85. 
6SS 
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extends  in  rabbits  from  a  point  3  or  4  mms.  in  front  of,  to  a 
2  or  3  mms.  por^terior  tij  the  calaraus.  No  especial  proup  of 
can  be  found  in  this  region  sufficiently  separated  anatomicjiliy 
make  it  probn!>lp  that  they  constitute  the  center  in  que.stion. 
region  has  been  delimited  by  vivisection  experiments  only, 
according  to  Gierke,  corresponds  in  location  to  the  position  of  \}» 
solit^r)'  bim<lle  (tractus  solitarius).  According  to  ML^la^-Bky,* 
it  lies  near  the  mid-line  in  the  fommtio  reticularis,  while  (lad^  eivH 
it  arelativetv  lame  area  in  the  latenil  ixirtion  of  the  fomiatjt 
retlcujarig.  the  continuation  into  the  mfvnmj^  oi  ihf  U}f''^^  ii^trf 
•t!iFgTa>'  ntatter  of  the  cord.  Destruction  of  these  areas  or  sertiuo 
of  the  cord  anywhere  between  this  region  and  the  origin  of  the 
phrenic  nerve  cuts  off  the  respiratory*  movements,  except  thoeea" 
the  nose  and  larynx,  and  causes  death.  The  rapid  death  fnun 
injuries  to  the  cord  or  medulla  in  this  region — from  hanging,  for 
instance — is  explained  by  the  effect  upon  the  respirator>*  center 
or  its  comiections. 

Tliere  is  no  doubt  that  the  respiratory  center  in  man  occupje*  the  ^unC 
general  position  jts  in  tlie  other  riianinials.  There  is  on  retNml  m  <-4«€l  in 
whirli  sertions  were  made  of  Uie  medulla  in  a  new-bom  infant.  *Jn  tWivw 
it  was  nercw.sar>'  to  puncture  the  c-riLiuinn  and  remove  the  brain.  TTie  duW 
still  lived  and  tlte  medulla  was  cut  across  with  sci^or^.  A  Mrtimi  ai  tbe 
potfterior  end  of  the  calamu.s  stopped  the  respirations  immediately,  whil* 
one  somewhat  anterior  had  failed  to  have  this  effect. 

The  general  idea  of  the  connections  of  this  center  with  the  reepir- 
atory  muscles  may  be  de8cribe<l  as  follows:  The  regpiraton'  fibcB 
arising  in  the  center  nas.s  down  the  cord,  probably  in  (heantero- 
latenil  r^-tlninng,  and  end  in  tlie  gray  matter  of  the  con!  ajltitf 
.jifff^pt  k*\i'];-^  ^*t  xxh'ti^h  f^n>  p^r^^j^rjiuclei  ofJ.hej;^2i:  " f» 

are  situatoii.     WhetluT  the  comuTctiorr  Between  thi  ry 

center  and  the  spinal  motor  nuclei  is  made  by  one  or  by  a  «enw(rf 
neurons  is  not  known,  but  we  may  assert  that  the  ner\'t?  path 
from  the  respirati>ry  ecutor  to  the  respirator>*  muscles  nmst  he 
comp<>s(*d  of  at  least  two  nrnroris.  AccordinK  to  this  romvption. 
the  impulses  of  inspiration  and  expiration  for  the  entire  respire 
tory  mechanism  originate  in  the  medullary  center  and  are  thrnce 
distributed  in  a  co-ordinated  way  to  the  lower  motor  cent<*rp  in 
the  cord,  or,  in  the  case  of  the  nose  and  larynx,  to  the  uwUif 
centers  of  the  vagus  and  facial. 

Spinal     Respiratory     Centers. — At     different     times     varioui 
(Brown-Sea uard,  LanmeadorfT,  r.f  til.)  have  inaistctl  that  ther«  exfct  l_ 
more  spinal  respirati^ry  centers,  and  that  the  medullary  center  hu  Dot  Uc 

•  Mislawskv,  "CenlralblaH  f.  die  med.  Wissenachaften,"  No.  27,  ISS5. 

t  Gad.  "Archiv  f.  PhyHioloKie/'  1893,  p.  75. 

iSee  Kehrcr.  "Monatshefte  f.  prakt.  Dermatol./'  28,  450,  1892. 
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commatiding  importance  intiiraUnl  in  Uie  aLxive  <lf^€riplion.  The  fact  tliat» 
when  the  niediiflii  or  ccrvicul  t-iird  Ih'Iow  the  mediiUu  Ik  cut,  the  animal  at 
ODoe  oeascs  to  breathe  is  explaineiJ  hy  these  autliorti  ou  the  a.sautn|)tion  that 
the  operation  causes  a  proloiifed  inliibitiou  of  the  uiiJerlyin^  spinal  centers. 
The^  state  tliat  j^oung  animals,  especiaily  if  uiatle  liyixjhrrilable  by  the  in- 
jection of  f^lrychnin,  may  eontiiiue  to  breathe  after  xx-tion  «jf  the  curd  below 
the  inetiulla.  Tliii^  point  of  \'it^\v,  howe^'e^,  has  not  |irevaiietl  iJi  physiology. 
Other  operatioiiH  on  tho  fon!  or  brain  are  not  attejitletl  by  euuti  profoumi 
inhibition^  luiil  iiuJeeJ  Porter  ami  Muhlberg  have  nhown*  that,  if  half  of  the 
conl  aJone  in  cut, the  niovenjeiits  of  the  diapliragiii  on  that  side  are  permanently 
poralyzedl.  It  us  entirely  eoneeivable  that  under  exceptional  conditions 
the  lower  neuroiw,  the  direct  motor  cotiters  of  the  respiratory  mujicles,  miglib 
be  made  to  act  rhythmk-ally,  since  livirin^  life  they  liaveDeenriiythmically  stim- 
ulate! from  the  meduUarv*  t^'nt^r;  but  thi^  evidence  at  present  in  altogether 
■gainst  any  distinct  phyHtoUiKicul  independence  on  the  part,  of  tliowe  neurons. 

The  Automatic  Activity  of  the  Respiratory  Center. — The 
constant  ftcti\ity  of  the  rcspiraton^  center  throughout  life  suggests 
the  question  as  to  its  autoinaticity.  Is  it  automatic  like  the  heart? 
That  is,  are  the  stLrnuli  discharged  from  it  produced  witliin  its  own 
cells  as  a  result  of  its  o\vti  nietabolisin  unfler  the  normal  conditions 
of  circidation?  Or,  on  tho  other  hand,  ia  it,  like  most  of  the  motor 
nuclei  of  the  central  ner\'ous  system,  only  a  reflex  center,  its  motor 
dischai^es  l>eing  dei)endont  upon  impulses  received  from  other 
neurons  by  way  of  the  sensory  j)aths?  Ob\iousIy  the  only  way  to 
answer  such  a  question  directly  is  to  isolate  the  center  from  all 
afferent  paths  and  leave  it  connected  with  the  respirator}'  muscles 
only  by  motor  nerves.  If  under  such  conditions  the  respiratory 
rhythm  continues  the  center  may  l>e  regarded  as  essentially  auto- 
matic, however  susceptible  it  may  be  to  reflex  influences.  A  close 
appro?dmation  at  least  has  been  made  to  such  an  experiment, 
Rosentlial  finds  that  rhytluaical  a\spimtory  movements  continue 
after  the  following  oi>eration3:  first,  section  of  the  brain  at  the  cor- 
pora quadrigeniina  to  cut  off  inftuences  from  the  cerebrum,  thala- 
mus, and  midbrain;  second,  section  of  the  vagi,  to  shut  off  afferent 
impulses  from  the  viscera,  especially  from  the  hings;  tliird,  section 
of  the  cord  at  the  seventh  cervical  vertebra  to  exclude  sensory 
influences  through  all  the  underlying  posterior  roots;  and,  fourth, 
section  of  the  posterior  roots  of  the  cervical  spinal  nerves.  The 
medulla  with  its  respirator^'  center  was  thus  isolated  from  all 
afferent  impulses  except  such  as  might  enter  through  the  fifth, 
seventh,  eighth,  and  ninth  cranial  nerv^es.  i^ince  unilcr  these  con- 
ditions the  center  continued  to  act  rhythmically  we  may  draw 
the  probabje  conclusion  that  it  is  essentially  automatic,  and  that 
it  probably  possesses  an  intrinsic  rhythmical  activitv  rcsembline^ 
that  of  the  heart.  An  interestmg  supplementary  exf)eriment 
uporT  thhs   poinT  is   reported    by    Winterstein.f     The   rhythmic 

•  "American  Journal  of  PhvMioloKy/'  4,  334,  1900. 
t  WintcTHtein,  "PfltiKer's  Archiv,     138,  159,  1911. 
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activity  of  the  rc8i>iratory  center  has  been  referred  by  somp  mitiun 
to  reflex  stimulation  t>f  the  center  by  sen.sor>'  impulses  arisiiig  m 
the  respiratory  nm.^t'les  themselves.  To  exclude  this  possibtli^ 
Wintersteiii  curarizod  an  animal  to  immobilize  the  respirator)* 
muscles,  and  tlien  divided  tlie  phrenic  nerve  and  connected  iti 
centra!  stump  with  a  galvanometer.  Under  these  conditioof  tfap 
galvanometer  recorded  rh3rthmic  action  currents,  which  demi>n- 
strattnl  that  the  reflpiratorj'  center  was  sending  out  rhytiinur 
discharges  of  ncr\'e  impulses. 

Reflex  Stimulation  of  the  Center.— According  to  the  rwult* 
of  numerous  observers,  stimulation  of  any  of  the  sensory  nerva 
of  the  body  may  affect  the  ratt^  or  the  amplitude  of  the  respimtor)' 
movements.  This  exTierimental  rt^suU.  is  confirmed  by  our  owl 
experience,  since  every  one  must  have  noticed  that  the  ret^urKtorr 
movements  are  readiU'  affected  by  strong  stimulation  of  tlJC  CUUfl^ 

ous  nerves — a  dash  of  cold  wittr, 
for  example — aa  well  as  ihiwirfi 
the  nerves  of  sight  and  IwAnng 
In  addition,  emotional  staUsvr 
apt  to  be  accompanied  by  DOtirc 
ai)le  changes  in  the  reflpimtionA. 
and  corresponding  to  t' 

experiment  shows  tliat  t.^ 

tion  of  certain  portions  of  IbtMr 
tex  and  midbrain  gi  *  rinct 

effects  ujx)n  the  res i  -fo- 

ter.  We  must  assume,  therefore, 
tliat  iliis  center  la  in  connection 
with  the  sensor}^  fibers  of  [*> 
haj)S  all  of  the  cmnial  anrl  hpiiul 
ner^•es,  anrl  is  influenced  aU>  bv 
intracentral  paths  pasang  frrjni 
cerci)nmi  to  medulla,  paths  whicJi 
are  efi'erent  as  regards  the  ctre" 
brum,  but  afferent  aa  regani^  ik 
metlulla.  As  stated  above,  llic 
effect  of  these  sensory  nenta 
upon  the  activity  of  the  respiratory  center  is  viu-icni;  the  nitf  mny 
be  changed  together  with  an  increased  or  decreased  amphtutlc.thr 
inspiratioiLs  and  ex]>irations  may  each  lie  increased,  or  one  ph»* 
may  be  affected  more  markedly  than  the  other.  In  general,  how- 
ever, experimental  stimulation  of  a  sensor}'  nerve  trunk  which  coi^ 
tains  cutaneous  fibers  gives  one  of  two  effects:  either  a  stimulatiiJg 
action,  manifested  by  quicker,  stronger  inspirations  and  active  ex- 
pirations, or  an  inhibitory  effect,  in  which  the  respirations  eeM» 


i'"l»*T»   Sciqlic 


Fig.  27fi.— ^To  show  tlw  nuymeiiitt- 
tiun  of  the  ^c^pirato^>''  mnvonietiUi  cauaed 
by  eitiiiiulatian  of  the  bciatio  oeo'O.  Hx" 
periment  upon  a  rabbit. 
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altogether  or  become  slower  and  more  feeble  (Figs.  276  and  277). 
If  in  this,  as  in  other  similar  cases,  we  assume  that  the  two  oppo- 
site effects  are  protluccd  by  ilifferent  nerve  fibers  we  may  speak  of 
sensory  fibers  wliich  have  a  stinuilating  or  augmenting  effert.  and 
of  those  that  have  an  inhiliiting  iniiuence  on  the  center,  or  following 
the  terminology  used  in  the  case  of  the  vasomotor  center,  we  may 
speak  of  rt^spiratory  pressor  and  respiratorj'  de|)res.s(>r  fibers.  It  is 
quite  im>baUle  that  these  fibers  have  other  futictions,~that  is,  they 
are  not  distributed  exclusively  to  the  respinitor>'  center.  A  cuta- 
neous tiber»  wliich  through  its  central  chain  of  neurons  eventually 
ends  in  the  cortex  cerebri  and  gives  us  a  sensation  of  pain,  may 


TT£.  277. — To  show  the  inhibition  of  the  rMptratory  movementa  In  a  mbbit  doe  to 
■timulatiou  of  the  central  end  n(  the  vaKU^.  Tlie  respinitor>'  movement'?  in  tbia  ca4« 
faefura  tmd  after  attmuUtion,  were  forced,  owinfl  to  the  fact  that  both  v»gi  vera  out, 

by  collateral  connections  affect  also  the  medullary  center  and  pro- 
duce effects  ufx:)n  the  heart,  blood-vessels,  and  respirations. 

The  Special  Relations  of  the  Afferent  Fibers  of  the  Vagus 
to  the  Center.— Aitlioiigh  the  sens(jr>'  nen'es  in  general  exert  a 
reflex  effect  upon  tlie  respiratory  center,  experimental  work  has 
shown  that  the  sensory  fillers  distributed  along  the  respirator)* 
passages  from  the  anterior  narcs  to  the  alveoli  have  a  specially 
important  relation  to  this  center.  This  fact  is  most  clearly  shown 
in  the  case  of  the  se.nsf»r>'  Kiu^rs  of  the  vagus,  which  are  distributed 
to  the  lungs  themselves.  If  the  two  vagi  are  cut  in  the  neck  the 
respirator\-  movements  are  at  once  altered  in  chamcipry^^ev 
show  a  tiiuch  ts tower  rhythm  and  greater  anifititude  (Fig.  278). 
The  m?;])!  ratio  nig  os|>ofia[lv  are  deeper  ^nd^  longer,  with  something 
of  a  pause  at  the  end.  When  only  one  vagus  is  cut  arflntermediate 
effect  may  be  obtained,  the  respirator)'  movements  may  be  slowed 
somewhat  and  slightly  deepened :  but  the  striking  effect  is  observed 

44 
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only  after  section  of  both  nerves.  Tliis  result  is  not  a  t-emporary 
one  due  to  the  stimulation  of  cutting,  but  Is  permanent,  and  there- 
fore we  may  eonclude  that  some  infiucnoo  haw  been  cut  off  which 
nonnally  keeps  the  respiratory  mo\'empiits  nt  a  more  rapid  rate, 
Ex]>eriment  has  showni  that  this  iutiueiun-  consists  in  the  tonic 
agtion_iiL-JiononF>'^  fibers  contained  in  the  vagu.'^  and  distnbuleti 
tothgJuilKS.  It  is  the  constant  effect  of  these  fibers  on  the  respira- 
tory center  which  maintains  the  normal  rh\i:hm;  when  they  are 
severed  the  center  drops  into  n  slower,  unrcKuIated  rhythm.  Ex- 
periment has  showTi,  also,  that  when  the  central  stimip  of  the 
divided  vagus  is  stimulated  artificially  the  respiratory  center  is 
affected,  a^*  iatlicated  l*y  the  respiratory  movements,  in  a  variety 
of  ways,  depending  upon  the  stren^h  of  the  stimulus  and  the 
condition  of  the  center.  The  two  results  which  are  most  constantly 
obtaineiJ  and  which  may  therefore  be  esjx»cially  emphasize<l  are  as 
follow;^:  ijjigl,  with  weak    stiitinii  thp  irmpimtnrv  m.ivpntpnta  ft>ipJn- 

hibited  partiallv  or  complete! v.  giving  eitlier  smaller  movements  or» 
in  a  condition  of  narcosis,  complete  cessation  of  respirations,  with 


I 
I 


y.t  tl»*t   W^*ft«* ftfcWo^   t,»^*J.H, 


FiK-  -78. — To  sliow  tlic  ctTcct  of  scctiuii  of  tbe  vogi  on  (ho  rt-Npiminr)'  movcmenU 
(rabbit).  Tlie  right  vaitur*  wtu>  cut  at  r  and  catuvd  a  aliffLt  nuKiitontutinn  tkoti  dowmg 
of  the  ittovement^.  l*h«  left  va^n  was  cut  at  Jtr  and  eaiuiecl  fir^t  u  Mimrl  inhibition  (due 
to  mechanical  stiinulatiun  I  which  waa  Uica  followed  by  the  tyiucal  aIuk  and  deep  respi- 
ratioiu  mmt%  under  the«e  conditionft.— {ZToiMcm.) 

the  thorax  in  the  stage  of  paRqive  evpimtion  rFig  277),  or,  second, 
the  rate  of  tlic  iiiK|iir;^rnrv  movements  may  b^  i^crpARPfl  Snd  this 
may  end  fiiiallvJn  an  inst)in^fory  ,«^fftnH<^^il|^ — that  jg,  the  respiratoiy 
movements  cease  with  the  chest  in  an  inspirator)-  position  (Fig. 279), 
the  '"fipiT^tiUn'  niuflcles  being  in  a  condition  of  tetanic  contraction. 
When  both  the  inspirator>'  and  exjjiratory  muscles  are  considered, 
the  variety  of  effects  that  ma>'  be  ohtainec!  from  stimulation  of  the 
afferent  fibers  of  the  vagus  is  perplexing,  esj)eciaily  with  strong 
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stimuli,  and  has  led  to  much  difFei-ence  of  o]>iiiion  amonj;  investi- 
gators.* Tho  two  mnin  efTerts  descriheti  above  are  usually  inter- 
preted to  mean  tliat  tlie  vafiii^  fnntnin.^  fwo  l;jnds  of  sensory  fibers 
which  are  distiibuted  to  the  lun^  and  act  normally  on  the  respira- 
tory center.  These  are:  07  The  inspiratory-  fillers,  wliose  eFect 
is  to  increase  the  rat^  of  inspiratory  discharge  from  the  respiratory 
center;  therefore  to  quicken  the  rate.  tfiyThe  expirator>'  (or 
inspiratory  inhibiting)  fihere.  whose  effect  is  to  inhibit  the  inspira- 
tory discharges,  partially  or  compfetely.  8ome  authors  find  it 
simpler  to  assume  only  one  kind  of  sensoiy  fil>er  and  to  explain  the 
different  result-s  bv  a  difference  in  the  nature  of  the  stimulus  or 


I 
I 


Fif!.  279. — Tti  illu.Htrai*  liic  in»[nrmnry  effect  frura  atiinulalion  nf  the  central  end  of 
the  vei^iin.  Ttic  dciwrixtrukr  rrprtsenirt  innpiraticm ;  l\kc  upfiinyke,  expiration.  During; 
the  periud  uf  stiinuLtttiun  tbo  reupiratiuiis  are  uicreaaed  iu  frequency  and  tlic  cbci^t  remains 


in  •  cxnidition  of  infl|>ini(iiiii.- 


in  the  condition  of  the  center:  but  it  seems  advisable  at  present. 
in  accordance  with  the  doctrine  of  specific  nerve  enerjpes,  to  hold 
to  the  view  of  two   varieties. 

Influence  of  the  Inspiratory  and  the  Inhibitory  Fibers  of 
the  Vagus  on  the  Normal  Respirations.— It  is  assumed  that 
these  two  sets  of  fibers  are  in  constant  activity  and  keep  the  re- 
spiratorA'  rate  more  rapid  than  it  would  be  otherwise.  Hence  the 
slowing  and  dee]>ening  of  the  respirations  when  the  vagi  arc  cut. 
The  way  in  which  these  senson'  fibers  are  stimulated  nomially  was 
referred  by  Hering  and  Breuer  to  the  alternate  expansion  and 
collapse  of  the  lungs.  Each  inspiration  stimulates  the  inhibitory 
fibers  in  conjgcxuence-oL_Lh£  expansion  of  the^Jungs.  and  thus  cuts 
short  the  inspiration,  pgnmturely,  as^it  were!  "So^at  each  expira- 
tion the  collapse  of  the  hmgs  stimulates  thft  insptm,fnry  fihprs~?rnTl- 
brings  on  an  inspiration  sooner  than  would  otherwise  occur.  In 
thw  way  ihe  respimtoiy  rate  is  kept  automatically  at  an  accel- 
erated rhythm.  This  hypothesis  bus  been  much  discussed 
anti  many  efforts  have  been  made  to  i>rove  or  disprove  it  by 
means  of  experiments.     The  result  of  this  work  tui  the  whfile 

*  For  di»ciiHHion  antl  literature,  see  Moltzer.  "\e\v  Vark  MetJical  Journal," 
January  IH^  1H90.  Ix^wfindowsky,  "Archiv  f.  Physiologio/'  iKlHi,  pp.  195  and 
483;  also  Sjijbloiii,  '"Skandinavbcties  Archiv  f.  Physiol,"  32,  1,  U»U. 
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tends  to  show  that  the  hyi>othesis  is  essentiiilly  correct.  Two 
kinds  of  afifcrcnt  fibers  exist  in  the  vagus,  one  of  which  is  slirnu- 
hited  by  expansion  of  the  lungs,  the  other  by  oollupse.  Thi« 
fact  is  shown  most  clearly  by  Kinthoven's*  experiments  wilh 
his  string-galvanometer.  When  the  vagus  nerve  is  cut  high  in 
the  neck  and  is  then  connected  in  the  usual  way  with  the  strine. 
galvanometer,  the  latter  shows  a  marked  action  current  tliroiigh- 
out  each  inspiration,  indicating,  therefore,  the  passage  of  aseriw 
of  nerve  impulses  durinp:  inspiration  (Fig.  280).  When  by  BUfiion 
the  lungs  were  collapsed,  another  electrical  variation  of  a  diffenpftl 
character  was  produced,  indicating  the  existence  of  a  scpwutc 
set  of  fibers  brought  into  action  by  the  diminution  in  volume  nf 
the  lungs-  In  quiet  respirations  the  expiration  conuwu  in 
merely  a  passive  return  to  what  may  be  called  the  neutral  nr 
norniid  volume  of  the  lungs,  and  in  this  movement  it  is  prohible 
that  the  inspiratory  fibers  are  not  affected,  being  stimuiatwj 
only  by  an  active  expiration.  We  may  assume,  therefore, 
with   Gad  that  the  normal   rate  of  respirations  is  maintained 


Fig.  280. — To  mIiow  tlip  **lertriail  chariKes  in  tlie  different  fibem  of  Ih"  v%fpi*  c«t» 
caused  by  the  ^effpi^illon^  unci  tho  henn  biwlA:  \',  The  tUeclrovacoffTmro.  Ihr  lanp*  vim 
are  rlpctricaJ  oMuAatioru  ffj'nchranouA  with  the  reapjnitory  movemeaUi.  Thv  trtuJlerocr* 
an  electrical  ch&niEea  synchranotu  with  the  heart  biaata;  F,  Mecbaaioal  rveord  of  tbc 
raipiratory  movements,  ascont  of  curve,  In^raiioo;  C,  Mechanical  record  ciif  pnbt  bate. 
(Frooi  Binlhavtn.) 


by  the  action  of  the  inhibitory  fibers  alone.  Each  inspiration 
is  cut  short  by  the  rnechanical  stimulation  of  these  fibers,  but 
on  the  collapse  of  the  lungs  the  new  inspiration  is  due  to  a 
normal  discharge  from  the  inspiratory  center. 

LocTTj't  has  shown  by  an  in^nious  experiment  that  the  exnAosiaa  of 
the  lungs  is  the  factor  that  actuHlly  stimulates  the  seiisorj'  fillers  and  quidt«» 
the  reKniratory  rate,  as  follows:  An  animal  was  made  to  breathe  pureoxjgV 
for  a  while  lo  dinplact'  the  nitrogen  in  the  alveoli.     The  chest  on  one  suie^ 

•  Einthoven,  "Quartrrlv  Journal  of  Exp.  Physiology,"  1908,  I,243:*te> 
"Reeearohes  of  the  PhyaioIoKif-al  Ijihoratorv  of'thc  UniverBitv  of  Le^'d«." 
VII     190K.  "  J  ^ 

T  "Archiv  f.  die  geaammle  Physiologie,"  42.  273. 
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say,  the  right  side — was  then  openexl  with  the  result  that  the  lunp  collapwed, 
and,  owing  to  the  rapid  absorption  of  the  oxygen,  socm  becanie  practically 
Bolid.  The  respirations  (rabbit^  ahowcci  their  noniial  rate — 66.  The  vagus 
nerve  on  the  left  aide  was  then  cut  and  immediately  the  respirations  took 
on  the  character  UHUaliy  shown  when  both  vagi  are  severed, — renpirations 
—  34.  Next  tlie  eollap.sed  right  lung  was  expanded  by  artificial  respiration, 
with  the  result  that  the  respiratory  rate  at  once  returned  to  normal. 

Respiratory  Reflexes  from  the  Larynx,  Pharynx,  and  Fose. 

— Thp_rQi]roi]si  iTu^rtiltnihp  of  the  lar>'iix  receives  its  sensory^  fibers 
from  the  «"i^^"^  hrvng^eal  nerve.  When  this  nerve  is  stimulated 
Artificiajlx  t.l»^  rRR|iirHiin[|ff  are  always  inhibited;  the  chesi  comes  to 
I  rest  in  the  position  of  paaaiveexptfaUon'  The  same  effect  may  be 
obtainecTfrom  the  sensory  fibers  of  the  gloasopharyngeal  supplying 
the  pharj'nx,  and  intieeil  a  temporary-  inhibition  of  respirations 
occurs  through  this  ner\'e  during  ever>^  act  of  swallowing.  The 
sensory  fil3er8  of  the  nasal  mucous  membrane  (trigeminal)  cause  a 
similar  reflex  inhibition  when  stimulated  by  injurious  or  so  called 
irrcspirable  gases,  such  as  HCI,  CI,  NH,,  80j,  etc.  We  may  regard 
this  inliibitory  influence  exerted  by  the  sensory  fibers  thstributed 
along  the  air  passages  as  a  protective  reflex  which  guards  the  lungs 
automatically  from  injurious  gases.  This  protective  action  is 
made  more  eviilent  by  the  fact  that,  together  with  the  cessation  of 
respirations,  the  glottis  is  reflexly  closed  by  contraction  of  the  ad- 
ductor muscles  and,  if  the  stimulation  is  strong,  even  the  bronchial 
musculature  may  l>e  contracted,  so  that  in  ever\'  way  the  passage 
to  the  alveoli  is  mafle  more  difficult.  The  reflex  is,  of  course,  more 
or  less  temporary,  hut  it  possesses  the  great  advantage  of  being 
automatic,  and  may  enable  the  animal  or  individual  to  escape 
unharmed  from  a  dangerous  locality  J3efore  the  increasing  irritabil- 
ity of  the  respiratory  center  breaks  through  the  inhibition.  In 
special  cases  the  inhibition  may  last  for  an  unusually  long  time. 
Thus,  Fredericq  states  that  in  aquatic  birds  water  allowe<l  to  flow 
over  the  l>eak  so  as  to  penetrate  slightly  into  the  nostrils  brings 
about  an  inhibition  of  respirations  for  many  minutes.  There 
would  seem  in  this  case  to  be  a  si>ccial  atlaptation  of  the  reflex  to 
the  needs  of  diving.  We  know  also  that  irritating  gases  or  foreign 
bodies  of  any  sort  that  enter  the  larynx  may  lead  to  a  coughing 
reflex, — ^that  is.  to  a  series  of  expiratory  blasts  which  have  a  pur- 
poseful end  in  the  expulsion  of  the  stimulating  object.  In  this  case 
there  is  not  simply  an  inhibition  of  the  inspiratory  movements, 
but  a  refiex  excitation  of  a  jwculiar  tyjx^  of  expiratory  movements. 
The  Voluntary  Control  of  the  Respiratory  Movements. — 
We  can  control  the  respiratory  movements  within  wide  limits,  make 
forced  or  feeble  inspirations  or  expirations,  accelerate  the  rhythm, 
or  completely  inhibit  the  respirations  in  any  phase.  If,  however, 
the  "breath  is  held," — that  is,  if  the  respiratory  movements  are 
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inhibitpfi  and  the  glottis  is  closed,  the  inrreasiiip;  irritability  of 
the  respiratory  center  eventually  breaks  through  the  volimtar)^ 
inhibitioti.  How  far  this  voluntar>'  control  is  based  upon  direct 
connections  between  the  cerel.>runi  and  the  respirator}'  center  and 
how  far  it  depends  ujxvn  voluntary  paths  to  the  separate  spinal 
nuclei  of  the  muscles  involved  cannot  l>e  discussed  profitably. 
The  Nature  of  the  Respiratory  Center, — The  respiratory 
center  located  in  the  medulla  oblongata  might  with  more  propriety 
be  designated  as  the  inspirator}^  center.  Chir  normal  respirations 
throughout  life  consist  of  an  active  inspiration  and  a  passive 
expiration.  It  is  the  co-ordinated  activity  of  the  inspirator}' 
muscles  that  is  characteristic  of  the  rospinitor}'  movements.  The 
expiratory  inusfles  come  into  action  only  occasiotialiy  and  under 
special  conditions.  So  also  when  we  describe  the  respiratory 
center  as  cssentiiilly  automatic  we  refer  only  to  the  action  on 
the  inspirator}'  muscles,  since  a  series  of  active  inspirator}*  mo\'e- 
ments  is  the  essential  feature  of  respiration.  Under  certain  con- 
ditions, however,  we  do  have  rhythmical  expiratory  movements, 
active  exjiiratians.  h?uch  movements  may  occur  indej:)endently 
of  the  rcsjjirations  proper,  as  in  coughing  and  laugliing,  or  in  the 
straining  movements  of  defecation,  micturition,  and  parturition; 
or  they  may  occur  as  an  integral  part  of  the  respirations,  as  in  the 
forced  movements  of  dyspnea.  Under  the  conditions  of  partial 
suffocation,  fur  instance,  as  the  blood  iK^comes  more  and  more 
venous  the  respirations  increase  in  force  and  active  expirations 
appear.  It  becomes  a  question,  therefore,  as  to  the  existence  of 
what  might  be  calle{|  an  expiratorv'  center,  a  group  of  nerve  cells 
controlling  the  co-ordinated  activity  of  the  expirator}'  muscles. 
The  mere  fact  that  in  dyspnea  we  have  a  rhythmical  and  co-ordi- 
nated activity  of  these  muscles  seems  to  implv  the  existence  of  such 
a  center,  but  there  is  no  definite  experimental  knowledge  as  to  its 
location.  Assuming  that  there  is  such  a  center,  it  may  he  believed 
that  it  exists  in  the  medulla;  since  after  section  lx?low  the  medulla 
there  is  no  evidence  of  the  occurrence  of  rh}'thmical  expiratory 
movements  even  in  extreme  conditions  of  venosity  of  the  blood. 
The  expirator}'  center  may  or  ma}'  not  lie  located  in  the  same 
region  as  the  inspirator}'  center,  but  the  following  general  char- 
acteristics nmy  l>e  jvssigned  to  it:  In  the  first  place,  it  is  not  auto- 
matic; at  least  not  under  normal  conditions.  In  the  second  place, 
its  activity  must  be  dcf^endent  in  some  way  upon  that  of  the  in- 
spiratory center.  Even  our  most  violent  respirator}'  movements 
show  an  orderly  sequence  of  inspiration  and  expiration, — and  we 
nmy  lx.»lieve  tliat  the  action  of  the  expirator}-  center  is  conditioned 
by  the  previous  discharge  of  the  inspirator}'  center,  just  as  in  the 
heart  the  beat  of  the  ventricle  depends  upon  the  previous  8}'8tole 
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of  the  auricle.  That  an  active  expinilion  in  not  rau.^ecl  rofiexly  by 
the  met-hanicaJ  expaiknion  of  the  lungs  seems  to  be  (Jeinonst  rated 
by  the  fact  that  the  most  forcible  vohmtary  in.spiratiGn  is  followed 
by  a  passive,  not  an  active  exjiiration.  Until  our  knowledge  is 
extended  by  further  experimental  work  we  may  consider  the  ex- 
pirator>'  center  as  a  group  of  cells  connected  by  definite  paths  with 
the  expiraton*  muscles  and  capable  of  l:>eing  stimulated  in  one  of  at 
least  four  general  ways:  (I)  In  special  reflexes,  such  as  coughing. 
(2)  By  voluntary  e(>ntn*l  from  the  cerebrum,  as  in  straining.  (3) 
By  stimulation  through  afferent  fibers  from  the  skin,  especially  the 
pain  fillers.  (4)  By  the  action  of  an  increasefl  venosity  of  the  blood. 
L'nder  the  latter  two  conditions  it  is  possible  that  the  iiritability 
of  the  center  is  so  increased  that  it  becomes  rcsponsive  to  the  in- 
fluence of  the  inspiraton*  center.  I'lie  relations  of  the  inspirator^' 
and  expiraton-^  centers  under  the  various  conditions  of  artificial 
stimulation  are  very  complex,  and  although  it  is  possible  to  rep- 
resent these  relations  more  or  less  completely  by  schemata  nf  some 
sort  it  does  not  seem  advisable  at  present  to  seriously  consider 
such  hypotheses. 

The  Accessory  Respiratory  Centers  of  the  Midbrain. — Several  obeen'era 
liave  calbJ  attention  to  the  exiHtern*e  <if  a  ims.sil)le  act-estjory  rcspiratorj*  center 
in  iJie  iiiiillirain  at  the  level  of  the  iKir*terior  t-ailiculus.  M art m  and  Bcx)ker 
found  that  stiinulatiotis  in  thi.^  reerioii  tuusetl  a  ruarked  incrcii^  in  the  rate 
ol  inspirator^'  movement's  aiui  finally  a  stantifitill  in  inspiration, — that  is, 
a  complete  tetanic  fontraftion  of  the  inspiratory  niusrles  liinting  during  the 
stimulation.*  I^ewandowskyf  haa  ;<hown  that  peotion  of  the  Ijrain  atem 
at  or  below  the  inferior  coUiculi  causes  an  alteration  in  the  respiratory  rhyilun 
similar  to  thut  f<illouinp  sertion  of  Ijoth  vaifi.  After  cutting  tlirough  the 
inferior  colUculi  further  weotiona  more  posteriorly  do  not  add  to  the  effect. 
He  conKidcrs  that  there  is  an  autornattc  inhibitory  center  in  the  midbrain 
which  influences  continually  the  automatic  activity  of  the  medullar)'  center. 


The  Nature  of  the  Automatic  Stimulus  to  the  Respiratory 
Center. — We  have  accepted  the  view  that  the  respirator)'  (inspira- 
tory) center  is  essentially  automatic,  although  ver>'  sensitive  to 
reflex  stimulation.  The  further  question  arises  as  to  the  nature  of 
the  automatic  stimulus.  Inasmuch  as  the  activity  of  the  center 
controls  the  gaseous  exchanges  of  the  blooti,  it  was  natural  ])erhaps 
for  physiologists  to  look  to  tlie  gases  of  the  hlooil  for  the  origin  of 
the  intenial  stimulus.  Exi)eriinent3  show  l>eyond  question  that 
the  condition  of  the  gases  in  the  blood  has  a  direct  and  marked 
influence  upon  the  actiWty  of  the  center.  If  for  any  reason  the 
blood  supplying  the  center  becomes  more  venous,  the  respirations 
are  increased  in  force  or  rate  or  both,  and  indeetl  the  activity  of  the 
center  is  in  a  general  way  increiised  in  [jroi>tjrtion  to  the  venasity 

•  Martin  and  liooker,  "Journal  of  Physiology,"  I,  370,  1878. 
t  "  Archiv  f.  Physiologic,"  1896,  489. 
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of  the  blood.  On  the  other  hand,  if  the  blood  suppl>'ing  the  oenter 
is  more  arterialized  than  normal,  by  active  ventilation  of  the  loo^s, 
for  instance,  the  center  acts  more  feebly  or  may  fail  to  art  alto^ther, 
giving  the  condition  known  as  apnea.  These  facts  may  be  accepted 
as  completely  demonstrated,  but  they  do  not  go  far  enough.  Whcii 
we  speak  of  the  arterial  blood  being  more  venous  than  normal  a* 
mean  that  it  contains  less  oxygen  and  more  carbon  dioxid  ihun 
normal  arterial  blood.  Which  of  theae  conditions  serves  to  atimulnif 
the  center,  and  which  may  be  regarded  as  the  constant  stimulitt 
thfdiighout  life?  The  three  possible  views  have  been  defended: 
(1)  That  the  normal  stimulus  is  a  lack  of  sufficient  oxygen  (Rcwpn- 
thal).  When  sufficient  O  is  supplied  the  center  cease?  to  art. 
becomes  apneic.  (2)  That  the  normal  stimulus  is  the  presence  of 
an  €*xcess  of  CO^,  (Traube).  When  this  excretion  is  quickly  re- 
moved the  center  cea.se.s  to  act,^ — becomes  apneic.  (3)  It  is  possibk' 
that  the  two  factors  may  co-operate.  Much  evidence  has  beea 
collect^  to  show  that  the  action  of  the  respiratory  center  is  in- 
creaseti  when  the  tension  of  the  COj  in  the  blood  is  raised  without 
altering  that  of  the  oxygen,  and  that  a  similar  result  is  obtaioal 
if  the  tension  of  oxygen  is  greatly  diminished  without  any  change 
in  that  of  the  carbon  dioxiil,  so  that  it  must  be  admitted  that  i 
change  in  either  factor,  if  sufficiently  great,  acts  as  a  stimuli^. 
Rxperiments,  however,  have  indicated  that  the  accumulation  of 
the  CO,  is  the  more  efficient  stimulus  of  the  two.*  Zuntz  report* 
the  following  interesting  experiments,  in  which  the  extent  of  thf 
respiratory  movements  was  measunxl  by  the  amount  of  air 
breathed  in  a  minute.  In  one  series  the  amount  of  ox>'gen  in  tJj? 
air  breathed  was  reduced.  This  change  did  not  affect  the  quan- 
tity of  carbon  dioxid  in  the  blood.  The  following  results  wew 
obtained: 


Normal  air volume  breathed  per  minute  =  7^25  to    9,000  c-C* 

Air  with  10  to  11.6  per 

cent,  oxygen "  "  "         "       =  8,166  to    0.42S    *" 

Air  with  8  to   10   per 

cent,  oxygeu "  "  "         "        =.  9.093  to  12,810   ** 

A  reduction  of  one-half  of  the  oxygen  in  the  air  breathed  had  littl^ 
effect  upon  the  respirations.     From  our  present  standpoint,  howH 
ever,  the  important  thing  is  not  the  amount  of  ox\gen  in  the 
but  the  amount  in  the  blood.     Paul   Bert's  experimentsf   upon 
living  animals  indicate  that  when  the  oxygen  of  the  air  is  reduc 
by  a  half  the  amount  of  oxygen  in  the  blood  is  diminished  by  abou 
one-third.  Assuming  tliis  to  be  correct,  it  is  evident  that  a  v\ 

•Soe  Zunta.  "Arohiv  f.  PhyBioIoeie,"   1897.  379.     See  also  Frie 
and  Herter,  "Ml.  f.  physiol.  Cheinie,     2,  99,  ami  3,  19. 
t  Bert,  "La  preeaioD  barom^trique/'  1878,  691. 


IimBRVATION   OF  THE   RESPIRATORY   MOVEMENTS. 


697 


I 

I 
I 


I 


I 


conaiderabJe  reduction  may  be  xxiade  in  the  oxygen  of  the  blood 
without  noticeably  affecting  the  respirations.  A  similar  conclusion 
may  be  drawn  from  Haltlane's  experimenta*  with  carbon  monoxid. 
He  found  ujxin  breathing  mixtures  of  this  gas  that  no  distinct  effects 
were  observable  until  the  blood  was  about  one-third  saturated  with 
the  gas, — that  is,  had  lost  one-third  of  its  oxygen.  Zuntz's  ex- 
oeriments,  in  which  the  €0,  in  the  air  breathed  was  increased,  while 
the  oxygen  remained  normal,  gave  quite  different  results,  as  follows : 

Normal  air volume  breathed  per  minute,    7,433  c.c 

Air  of  20.2  per  cent.  O,  0.05  per 

cent.  CO, "  "  "         "  9.060    " 

Air  of  18.06  per  cent.  O,  2.97  per 

cent.  CO, "  "         "         "        11,326    « 

Air  of  18.42  per  cent.  O,  11.5  per 

cent.  CO, "  "  "         "        32,404    '* 

These  and  similar  results!  yhow  that  small  difference.s  in  the 
amount  of  the  carbon  dioxid  in  the  blood  have  a  distinct  effect 
upon  the  activity  of  the  respiratory  center.  Under  normal  con- 
ditions the  respiratory  center  receives  blood  containing  19  to  20 
volumes  per  cent,  of  oxygen,  while  the  venous  blood  liowing  away 
from  the  center  still  holds  10  to  12  per  cent.  Considering  the 
small  effect  of  lowering  this  ox'j'gen  supply  by  one-third,  it  is 
difficult  to  believe  that  normally  the  amount  of  oxygen  is  so 
deficient  for  the  normal  metabolism  as  to  set  up  a  constant 
stimulus.  The  trend  of  recent  work  favors  rather  the  \iew^  that 
the  normal  stimulus  to  the  respiratory  center  is  the  carbon  dioxid. 
When  this  substance  is  present  above  a  certain  amount  or  tension 
it  acts  as  a  stimulus,  directly  or  indirectly,  and  gives  rise  to  the 
moderate  movements  of  normal  inspiration.  If  the  tension  of 
the  carbon  dioxid  is  increixsed,  the  stimulus  becomes  stronger  and 
leads  to  the  production  of  a  condition  of  h>7)erpnea  ancl  dyspnea. 
On  the  other  hand,  if  for  any  reason,  such  as  active  ventilation  of 
the  lungs,  the  tension  of  the  carbon  dioxid  in  the  blood  falls  below 
a  certiun  value,  estimated  by  Zuntz  as  bnng  between  19  and  24 
mms.,  no  stimulation  occurs,  the  center  i.s  in  a  condition  of  apnea 
and  respiratory  movements  cease.  Accepting  the  view  that  car- 
bon dioxid  in  the  blood  circulating  in  the  inedulhi  gives  rise  to  the 
normal  stimulus  to  the  respiratory  center,  one  naturally  inquires 
why  a  deficient  supply  of  oxygen  should  also  stimulate  the  center. 
It  is  true,  as  stated  above,  that  the  supply  of  oxygen  may  be 
diniiiiished  considerably  before  any  augmented  action  of  the  center 
is  observed,  but  there  seems  to  be  no  question  that  dyspneic  move- 
meats  result  when  the  oxygen  tension  falls  below  a  certain  point. 
One  explanation  has  been  suggested  which  may  be  accepted  pro- 

•  Haliliine,  "Joumiil  «if  Phvsiolog>-,"  18,  442,  IS95. 

t  tSee  Haldane  and  Prieetley,  ''Journal  of  Fhyaiology,"  32,  225,  1905. 
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visionally  at  least.  Wo  may  believe  that  in  the  metabolism  of  \he 
nerve  cells  constituting  the  center,  as  in  the  metabolism  of  Ihf 
muscle,  certain  organic  acids,  such  as  lactic  acid,  are  formed  whicii 
in  the  presence  of  a  normal  sujjply  of  oxygen  are  further  oxidii«i 
When,  however,  the*  oxygen  supply  is  insufficient  these  acida  may 
accumulate  and  serve  as  a  stimulus,  either  directly  or  indirwily. 
by  nuiking  the  cells  more  irritable  to  the  effect  of  the  cjirfxn 
dioxid.*  This  fwint  of  view  enables  us  to  understand  also  some 
interesting  re.^ults  of  the  effect  of  breathing  oxygen.  When  ria 
holds  his  breath  the  carbon  dioxid  tension  in  the  blood  increastt. 
and  eventually  the  stimulus  becomes  so  strong  that  respirations 
ensue  in  spite  of  the  strongest  effort  to  inhibit  them.  This  "bwtk- 
ing  point''  is  reached  t  in  23  to  77  seconds  after  the  carbon  dioxid 
in  the  alveoli  of  the  lungs  has  reache<l  a  concentration  of  6.2lo7i 
per  cent..  an<l  the  oxygen  is  reduceii  to  9  to  11  i>er  cent.  If  beforr 
holding  the  breath  the  lungs  are  fille<i  with  oxygen  by  taking  scvenl 
breaths  of  the  pure  gas,  the  l>reakii^  point  may  be  prolonged  to 
as  much  as  IGO  seconds,  and  one  observer  (Vernon)  reporte  thitif 
the  lungs  are  first  thoroughly  aerated  by  forced  breathing,  »  w 
to  wash  out  the  carbon  dioxid  in  the  alveoli,  and  at  the  end  purt 
oxygen  is  breathed  in,  the  l^reaking  point  may  be  deferred  as  long 
as  eight  minutes.  Evidently,  therefore,  an  accumulation  of 
carbon  dioxid  in  the  blood,  as  indicated  by  the  composition  of  the 
alveolar  air,  is  less  efficient  as  a  stimulus  to  the  center  when  in 
adequate  supply  of  ox>^gen  is  provided,  and  this  fact  may  be  ex- 
plained on  the  hypothesis  that  the  oxygen  prevents  the  accumulv 
tion  of  the  acid  products  of  metabolism. 

Thp  two  fundamental  facts  tliat  the  reHpiralory  center  is  utimulaUd  l>y 
excess  of  carbon  dioxid  and  by  Jt»fi<Mency  of  oxygen  have  been  brought  togrOtff 
by  an  hy|>otho«iy  which  liSHuriiC!*  ihut  tho  rosulting  offt^ct  is  the  same  in  bolh 
Cft»es4  According  '"  thi.s  view  Ihi'  t'ltrbon  dioxid  t\w»  not  Htiinulnlf  thccrtit** 
directly,  but  indirectly,  bf'riui8<'  hko  iiny  other  acid  in  sohition.  it  gives ritft'' 
tho  prcHiuctitm  of  hydroR«*n  ion^,  and  those  ions  coiietitute  a  sttmuhH  *hi(k 
beginis  Ui  be  efliftivi*  when  tliL^tr  concent  rution  }juaso»  a  certain  thnvhoU  vahK 
Lack  of  oxygen  brings  about  the  same  increase  in  concrntration  of  hvdw(* 
ions  owinR  to  the  fact  that  it  permits  the  accumulation  of  acid  pnwuctt" 
intermediary  metabolit^m,  proauct«  which  under  normal  eoDditions  »n  f^ 
moved  by  oxidation.  If  this  view  proves  to  be  correct,  it  w  ohvimiP  thrti* 
implies  further  that  the  acti\'ity  of  the  rpspiratory  center  constitu  ^  inA 

means  for  prescn-inp  the  neutrality  of  thp  blotxi,  since  in  pr»  "'" 

carbon  dioxid  concent  nit  ion,  and  therefore  the  hydrogen-ion  ....id-oi'' 

increflses  in  the  blood  the  respiratory  center  will  be  stimulatfHi.     ThpgrB*^ 
respiratory  movements  th^'n^by  pr<Klucefl  will  tend  to  remove  the  eioa*  j_ 
caroon  dioxid.   .\  further  problem  in  connection  with  the  action  of  thf  re 
tory  C4?nter  is  the  cause  of  its  rhythmic  activity.     The  underlying  tnwJv- 
of  this  rhythmicity  is  obscure,  but  it  is  possible  that  in  this  inslAnoe.  t 

•  HaJdane  and  Poulton,  "Journal  of  Physiology,'*  37,  390, 1W8, 
t  Hill  and  Flack,  "Journal  of  PhysioloKV,'*  37,  77,  1908. 
J  Winterstein.  *'Pfliiger*s  Archiv/'  13S,  167,  1911. 
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the  case  of  the  heart-muscle,  the  properly  is  dependent  in  some  way  n\yon 
the  nonnjil  balance  of  ciileiunj,  potaasium,  and  sodium  in  the  blood.  Varia- 
tions in  the  concentration  of  theae  elemeut«  cauae  marked  chanti;es  in  the 
rhythniieily.* 

The  Cause  of  the  First  Respiratory  Movement. — The  mani- 
malian  fetus  under  normal  roaditions  niakes  no  letipimtory  mo\'^ 
ments  while  in  utero.  After  birth  and  the  interruption  of  the  pla- 
cental circulation  the  first  breath  is  t-aken.  The  cause  of  this 
sudden  awakening  to  activity  on  the  part  of  the  reaj>irat/)ry  center 
must  be  closely  connected,  if  not  identical  with,  the  cause  f>f  the 
automatic  activity  of  the  center  thiTMighout  life.  Two  or  [jerhaps 
three  views  have  been  held  regarding  its  immediate  cause:  (1) 
That  it  is  due  to  the  increased  venosity  of  the  blood  brought  about 
by  the  intemiption  of  the  placental  circulation;  (2)  that  it  is  due  to 
stimulation  of  the  skin  by  handling,  drving,  etc.;  (3)  that  it  is  due 
to  a  comljination  of  these  causes.  Preyer  has  shown  that  stimula- 
tion of  the  skin  of  the  fetus  wiiile  in  iitero  and  with  the  placental 
circulation  intact  sufRcies  to  cause  respiratory  movements.  Cohn- 
stein  and  Zuntzf  have  shown  that  interruption  of  the  placental 
circulation  while  the  fetus  is  kept  bathed  in  the  amniotic  lii]uid  also 
brings  afjout  respirations.  Since  both  of  these  events  occur  normally 
at  birth,  we  may  believe  tlmt  eacli  aids  in  causing  the  first  respira- 
tion, and  intleed  it  may  be  necessary  at  times  deliberately  to  in- 
crease the  stimulation  of  the  skin  in  order  to  bring  on  respiratory 
movements.  If  the  two  causes,  stimulation  through  the  nerves  and 
stimulation  through  the  blood,  normally  co-operate,  it  may,  how- 
everj  be  said  that  the  essential  cause,  according  to  the  theory 
adopted  in  the  preceding  panigraphs,  lies  in  the  greater  venosity  of 
the  blood,  that  is.  the  increased  tennion  of  the  carbon  dioxid  follow- 
ing interruption  of  the  placental  circulation.  IHiring  the  intra- 
uterine period  it  is  evident  that  the  fetal  blood  is  aerated  so  well 
by  exchange  with  the  maternal  blood  that  it  does  not  act  as  a 
stimulus  to  the  fetal  ix'spiratoiy  renter.  The  fetus  is.  physiolog- 
ically speaking,  in  a  condition  of  apnea.  Since  the  matcrna!  blood 
acts  up>on  the  respiralon,'  center  of  the  mother,  while  the  fetal 
blood  which  exchanges  ga.ses  with  it  does  not  act  on  its  own  respira- 
toPf'  center,  it  follows  that  the  fetal  respiratoiy  center  possesses  a 
lower  degree  of  irritability  than  that  of  the  mother,  and  we  may 
assume  that  this  condition  is  due,  in  part  at  least,  to  the  absence 
of  somatic  anil  cutiinrous  stimuli  ui  the  protected  fetus. 

Dyspnea,  Hyperpnea,  Apnea. — By  the  term  dyspnea  in  its 
widest  sense  we  ojean  ^^nv  ni>tiffnhli^  ?T?^7^fff5?Mi^icTuR?Qr rate  of 
the  respiratory  t[iuvi'im.^iits.     As  said  nlH)VL%  such  a  condition  may 

*  Hfjoker,  ''American  .Journal  of  Phyftiology,"  31,  1913,  "Procewiings  of  the 
American  PhvHioloKicid  Society." 

tCohnstclu  and  Zunta,  "Arch.  f.  die  Rcsammtc  Phyaiol.,"  42,  342,  1888. 
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be  caused  either  by  stimulation  of  seusory  nerves,  particukrij 
the  pain  ner\'es,  or  by  an  increased  vt-no^'ity  of  tiie  blood— that 
iSi  by  an  increase  in  the  CO,  or  by  a  marked  decrease  in  the  oxj^rhl 
Changes  of  other  kinds  in  the  composition  of  the  blood,  aonie  of 
which  are  considere<l  in  the  next  rhapter,  may  also  slimulate  tiie 
respiratory  center  anci  cause  ciyspnea.  The  dyspneic  movem«iL< 
naturally  show  many  degrees  of  intensity  corresponding  with  tie 
strength  of  the  stimulus,  and  sometimes  the  initial  stages  m 
designated  as  hyperpnca,  while  the  term  dyspnea  is  resen'eti  for 
the  more  laborer!  hreathing  in  which  the  expirations  are  active 
and  forced.  When  dyspnea  is  produced  by  withholding  air 
(suffocation)  the  respiratory  movements  become  more  and  more 
violent  until  they  take  on  a  convulsive  character.  This  stap 
is  succeeded  by  one  of  apparent  calm,  indicative  of  exhaustion  of 
the  centers.  Deep,  long-drawn  inspirations  follow  at  int*r^'»lii 
and  finally  cease.  The  animal  lies  quietly,  with  feeble  heart  best 
and  dilatett  pupils,  in  a  condition  designated  as  asphyxia  or  com- 
plete asphyxia. 

The  tenn  apnea  means  literally  a  condition  of  no  breathing,  and 
since  this  condition  may  occur  from  several  causes  some  confusion  m 
nomenclature  has  resulted.  In  medical  literature  the  term  is  some- 
times employed  as  a  synonym  for  asphyxia  or  suffocation.  In 
phy8io]ogi(;al  literature  it  is  restricted  to  a  very  interesting  coih 
dition  which  is  of  great  im|K)rtance  with  reference  to  the  theories 
of  respiration.  This  condition  is  one  of  cessation  of  lireaihing 
movements  due  to  lack  of  stinuilation  of  the  respirator)'  center. 
It  is  brought  about  by  rapid  and  prolonged  ventilation  of  the 
lungs.  If.  for  instance,  in  a  rabbit  or  other  animal,  a  tracheal 
cannula  is  in.serted  and  connerted  with  a  bellows  or  resjiiralion 
apparatus,  the  lunge  may  be  inflattnl  artificially  at  a  rapid  r&t* 
for  any  given  period  of  time.  If  such  an  experiment  is  per- 
formed it  will  l)e  found  that  when  the  blasts  are  stopped  ibe 
animal  makes  no  breathing  movements  at  all,  sometimes  for  a  con- 
siderable interval.  When  the  respirations  start  again  they  t«inn 
with  feeble  movements,  which  gradually  increase  to  the  normal  aro* 
plitude  (Fig,  281 ) .  One  may  produce  a  similar  condition  upon  hin*- 
self » approximately  at  least,  Ijy  a  series  of  rapid,  forced  inspirationJ^- 
The  question  of  importance  is:  Why  does  the  respiratory  center 
cease  to  act?  The  numerous  researches  made  upon  this  t'onditi^io 
seem  to  show  very  clearly  that  in  the  ordinar>'  method  us«l  to  l»ro* 
duce  it  two  factors  co-operate,  namely,  a  change  in  the  conditioD  of 
the  gases  of  the  blood  and  a  stimulation  of  sensor\'  fil>ers  in  tbe 
lungs,  the  latter  factor  bringing  al>out  a  reflex  inhibition  of  the 
reepirator>'  center.  Since  either  one  of  tliese  factors  alone  may 
cause  a  cessation  of  breathing,  some  authors  have  distingui?'^^ 
two  kinds  of  apnea,  apnea  vera  or  chemical  apnea,  and  apnea  wigi 
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or  inhibitory  apnea.  1 1  is  generjill y  stated*  that  after  section  of  the 
vagi  it  is  more  difficult  than  in  the  normal  animal  to  pnxluce  apnea 
by  vigorous  artificial  rcspiratiun,  so  <:loul>tles.s  in  this  last  proce- 
dure, as  usually  carriwl  out  with  a  l>elloAvs,  the  rapid  stimulation 
of  the  inhibitory  fibers  of  the  vagus  by  the  expansion  of  the  lungs 
facilitate-s  tlie  prorlurtJon  of  a  true  or  chemical  apnea.  In  the  pre- 
ceding paragraphs  evidence  has  been  given  to  show  that  the  normal 
stimulus  to  tlie  center  is  due  to  the  presence  of  CO,,  and  it  fol- 
lows logically  that  the  more  complete  removal  of  this  gas  by  venti- 
lation of  the  lungs  should  ])e  consitlercHl  {is  the  chief  cause  of  true 
apnea.  ExperimentaUy,  this  view  is  well  borne  out  by  an  old 
observation  of  Berns,  according  to  which  a  condition  of  apnea 


n«-.  F^^ \~J^  show  th«  recovery  from  apnea.  The  animal  (rabbit)  had  h«*n  venti- 
utted  wjth  a  bellows  an-i  thrown  iiilo  a  condition  of  apnea  sh(^iwn  al  the  beKinninx 
of  the  racum.  The  re.-|)init)on.s  retumftd  firsl  a.*  feeble  movement!*  which  sraduailv  in- 
creased  to  the  normaJ. — iDawttm.) 


in  a  rabbit  may  be  cut  short  at  any  moment  by  a  blast  of  CO^ 
sent  into  the  lung-^,  a  blast  of  air  having  no  such  effect.  This 
observation  is  further  supported  by  experiments  by  Mossof  upon 
men.  in  which  he  shows  that  apnea  cannot  Ije  produced  by  inflation 
with  carbon  dioxid.  This  autl^^>r  df-si^n?it^s  thp  fon<tiHnn  of 
fl^inishe^^  ^'iUt  in  the  bltjod  as  acapnia.  According  to  this 
tennino!r>g3%  true  apnea  is  tim*  to  a. condition  of  acapnia. 

Much  other  work  has  tended  to  strengthen  the  general  view 
that  a  certain  tension  or  pressure  of  CO;  in  the  blood  is  neces- 
8ar>'  to  stimulate  the  respiratory  center,  and  that  if  the  CO,  is 
washed  out  to  a  certain  point  by  imusual  ventilation  of  the 
lungs  (condition  of  acapnia),  then  the  respiratory  center  ceases  to 

•Sto  Head,  "Journal  of  Phyniolog^-,"  10,  1,  und  279,  1889. 
t  MoBBo,  "Archives  italiennes  de  oiologii?/'  40,  1,  1903. 
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give  oflf  its  rh^i^hmie  discharges.  There  is  no  desire  to  breathe 
and  the  animal  lies  quiet  in  a  con<lition  of  apnea.  Voluntan* 
forced  respirations  in  man  maintained  for  some  minutes  will 
produce  a  similar  condition.  According  to  the  interesting 
account  given  by  Haldane  and  Poulton*  an  apnea  may  be 
produced  in  tins  way  which  will  last  for  100  to  150  seconds,  and 
before  the  individual  begins  to  breathe  again  he  may  become 
very  blue  in  the  face,  owning  to  the  loss  of  oxygen  from  the 
blood.  Hendersonf  ha.s  given  experimental  evidence  to  show 
that  a  marked  diminution  in  the  pressure  of  tlie  TO^  in  the  blotkl, 
brought  alxjut  by  forced  rcspirntioii,  may  cause  not  only  a  concli- 
tion  of  apnea  but  also  a  feehle  rapid  heart-heat,  with  fall  of  blood- 
pressure  and  the  symptoms  of  surgical  shock.  It  would  appear, 
therefore,  that  a  certain  tension  of  CO,  in  the  blood  is  necessjuy 
for  the  normal  irritability  of  the  vasoconstrictor  and  cardio- 
inhibitory  centers  as  well  as  the  respiratory  center.J  In  the  apneic 
condition  produced  by  rapid  ventilation  of  the  lungs  all  three 
centers  suffer  a  diminution  in  activity.  In  addition  to  the  factors 
discussetl  above,  namely  reflex  inhibition  or  excitation  through 
sensory  nerve  fibers  and  variations  in  the  rarhon  rlioxid  of  the 
blood,  it  is  to  be  borne  in  uiinii  that  this  irritable  center  may  Ix.* 
influenced  in  many  other  ways,  for  example,  by  the  specific  action 
of  various  drugs  or  toxins,  by  variations  in  the  inorganic  elements? 
of  the  blood,  etc. 

Innervation  of  the  Bronchial  Musculature. — Numerous 
investigators,  using  different  methods,  have  demonstrateci 
tlmt  the  bronchial  musculature  is  supplied  through  the  vagus 
with  motor  and  inhibitory  fibers,  )>ronchoconstrictor  and 
bronchodilator  fibers,  as  they  are  usually  called*?  Stinmlation 
of  the  constrictors  causes  a  narrowing  of  the  bronchi,  and 
therefore  increases  the  resistance  to  the  inflow  and  outflow 
of  air.  Some  observers  state  that  these  fibers  are  nor- 
mally in  a  ctjudition  of  tonic  activity  (Roy  and  Brown),  but 
others  find  little  evidence  for  this  belief.  An  artificial  tonus — 
that  is,  a  condition  of  maintained  activity  of  the  constrictor  fiber 
may  be  set  up  liy  the  action  of  a  number  of  drugs,  such  as  muscarin, 
pilocarpin,  and  physostigmin,  which  in  this  case,  as  in  so  many 
other  instances  of  autonomic  fibers,  are  supposed  to  stimulate  the 
endings  of  the  fibers  in  the  lungs.  Their  effect  is  removed  by  the 
action  of  atropin.  These  fibers  are  stimulated  also  during  the  ex- 
citatory stages  of  asphyxia.    Reflex  stimulation  of  the  constrictors 


•  MjiUJiirie  and  Poulton,  "Joi;nml  of  PdysioloR)-,"  37,  31 
1  Journal  of  Phyaiologj',"  21,  128, 


390,  1908. 

1908. 


t  lloniicrson,  "/Uiierinin* 

{See  MalhiBon,  '^Journal  of  Physiology."  42,  283,  1911. 
{  For  reference  to  literature,  sec  Dixon  and  Brodie,  "Journal  of  I*hya- 
otogy,"  29.  97.  1903. 
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ined  most  readily  (Dixon  and  Brodie)  by  irritation  of  the 
mucous  membrane,  and  it  seems  probable  that  in  bronchial 
spaamodic  asthma  these  fibers  are  also  stimulated  reflexly. 
The  normal  conditions  under  which  the  constrictors  and  dilators 
»re  brought  into  play  can  scarcely  l>e  stated.  Irritating  vapors  or 
even  COj  lead  to  a  bronchoconstriction  and  this  reflex,  as  stated  on 
p.  693,  may  be  regarded  as  protective.  When  a  constriction  of  the 
bronohial  musculature  exists  it  may  be  abolished  by  the  paralyzing 
action  of  atropin,  or  temporarily  by  injections  of  extracts  of 
lobelia  or  by  the  anesthetic  effect  of  inhalations  of  chloroform  or 
etber.    Nicotin  also  causes  a  dilatation. 


CHAPTER  XXXVIII. 

THE  INFLUENCE  OF  VARIOUS  CONDmONS  UPON 
THE  RESPIRATIONS. 

The  Effect  of  Muscular  Work  upon  the  Respiratory  MoT^ 
ments. — It  is  a  matter  of  cominon  experience  that  muscular  ex- 
ercise increases  the  rate  and  amplitude  of  the  respiratory  move- 
ments.   Roughly  speaking;  the  increase  is  proportional  to  tbe 
amount  of  muscular  work,  and  the  relationship  is  evidently  a  botf- 
ficial  adaptation.    The  greater  the  amount  of  woric  done,  the    I 
larger  will  be  the  amoimt  of  COj  produced  and  the  greater  will  be 
the  need  of  oxygen.    The  adaptation  was  formeriy  explained  in 
what  seemed  to  be  an  entirely  satisfactory  way  by  assuming  that 
the  increased  consumption  of  0  and  the  greater  production  of  CO, 
in  the  muscles  resulted  in  rendering  the  blood  more  venous,  and 
consequently  the  respiratory  center  was  stimulated  more  strongly, 
and  indeed  proportionally  to  the  muscular  effort.     Geppert  and 
Zuntz,*  however,  have  shown  by  gas  analyses  that  whatever  may 
be  the  condition  of  the  venous  blood  during  muscular  exercise 
the  arterial  blood  sent  out  from  the  left  heart  shows  no  constant 
change  in  the  quantity  or  tension  of  the  contained  gases.    They 
proved,  also,  that  the  effect  on  the  center  is  not  simply  a  reflex 
from  the  nerves  in  the  muscles,  since  when  .the  hind  limbs  were  made 
to  contract  by  stimulation  the  respiratory  center  was  affected  in 
the  usual  way  although  all  the  nerve  connections  were  destroyed. 
They  conclude,  therefore,  that  the  respiratory  effect  of  muscular 
work  must  be  due  to  certain  substances  produced  in  the  muscle  b^^^ 
given  off  to  the  blood.    Other  experiments  (liehmann)  make  ^^ 
probable  that  these  substances  are  the  acid  products,  lactic  acid  *^ 
acid  phosphates,  known  to  be  formed  in  muscle  during  contracti^^^ 
and,  indeed,  it  can  be  shown  that  the  lactic  acid  in  the  blooc^ 
increased  during  muscular  exercise,  t    It  is  not  probable,  howev    ' 
that  this  reaction  alone  suffices  to  explain  the  accelerated  respi 
tion  during  muscular  work.     The  time  required  for  this  char^ 
to  come  into  action  seems  to  be  too  long  to  make  it  effective 
a  protection  to  the  muscles.    Observations  show  that  the  respi 
tory  rate,  like  the  heart  rate,  is  increased  very  promptly  by  hea>^ 

*  Geppert  and  Zuntz,  "Archiv  f.  die  gcsaramtc  Physiologic,'*  42,  189,  1 
t  Ryffel,  "Journal  of  Physiology,"  39,  1909. 
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least  has  been  explained 

It  is  suggested,*  for  ex- 

ipulses  coming:  down  from  the 

into  the  medullary  coalers  and 

•iting  the  rardio-inhihitory  eente^r, 

ill'  the  respiratory  center  or  increase 

■<ponds  more  readily  to  it«  intrinsic 

Bt'icrf  begin  contracting;  they  need  more 

ice  more  carbon  tlioxid  to  be  removed. 

Supplies  mt)re  arterial  blood,  and  tfie  quicker 

for  the  removal  of  the  carbon  dioxid  and  an 

I  oxygen.     The  more  slowly  developing  change 

tlu'  l>liH>d,  owing  to  the  fonnation  of  acid  pnKluct-s 

^,  may  be  roj];arded»  (x^rlmps,  as  a  supplementary 

iH^ntinucd    nmscuhir   activity    for   also    raising   the 

of  the  respirator\'  center  and  thus  ensuring  deeper  and 

fud  breathing  movements. 

:    EfiFect   of   Variations    in   the    Composition   of   the    Air 
died. — Variations  in  the  amount  of  nitrogen  in  the  inspired 
have  no  distinct  physiological  effect.    The  important  elements 
-o  consider  are  the  oxygen  and  the  carbon  dioxid. 

Increased  Percentages  of  Oxygen, — ^The  normal  pressure  of  oxj'gen 
in  the  air  is  20  per  cent,  or  152  mms.  We  may  increase  this  pres- 
sure either  by  changing  the  volume  j:>er  cent,  of  the  gas  or  by  raising 
the  barometric  pressure  by  compression.  The  somewhat  natural 
Bupposition  that  breathing  pure  oxygen — that  is,  oxv'gen  at  a  pres- 
mire  of  760  mm. — should  have  a  beneficial  effect  on  the  o?ddations 
of  the  body  has  found  no  support  in  physiological  experiments. 
Atmospheric  air  supplies  us  with  an  excess  of  oxygen  over  the  needs 
of  the  body;  a  still  further  increase  of  this  excess  has  no  positive 
advantage.  This  is  true  at  least  for  orriinary  conditions  of  rest  or 
moderate  activity.  In  excctiwive  and  prolonged  musirular  exertion 
the  supply  may  be  inadc^iuatc,  and  under  these  or  similar  condi- 
tions an  increase  in  the  percentage  of  oxygen  in  the  respired  air 
would  naturally  be  advantageous.  Paul  Bert,  in  his  interesting 
work  on  barometric  pressures, f  has  called  attention  to  the  fact  that 
at  a  certain  pressure  oxygen  is  not  only  not  beneficial,  but,  on  the 
contrary,  is  marke<lly  toxic.  From  exjx^riments  made  upon  a  great 
variety  of  animals  and  plants  he  concluded  that  all  Hving  things  are 
killed  when  the  oxygon  pressure  is  sufficiently  high, — say,  300  to  400 
per  cent.  Warm-hloo<led  animals  die  wilh  convulsions  when  sul)- 
mittcd  to  3  atmospheres  of  pure  oxygen  or  15  atmospheres  of  air. 
At  these  high  pressures  the  blood  contains  about  28  vohimes  of  oxy- 

•  Krogh  and  Lindhnxr!,  "Journal  of  FhysioloKj',''  47.  112,  1<H4. 
t  '*La  pretwiun  biLTonu'lriqu*',"  p.  764,  Pann,  1878. 
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gen  to  each  100  rx.  oF  bl*}u(l  instead  of  the  usual  20  volumes.  The 
additional  8  volumt's  are  coatained  in  solution.  Fish  also  are  killed 
when  the  oxygen  ]>ressure  is  infTeavsed  to  such  a  point  that  the  water 
contains  10  volumes  of  dissolved  oxygen  to  each  100  c.c.  In  more 
recent  experiments  by  Smith,*  made  upon  mice,  it  was  found  that 
ox^-gen  at  pressures  of  100  per  cent,  to  130  per  cent,  proves  fatal 
in  a  few  days,  the  animals  showing  infiammator>'  changes  in  the 
lungs.  Ox}'gen  at  ISO  per  cent,  kills  mice  and  birds  within  twenty- 
four  hours.  Pressures  of  two  atmospheres  of  air  (40  per  cent.  0) 
have  no  injurious  effect.  No  adequate  chemical  explanation  can 
be  offereil  at  present  for  this  toxic  action  of  oxygen  at  high  tensions. 
The  matter  Is  one  of  jiractical  importance  in  connection  with  caisson 
and  submarine  work  and  the  thcrajjeutical  use  of  ox>'gen. 

Decreased  PerccjiUigcs  of  Oxygen. — Numerous  obser\'ers  (Bert, 
Zuutz,  et  al.)  havp  shown  that  a  fall  in  oxygon  pressure  has  no 
perceptibly  injurious  result  until  it  reiichevS  about  10  per  cent.  At 
or  somewhat  below  tiiis  pressure  the  hemoglobin  i»  unable  to  take 
up  ha  full  amount  of  oxygen,  and  the  body  consequently  suffers 
from  a  real  tieficiency  in  its  oxygen  supply,  a  condition  designated| 
as  anoxeira'a.  A(M'ording  to  Hert/s  experinienUd  results,  death  with" 
convulsions  quickly  follows  a  fall  of  atmospheric  pressure  to  250 
mms.  (oxygen  pres^sure,  50  mms,  or  <i  to  7  per  cent.).  Animals 
supplied  with  an  atmosphere  containing  a  deficient  amount  of 
oxygen  show  d>spiicic  respirations,  which  increase  in  ^^olence 
and  finally  become  convulsive. 

Increased  Fercejiiages  of  Carbon  Dioxid. — It  wiis  pointed  out 
clearly  by  the  researches  of  Friedlander  and  Hertert  that  death 
from  increased  percentages  of  CO^  is  accompanied  by  symptoms 
quite  (Htferent  from  tho.se  due  to  lack  of  oxygen.  As  the  CO,  is 
increased  a  noticeai)le  h>T>oqmea  may  be  observed  (Zuntz)  at  a 
concentration  of  about  3  per  cent.  When  the  concentration  of  CO, 
readies  S  per  cent,  to  10  or  15  per  cent,  there  is  distinct  <Iyspnea; 
but  bcyonil  this  point  further  concentration,  insteail  of  augmenting 
the  rcspjrati(jns,  decreases  them,  and  the  animal  tlies,  at  concen- 
trations (jf  40  to  50  per  cent.,  without  convul.sions,  but  with  the 
appearance,  rather,  of  a  fatal  narcasis.  Jt  is  probable  that  in 
theite  concent  r.ations  the  CO,  exercises  a  direct  toxic  action  on  the 
nerve  cells. 

High  and  Low  Barometric  Pressures,  Mountain  Sickness, 
Caisson  Disease,  etc. — High  barometric  pressures  arc  used  in 
submarine  work,  diving,  caisson  work,  etc.  As  stated  above,  it 
follows  from  the  work  of  Bert,  and  iSraith  that  when  the  pressure 


•  "Journal  of  Phvaiolog>'."  24,  19.  ISW). 

t  FricHtiiinder  and  HerLer,  "Zcitschrift  f.  phyaioL  Chemie,"  2,  99,  ISTS, 
and  3.  19,  1»79- 
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reaches  5  to  6  atmospheres  long  continuance  in  it  may  be  followed 
by  injurious  or  fatal  results  due  to  the  toxic  action  of  the  ox>-gen. 
If  the  pressure  is  increased  t-o  15  atmospheres  the  toxic  influence 
of  the  oxygen  brings  on  death  with  con\'ijlsions.  Practicalh', 
however,  such  pressures  are  not  encountered  in  submarine  work. 
A  caisson  is  a  wooden  or  steel  chamber  arranged  so  that  it  may 
be  sunk  under  water.  The  water  is  driven  out  by  air  under  pres- 
sure. Since  the  pressure  incre^ises  1  atmosphere  for  each  10 
meters  [33  feet),  it  will  be  seen  that  very  high  pressures  of  air 
are  not  usually  required.  Caisson  workers  are  at  times  attacked 
by  serious  or  even  fatal  symptoms,  not  while  in  the  compressed 
air,  but  during  or  after  the  ''decompression'^  that  is  necessary  in 
the  return  to  normal  conditions.  The  symptoms  consist  of  pains 
in  the  muscles  and  joints,  paralysis,  dyspnea,  congestion.  Those 
who  have  investigated  the  subject*  state  that  the  injurious  results 
are  due  to  a  too  rapid  decompression.  When  this  occurs  the  gases 
in  the  blood,  particularly  the  nitrogen,  are  suddenly  hberated  as 
bubbles,  which  block  the  capillaries  and  thus  produce  anemia  in 
different  organs.  If  the  decompression  is  effected  gradually  no  e\Tl 
results  follow. 

The  effect  of  low  barometric  pressures  is  chiefly  of  interest  in 
connection  with  residence  in  high  altitudes,  balloon  ascensions, 
etc.  At  certain  altitudes,  from  .300<)  to  4<)00  meters,  disagreeable 
8\'mptoms  are  exi>erienced  by  many  persons,  especially  after 
muscular  effort,  which  are  designated  usually  under  the  term 
mountain  sickness.  The  individual  so  affected  suffers  from  head- 
ache, nausea,  vertigo,  great  weakness,  etc.  Much  investigation, 
especially  of  recent  years,  has  Ijcen  devoted  to  this  subject. f  Paid 
Bert  concluded,  from  Jiia  numerous  experiment-a,  that  a  fall  in  baro- 
metric pressure  acts  upon  tlie  organism  only  in  so  far  as  there  is  % 
diminution  of  the  partial  pressure  of  the  oxygen  in  the  air  respired. 
This  view  has  been  generally  accepted  in  physiology,  and  mountain 
sickness  and  similar  disturbances  in  balloon  ascents  have  Ix^a 
explained,  therefore,  as  due  mainly  to  the  lack  of  oxygen, — that  is, 
to  the  condition  of  anoxemia.  Mosso,  on  the  contrar)',  has  insisted 
upon  the  part  played  by  the  carbon  dioxitl.  He  gives  experi- 
ments to  show  that  there  is  a  diminution  in  the  carbon  dioxid 
contents  of  the  blood  (a  condition  of  acapnia),  and  it  is  to  this, 
rather  than  to  the  anoxemia,  that  he  would  attribute  the  physio- 
logical result*!  of  low  barometric  pressures.     Other  authors  lay 

•  S<?e  Bert.  lor.  cit.,  p.  9^9;  iil.s«i  Hill  ami  Mtit-Lf^,  "Journal  ut  Phvsi- 
oloKy."  29.  ;i.S2.  ami  "Joiiriiiil  of  HyBiono;'  3,  407. 

t  See  "Zunts  **t  ul.  Htiht-nklini!!  u.  I^Tfiwainlerungen  in  ihmr  Wirkung 
Huf  d.  Mensclieti."  llcrlin,  \\i(M\.  Mosi«*i  and  Morro,  "Arcliives  itnlirnnfii  de 
liiologie,"  89,  ;JS7.  jiiso  vols.  40  aiui  41.  D(uikLis  et  ul,  '*I*hvsioloKit'aI  t  ^hsen'a- 
tioHi*  ma<]e  on  Pike'fl  Peak,"  etc.;  "Philosophical  Trans.,^'  LonJon,  B.  2U3. 
186.  1913. 
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stress  upon  the  mechanical  disturbances  of  the  lung  circulation, 
while  still  others  assume  tliafc  certain  vaguely  understood  coeniicil 
influences— such  as  the  electrical  condition  of  the  air,  its  ioniti- 
tion,  or  radiations  of  some  kind — may  affect  the  metabolisms  of 
the  body  and  thus  produce  the  symptoms  in  queetjon.  It  voull 
seem  that  the  whole  nmtter  is  more  complex  tlian  was  at  first 
supposed,  but  the  balance  of  e\'idence  indicat-es  that  the  rhief 
factor  in  the  prfxhit'tion  of  mountain  sickness  is  deficiency  in 
oxj'gon,  partieaiarly  when  the  oxygen  need  of  the  body  ik  increjiS(^, 
as,  for  example,  in  muscular  exercise.  Exp(.*rimonts  seem  to  show 
that  the  total  amount  of  oxygen  in  the  arterial  })K>od  may  not  be 
diminished,  owing  to  the  greater  iKTrentage  of  hemoglobin,  l»ut 
the  hemoglobin  is  less  saturated*  and  the  oxygen  is  under  slower 
pressiiro  and,  therefore,  it  is  not  supplied  st>  rapidly  to  the  listurs. 
At  very  hifih  altitudes  the  supply  of  oxygen  for  the  l>ody  probably 
exhibits  only  a  small  margin  of  safety,  and  we  may  sup|)Ose  tbat 
relatively  Uttle  museuhir  exercise,  with  its  attemlant  increase  in 
oxygen  consimiption^  will  suffire  to  deplete  the  supply  to  such  an 
extent  as  to  affect  the  brain  centers.  The  historical  inmlfnt 
of  the  death  of  Sivel  and  C'roc^^-Spinelli  at  an  altitude  of  >1600 
meters  (barometric  pressure.  2i)2nHns. ;  oxygen  pressure,  52.4  mntf.) 
gives  an  impressive  instance  of  the  pliysiological  effects  of  extwioe 
altitudes. 

The  inrulents  connerted  with  the  ascent  in  the  IwUoon  Zenith  of  SKH 
Croct*'-»Spinelii,  and  Tissanflier.  April  15,  lM7o,  are  dcficribed  in  detail  tiT  ^ 
last  named  in  *' I-a  Nature,"  1R75,  p.  337,  also  in  Bert'-^  "La  prewinn  hero- 
metriquc,"  p.  KKU.  Only  Tb^sandier  Min-iveil.  The  balloonists  wire  f»o* 
videtl  with  bajfs  containing  oxy^n  (72  per  cent.),  but  XUoy  were  uaabip  to 
make  saiisfactory  u^it*  ni  them  wnce  shortly  after  passing  7500  meters  tll*'yl'^ 
came  so  weak  tlmt  tlie  effort  to  raise  the  arm  t^>  seize  tht-  oxygen  tuw*" 
im|K)ssiblc.  Tisaandier's  graphic  description  relates  that  at  8000  roeWo 
it  was  impoflsihie  for  hitii  to  speak,  and  that  shortly  afterward  he 
entirely  unconscious.  None  i»f  tlie  three  sccm.*i  to  have  showD  any>, 
the  violent  dyspnea  that  usually  precedes  a-sphyxia  caused  by  lack  m  oxjl 
It  i.s  noteworthy,  however,  that  tfie  heart  Ixjatti  were  verj'  mnitl.  and  thuti 
CX()erieuced  at  firet  great  depre^v^ian  of  niu.-*cular  strcngtn  without 
cuiui'cioii.^ne^tt.  Tlte  on^et  of  coniplote  unconseiouimess  vae  sudden, ' 
preceded  by  feelings  uf  sleepiue-fis,  which,  however^  were  not  tut  , 
with  any  di«tre?^.  Ther*e  latter  facts  recall  tlie  condition.s  of  ** shock,'* 
would  tiuggc^^t  that  probably  the  rapid  lieurt  beat  was  an  indication  of  a  i 
fall  in  blood-presjiure,  wliicFi  may  have  lieen  directly  re«ix)nfible  for  the 
cular  weakness  and  final  uncon^iciouaiieaa  and  death. 


The  Respiratory  Quotient  and  its  Variations. — In  stud* 
the  gaseous  exchanges  of  resjiinition  one  ma>  detcmiiiie  the  vg 
tions  in  the  oxygen  ahsorl>ed  under  different  conditions  or  in 
carbon  dioxid  eliminated,  or  finally  in  the  ratio  of  one  to  the  ot 
^,  which  is  knol^^l  as  the  respiratory*  quotient.    In  short-L 
experiments  the  respirator}*  quotient  is  not  a  very  reliable  indie 
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of  the  extent  or  chanicter  of  the  physiological  oxidations  in  the  body, 
ance  any  alteration  in  the  depth  or  rapidity  of  the  respiratory 
movements  may,  by  changing  the  ventilation  of  the  alveoli,  make 
a  difference  in  the  output  of  CO3, — a  difference,  however,  which 
\eould  liave  no  significance  in  regard  to  the  nutritive  changes  of  the 
body.  In  longer  experiments  and  in  tliose  during  which  the  respira- 
tory movements  are  not  altered  the  determination  of  this  ratio 
throws  iigiit  upon  the  nature  of  the  material  that  is  undergoing 
uxidatidu  in  the  body,  as  will  be  apiiarnit  from  the  following 
considerations:  Under  ordinary  conditions  uf  rest  and  u[Mni  a 
mixed  diet  the  IL  Q.  varies  txMween  0.65  and  0.05  (Loewy)  or 
l>etwcen  0.75  and  0.89  (\Ia|2;nus  Ixvy).  If,  however,  the  material 
oxidized  in  the  body  is  entirely  carbohydrate,  the  R.  Q.  should  be 

CO 

equal  to  unity:  -0^=1.  All  the  oxygen  used  in  the  combustion 
might  be  considered  a.s  uniting  with  the  C  to  form  COj,  since 
enough  O  is  jjrcsent  in  the  sugar  to  account  for  that  used  in  oxidiz- 
ing the  H  to  HaO.     Or,  as  expressed  in  a  reaction, 


Dextrowa, 


6CO,  -I-  6H,0.     R.  Q.  =  J  =  1. 


The  number  of  molecules  of  CO3  formed  in  the  oxidation  is  equal 
to  the  number  of  molecules  of  O3  used.  If  fats  alone  are  oxidized 
in  the  body  the  R.  Q.  shoidd  he  low  (0.7)^  since  these  substances 
are  poor  in  oxygen  comjiured  with  the  amount  of  C  and  H  present 
in  the  molecule.  The  combufition  of  palmitin  may  Ije  represented 
as  follows : 

Pnlmitbi,  C,H,(C„H„0,),  -  C„H„Oj. 
2(C„H»OJ  +  1450,=-  102CO,  +  98H.O. 
R.  Q.  =  .^1  =  0.703. 


In  estimating  the  respiratory  quotient  for  proteins  one  must 

bear  in  mind  the  fact  that  these  substances  vary  somewhat  in 

composition    and.    moreover^    that    they    are    not    completely 

oxidized  in  the  body.     Calcuhitians  based  upon  the  amount  of 

unoxidized   carbon   an<l    liydrogcn   escaping   in   the   urine   and 

feces  give  the  average  figure  of  t).H01  for  the  R.  Q.  of  proteins. 

It  is  evident  from  these  statements  that  an  increase  in  the 

proportion  of  carbohydrate  footl  will  cause  the  R,  Q.  to  approach 

unity,   while  an   increase  in    protein    and   especially  in  fat  will 

H        lower  it^  value.     In   this   way  we    can    understand   the  actual 

I        variation  obser\'ed  in  the  average  respiratory  quotient  of  different 

I        classes  of  animals,  an  shown  in  the  following  brief  table  (Loewy): 


Horse,  herbivorouB — R.Q.  =0.960 
Sheep,  "  "     =0.1)00 

Man,    omnivorous        "    —0.800 
Dog,    c&mi  vorous        "    —  0. 750. 
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In  starvation,  when  the  body  is  living  only  on  its  own  protein 
and  fat,  the  R.  Q.  is  much  lower  than  under  a  normal  diet  with 
its  large  proportion  of  carbohydrate.  By  a  determination  of 
the  respiratory  quotient  before  and  after  varying  certain  con- 
ditions one  may  ascertain  whether  the  given  condition  causes 
a  change  in  the  character  of  the  body  metabolism.  For  example, 
this  method  has  been  used  to  ascertain  whether  muscular  work 
effects  any  change  in  the  nature  of  the  material  consumed  in 
the  body.  Experiments  made  upon  this  point  have  given  variable 
results.  In  a  recent  extensive  series  of  investigations*  it  is  stated 
that  the  R.  Q.  t^ends  to  rise  during  muscular  work,  especially  if  the 
work  is  severe.  Tlie  increase  observed  was  not  great,  from  0.85 
to  0.88  in  moderate  work,  but  so  far  as  a  ri.se  occurred,  it  was  in- 
terpreted to  mean  that  more  carbohydrate  material  (glycogen) 
was  being  oxidized.  Under  certain  special  conditions  the  respira- 
tory quotient  may  exceed  unity  or  fall  distinctly  be!ow  0.7.  A  rise 
to  a  value  over  unity  may  occur  temporarily  because  of  increased 
ventilation  of  tlic  alveoli-  Dri^pvr  and  more  rapid  breathing 
will  drive  oul  some  of  tlu*  C/O^  in  the  air  of  the  lungs  and  thus 
increase  greatly  the  R.  Q.  As  previously  stated,  this  increase 
ha.s  in  itself  no  nutritional  significance,  but  it  is  a  factor  that 
must  be  allowed  for  in  such  exi^erinients.  A  more  suggestive 
increase  of  tlie  R,  Q.  is  observed  during  convalescence.  In  this 
period,  as  is  well  known,  an  individual  may  increase  in  weight 
rapidly,  chiefly  from  the  laying  on  of  fat.  This  fat  is  made  in 
large  part  probably  from  the  carbohy<lrate  of  the  food.  An 
oxygen-rich  food,  therefore,  is  converted  to  an  oxygen-poor  one, 
BO  that  some  of  tin*  oxygen  must  be  split  off  partly  as  carbon  dioxid, 
and  there  is  a  larger  output  «>f  this  .-substance  in  the  expired  air. 
Modified  Respiratory  Movements.^  Laughing,  coughing,  yawn- 
ing, sneezing,  sobbing,  and  even  vomiting  may  be  considered 
as  modified  respiratory  movements,  since  the  same  group  of  muscles 
comes  into  play.  These  are  all  movements,  with  the  exception  of 
yawning^  which  may  be  regarded  as  reflexes  that  have  nothing  to 
do  directly  with  the  processes  of  respiration.  A  most  interesting 
variation  of  the  normal  type  of  respiration  is  known  as  the  Cheyne- 
Stokes  respiration.  It  occurs  in  certain  pathological  conditions, 
such  as  arteriosclerosis,  uremic  states,  fiitty  degeneration  of  the 
heart,  and  ©specially  under  conditions  of  increased  intracranial 
pressure.  It  is  characterized  by  the  fact  that  the  respirator}' 
movements  occur  in  groups  (10  to  HO)  separated  by  apneic  pauses, 
which  may  last  for  a  numlier  (^iO  to  40)  of  seconds.  After  each  pause 
the  respirations  begin  with  a  snmH  movement,  gradually  increase 

*  Benwiict  and  Cathcart,  "Muscular  Work,  etc.,"  Carnegie  Institution  of 

AVikshinnt^in,  1013. 
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to  a  maximum,  and  then  fall  ofT  gradually  to  the  point  of  complete 
cessation  (see  Fig.  282).  Groat  variations,  however,  are  shown  in 
the  character  and  number  of  the  respirations  during  tlie  so-called 
dyspneic  phase.  From  observations  made  hv  means  of  the 
Bphygmomanometer  Eystcr*  has  shown  that  in  this  condition 
there  are  also  rhj'thmic  waves  of  blood-pre.ssiu'e  (Traube-Heiing 
waves),  and  according;  to  the  relation  of  these  pressure  waves  to 
the  groups  of  respirations  the  CheynenStokes  cases  fall  into  two 
groups.  In  one  group  tlie  dyspneil^  phiise  coincides  with  a  fall 
of  blood-pressure  and  a  slowing  of  the  pulse-rate.  In  the  other 
group  the  reverse  i-clations  hold,  the  blood-pressure  and  pulse-rate 
both  rising  during  the  dyspneic  phase  and  falling  during  the  apnea. 
This  liUter  gmup  consists  of  cases  in  which  there  is  evidence  of 


F\g.  M2. — R&mrf!  flhnwinic  typical  rh*yiM!-Stok«a  re«)iratinn  (from    »  c»!W  of  aortic  and 
mitral  insufficiency  with  arL«rifMcIern«in).       Tni*  time  record  ^ves  A^^wads. 

increased  intracranial  tension.  Under  experimental  conditions 
the  author  was  al)le  (o  show  on  dogs  that  an  artificial  increase  in 
intracranial  tension  calls  forth  Cheyne-Stokes  respirations,  whenever 
it  happens  that  rhythmic  changes  in  bloo<l-pressure  are  produced 
of  such  a  character  that  the  blood-pressure  rises  and  falls  alternately 
above  and  below  the  line  of  intracranial  pressure.  It  is  probable, 
therefore,  that  in  the  clinical  cases  associated  with  a  rise  of  intrar 
cranial  pressure  the  blood-pres.sure  likewise  rises  and  falls  above 
and  below  intracranial  tension,  and   that  the  alternating  periods 

J  of  apnea  and  dyspnea  are  due  to  this  fact  in  this  class  of  cases. 
When  the  hlood-presstire  falls  below  intracranial  pressure  there 
it  a  condition  of  deep  anemia  of  the  medulla  sufficient  to  suspend 
the  activity  of  the  respiratory'  center.  The  following  rise  of  blood- 
pressure  by  forcing  m<»re  blood  through  the  medulla  calls  forth  a 
group  of  respiratory  movements. 

L  •  Eyster,  '*JournaJ  of  Experimental  Medicine,"  1900. 
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By  examination  of  the  expired  air  Pembrey*  has  shown 
that  during  the  dyspneic  phase  the  percentage  of  CO,  in  the 
alveolar  air  is  markedly  diminished  (2  per  cent.),  and  he  believes, 
therefore,  that  the  following  phase  of  apnea  is  due  entirely  tc 
this  washing  out  of  the  CO,,  that  is,  to  the  removal  of  the  normal 
stimulus  to  the  respiratory  center.  Practically  he  finds  that 
the  apneic  phase  can  be  removed  by  the  administration  of 
either  pure  oxygen  or  carbon  dioxid  (2.2  to  11.2  per  cent). 
Pembrey  does  not  give  the  clinical  histories  of  his  patients,  but 
apparently  he  has  studied  cases  belonging  chiefly  to  Eyster's 
first  group.  None  of  the  suggestions  made  at  present  seem  to 
account  adequately  for  the  very  labored  breathing  at  the  acme 
of  the  dyspneic  phase,  and  the  phenomenon  evidently  requires 
further  experimental  study. 

More  or  less  rhythmical  variations  in  the  strength  of  the 
breathing  movements  have  been  described  also  in  normal  sleep, 
hibernation,  chloral  narcosis,  high  altitudes  etc.,  but  nothing  w 
definite  and  characteristic  as  in  these  very  interesting  Cheyne- 
Stokes  cases. 

•  Pembrey,  "Journal  of  Pathology  and  Bacteriology,"  12,  258.  1908. 
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CHAPTER  XXXIX. 
HOVEHENTS  OF  THE  ALIMENTARY  CANAL 

Mastication, — Mastication  is  an  entirely  voliintan-  act.  The 
articulation  of  the  niandihles  witli  the  skull  permits  a  variety  of 
movements;  the  jaw  may  be  raised  and  lowered,  nmy  be  projected 
and  retracted,  or  may  be  inove<l  from  side  to  side,  or  various  com- 
binations of  these  different  directions  of  movement  may  be  effected. 
The  muscles  concerned  in  these  movements  and  their  innervation 
are  describe<i  as  follows:  The  masseter,  temjjoral,  and  internal 
pterygoids  niise  the  jaw;  these  muscles  are  innervatetl  through  the 
inferior  maxillarv  division  of  the  trigeminal.  The  jaw  is  depressed 
mainly  by  the  action  of  the  iligastric  muscle,  assisted  in  some  cases 
by  the  mylohyoid  and  the  geniohyoid.  The  two  former  receive 
motor  fibers  from  the  inferior  maxillary  division  of  the  fifth  cranial, 
the  last  from  a  hranch  of  the  hypoglossal.  The  lateral  movements 
of  the  jaws  are  produced  by  the  external  pter>'goids.  when  acting 
separately.  Simultaneous  contraction  of  these  muscles  on  both 
sides  causes  projection  of  the  lower  jaw.  In  tins  latter  case  forcible 
retraction  of  the  jaw  is  produced  by  the  contraction  of  a  part  of  the 
temporal  muscle.  The  external  pter>'p:oifls  also  receive  their  motor 
fibers  from  the  fifth  cranial  nerve,  through  its  inferior  maxillary 
division.  The  grinding  movements  commonly  used  in  masticating 
the  food  between  the  mnlar  teeth  are  produced  by  a  combination  of 
the  action  of  the  external  pter>'^ogids,  the  elevators,  and  perhape 
the  depressors.  At  the  same  time  the  movements  of  the  tongue 
and  of  the  muscles  of  the  cheeks  and  lips  serve  to  keep  the  food 
properly  placed  for  the  action  of  the  teeth,  and  to  gather  it  into 
position  for  the  act  of  swallowing. 

Deglutition. — The  act  of  swallowing  is  a  complicated  reflex 
movement  which  may  be  initiated  voluntarily,  but  is,  for  the  most 
part,  completed  quite  independently  of  the  will.  The  classical 
description  of  the  act  given  by  Magendle  divides  it  into  three  stages, 
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corresponding  to  the  three  anatoniical  regions — mouth,  phania, 
and  esfjpliagus — through  which  the  swallowed  morsel  paeees  on  iti 
way  to  llic  fitomach.  The  first  stage  consists  in  the  paasigeof  the 
bohis  of  food  tlirough  the  isthmus  of  the  faucee, — that  Ls,  the 
opening  lying  ijetween  the  ridges  formed  by  the  palatogloesi  muscla, 
the  so-failed  anterior  pillars  of  the  fauces.  This  part  of  the  ftct  H 
usually  ascrii>ed  to  the  movements  of  the  tongue  itself.  The  bc»Iu8 
of  food  Iv'ing  upon  its  upjxir  surface  is  forced  backward  by  the  ele- 
vation of  the  tongue  against  the  soft  palate  from  the  tip  toward 
the  base.  I'his  portion  of  the  movement  niay  be  regardcti  as  vol- 
untary, to  the  extent  at  least  of  manipulating  the  food  into  its  proper 
position  nil  the  dorsum  of  the  tongue,  although  it  is  open  to  doubt 
whether  llie  entire  movement  is  usually-  effected  by  a  vohmtan' 
act.  Under  normal  contiitions  the  presence  of  moist  food  upon  ll»e 
tongue  seems  essential  to  the  complete  execution  of  the  act ;  and  an 
attempt  to  make  the  movement  with  very  dr>*  material  upon  the 
tongue  is  either  not  successful  or  is  performed  \Nith  difficulty.  The 
second  act  comprises  the  passage  of  the  lx>lus  from  the  isthmus  of 
the  fauces  to  the  esophagus, — that  is,  its  transit  through  the  phartTO. 
The  pharynx  being  a  common  passage  for  tiie  air  and  the  food, ills 
imp>rtant  that  this  jmrt  of  the  act  should  be  consununated  quickly. 
According  to  the  older  description,  the  motor  power  driving  the 
bolus  downward  through  the  phar>'nx  is  derived  from  the  contw- 
tion  of  the  phar>'ngeal  muscles,  particularly  the  constrictors,  whicl 
contract  from  above  downward  and  drive  the  food  into  the  esopha- 
gus. Ivronecker  and  Meltzer,*  however,  have  shown  that  the  con- 
traction of  the  mylohyoid  nmscle  in  the  floor  of  the  mouth  ia  the 
most  imix)rtant  factor  in  this  act  of  shooting  the  food  suddenly 
through  the  phar\*nx  into  the  esophagus.  The  contraction  of  this 
muscle  marks  the  beginning  of  the  purel}'  involuntar>'  part  of  the 
act  of  swallownng.  The  bolus  of  food  lies  upon  the  dorsnini  of  the 
tongue  and  by  the  pressure  of  the  front  of  the  tongue  againM  the 
hard  piilate  it  is  shut  off  from  the  front  part  of  the  mouth  cavity. 
When  the  mylohyoids  contract  8harpl\'  the  bolus  is  put  under  pres- 
sure and  is  shot  into  and  through  the  pharynx.  This  effect  is  aided 
by  the  contraction  of  the  hyoglossi  muscles,  which  by  moxing  the 
tongue  backward  and  downward  tend  to  increase  the  prcagure  put 
upon  the  food.  Simultaneously,  a  number  of  other  muscles  are 
brought  into  action,  the  general  effect  of  wliich  is  to  shut  off  the 
nasal  and  lar>'ngeal  openings  and  thus  prevent  the   entrance' 

♦  Kroneoker  and  Meltzer,  "  Archiv  f.  PhvsioIoKie,"  18R3,  saippl.  volfll 
p.  328;  also  "Journal  of  Exneriinental  Meiiicine,"  2,  4.53,  1897.  For  UUf 
work,  eonsuli  Cannon  and  Maser,  "  Amerifan  Journal  of  Physiolog)*, "  ^t 
43.''>,  189S;  S<'hreil>er,  "  Arrhiv  f.  expcr,  Patliol.  u.  Pharmakologit, **  «. 
414,  l&Ol;  and  Eykman,  "  Archiv  f.  die  g;es&mmte  Physiologie, "  90,  W* 
1903. 
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food  into  the  corresponding  cavities.    The  whole  reflex  is  there* 
fore  an  excellent  example  of  a  finely  co-ordinated  movement. 

The  following  events  are  described:  The  month  ca\'ity  is  shut 
off  by  the  position  of  the  tongue  against  the  palate  ami  by  the  con- 
traction of  the  muscles  of  the  anterior  pillars  of  the  fauces.  The 
opening  into  the  nasal  cavity  is  closed  by  the  elevation  of  the  soft 
palate  (action  of  the  levator  palati  and  tensor  palati  muscles)  and 
the  contraction  of  the  posterior  pillars  of  the  fauces  {palatophan^n- 
geal  muscles)  and  the  elevation  of  the  uvula  (azygos  uvulie  muscle). 
The  soft  palate,  u^aila,  and  posterior  j>illars  thus  form  a  8lo]>ing 
surface  shutting  off  the  nasal  chamber  and  facilitating  the  passage  of 
the  food  backward  through  the  pharynx.  The  respirator}'  opening 
into  the  lar\'nx  is  closed  by  the  adduction  of  the  vocal  conls  (lateral 
crico-arytenoids  and  coastrictors  of  the  glottis)  and  by  the  strong 
elevation  of  the  entire  larynx  and  a  depression  of  the  epiglottis  over 
the  larynx  (action  of  the  thyrohyoids,  digastrics,  geniohyoids^  and 
mylohyoids  and  the  muscles  in  the  ar\'ten(>-epiglottidean  folds). 
If  the  elevation  of  the  larj-nx  be  prevented  by  fixation  of  the  thy- 
roid the  act  of  swallowing  becomes  impossible.  There  is  also  at 
this  time,  apparently  as  a  regidar  part  of  the  swallowing  reflex, 
a  slight  inspiratory  movement  of  the  diaphragm,  the  so-called 
swallowing  respiration.  The  movements  of  the  epiglottis  during 
this  stage  of  swallowing  hav^e  been  much  disctissed.  The  usual 
view  is  that  it  is  pressed  down  upon  the  laryngeal  orifice  like  the  lid 
of  a  box  and  thus  effectually  protects  the  respiratory  passage.  It 
has  been  shown,  however,  that  removal  of  the  epiglottis  iloes  not 
prevent  normal  swallowing,  and  8tuart  and  McCormick*  have 
reported  the  case  of  a  man  in  whom  part  of  the  pliar>"nx  had  been 
permanently  removed  by  surgical  operation  and  in  whom  the 
epiglottis  could  be  seen  during  the  act  of  swallowing.  In  this 
individual,  according  to  their  observations,  the  epiglottis  was  not 
folded  back  during  swallowing,  but  remaine<:l  erect.  Kanthack  and 
Anderson  t  state  that  in  normal  indi\iduals  the  movement  of  the 
epiglottis  backward  during  swallowing  may  be  felt  by  simply  passing 
the  finger  back  into  the  pharynx  until  it  comes  into  contact  with  the 
epiglottis.  According  to  most  observers,  it  is  not  necessary  for 
the  protection  of  the  larj'nx  that  the  epiglottis  shall  be  actually 
folded  down  over  it  by  the  contraction  of  its  own  muscles.  The 
forcible  lifting  of  the  larj'nx,  together  with  the  descent  of  the  base 
of  the  tongue,  effects  the  same  result  by  mechanically  crowding  the 
parts  together,  and  the  lar>^nx  is  still  further  guarded  by  the  ap- 
proximation of  the  false  and  true  vocal  cords,  thus  closing  the  glottis. 
The  whole  act  is  ver>'  rapid  as  well  as  complex,  so  that  not  more 

♦"Journal    of    Anatomy    aaid    PhvsioIog.v,"    1892. 
t  "Journal  of  PhyBiology,"  14,  154,  1893. 


716 


PHYSIOLOOY  OF  DIGISTION  AND  SECRETION- 


than  a  second  elapses  between  the  beginning  of  the  contraction  rf 
the  mylohyoids  and  the  entrance  of  the  food  into  the  upper  end  <rf 
the  esophagus. 

Hie  passage  of  the  footl  through  the  esophagus  differs  apj 
with  its  consistency.     When  the  food  is  liquid  or  ven'  soft  Kroi 
and  Meltzcr  have  shown  that  it  is  shot  through  the  whole  lengtL  of 
the  esophagus  by  the  force  of  the  initial  act  of  swallowing.   It 
arrives  at  the  lower  end  of  the  esophagus  in  about  0.1  sec..  azKl  mir 
pass  immediately  into  the  stomach  or  may  lie  some  moments  in  thf 
esophagus  according  to  the  conditions  of  the  sphincter  guardinif 
the  cardiac  orifice.     When,  however,  the  food  is  solid  or  «mi- 
solid,  as  was  shown  by  Cannon  and  Moser,  it  is  forced  down  the 
esophagus  by  a  pc^ristaltic  movement  of  the  musculature.    The 
circular  muscles  are  constricted  from  above  dov\'nward  by  an  J»l- 
vancing    muscular   wave.     The   upper   portion    of   the  esopha- 
gus contains   cross-striat'Cd   fibers   indicating   rapid   contrectioD; 
the  lower  end  consists  of  plain  muscle  only,  while  the  intennedltte 
portion  is  a  mixture  of  the  two  varieties.     Kronecker  and  Melticr 
believe  that  each  of  these  segments  contracts  as  a  whole  and  is 
orderly  succession,  but  other  obsen'ers,  on  the  CAidence  fumigbri 
by  Roentgen-ray  photographs,  agree  that  there  is  no  perceptible 
pause  in  the  downward  movement  of  the  wave  of  contraction.  Tbeie 
8an;e  movements  occur  in  the  swallowing  of  liquid  or  soft  food,  but 
in  such  cases  the  peristaltic  wave  follows  the  actual  descent  of  tbe 
food.    According  to  the  ol>ser\'ation  of  Kronecker  and  Meltaer.il 
takes  about  6  sec.  for  the  peristaltic  wave  to  reach  tlie  stomach, 
and  the  passage  of  the  food  through  the  cardia  takes  place  with 
sufficient  energy  to  give  rise  to  a  murmur  that  may  be  beard  hv 
auscultating  over  this  region.     In  the  case  of  the  more  liquid  food 
that  is  shot  at  once  to  the  lower  end  of  the  efwphagus.  it  may 
apparently  pass  at  once  into  the  sti>niach  or  it  niay  lie  in  th*? 
esijphagus  until  llii*  wave  of  contraction  reaches  it   <.6  sec.)  and 
forces  it  through  the  opening.      AccorcUng  to  tiie  obsen'alions 
made  by  Hertz,*  liquids  or  liquid  food  are  held  up  at  the  end 
of  the  esophagus  and  pass  slowly  into  the  stomacli  throuj;b  th^ 
sphincter.       He  estimates  that  an  interval  of  from  4.6  to  86 
sec.  elapses  befon^  the  swallowed  bolus  fiisappears  into  the  stom- 
ach,  about   one-half  of  thi^  time  being   occupied   by  the  ?•*• 
sage  to  the  bott-oni  of  the  esophagus  and  one-half  in  the  tnui- 
sit  through  the  f-ardiaf  (vrificr*  of  the  stomach. 

Nervous  Control  of  Deglutition. — The  entire  act  of  swallowint 

as  has  Ix^n  said,  is  essentially  a  reflex  act.    Even  the  corapariiivcly 

simple  wave  of  contraction  that  sweeps  over  the  t'sjophagus  is  d\if 

to  a  reflex  nervous  stimulation,  and  is  not  a  simple  conduction  of 

•  Hertai.  "Guy's  Hospit-al  lleports,"  (51,  389,  1907. 
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contraction  from  one  portion  of  tlie  tube  to  another.  This  fact  waa 
demonstrated  by  the  experiments  of  Mosso,*  who  found  that  after 
removal  of  an  entire  segment  from  the  esophagus  the  peristahic 
wave  passed  in  due  time  to  the  j>ortion  of  the  esophagus  left  on  the 
Btomach  side,  in  spite  of  the  anatomical  break.  The  same  experi- 
ment was  performed  successfully  on  rabbits  by  Kronecker  and 
Meltzer.  Observation  of  the  stomach  end  of  the  esophagus  in  this 
animal  showetl  that  it-  went  into  contraction  two  seconds  after  the 
beginning  of  a  swallowing  act  whether  the  esophagus  was  intact  or 
ligated  or  completely  divided  liy  a  transverse  incision.  A  still 
more  striking  proof  of  the  same  fact  ib  the  interesting  case  cited 
by  V.  Mikulicz  of  a  man  in  whoiti  a  portion  of  the  esophagus 
had  been  resected  on  account  of  a  carcinoma.  The  lower  end 
of  the  esophagus  was  given  a  fistulous  opening  in  the  neck  and 
and  it  was  found  that  ftiod  introduced  into  this  opening  was 
not  moved  toward  the  stomach  until  the  patient  made  a  swallow- 
ing nH>vemeiit.t  The  afferent  nerves  cimcerned  in  this  reflex 
are  the  sensory  fibers  to  the  mucous  membrane  t>f  the  pharynx 
and  esophagus,  including  l>ranches  of  the  glossopharyngeal, 
trigendnal,  vagus,  and  superior  laryngeal  division  of  the  vagus. 
Aitificial  stimulatiim  of  this  lust  nerve  in  the  lower  animals 
is  known  to  produce  swallowing  movements.  Several  observers 
have  attempted  to  rietermine  the  precise  area  or  areas  in  the 
pharyngeal  membrane  from  which  the  sensory  impulses  lib- 
erating the  reflex  normally  start.  According  to  Kahn.J  the 
most  effective  areas  from  whose  stimulation  the  reflex  may  be 
produced  var>'  in  location  in  different  animals.  In  the  rabbit  the 
reflex  is  originated  most  easily  by  stimulation  at  the  entrance  to 
the  pharynx — the  soft  palate — along  the  line  extending  from  the 
posterior  eilge  of  the  hard  palate  to  the  tonsils  (superior  maxil- 
lary- branch  of  trigeminal);  in  the  dog  irritation  of  the  posterior 
phar>'ngeal  wall  is  most  effective  (glossopharyngeal  ner\'e);  in 
monkeys  the  area  is  approximately  as  in  rabbits, — that  is,  in  the 
region  of  the  tonsils.  The  motor  fibers  concerned  in  the  reflex 
comprise  the  hypoglossal,  the  trigendnal,  the  glossophar>'ngeal, 
the  vagus,  and  the  spinal  accessory.  For  an  act  of  such  complexitj* 
and  such  perfect  co-ordination  it  has  been  assumed  that  there  is  a 
special  nerve  center,  the  swallowing  or  deglutition  center,  which  has 
been  located  in  the  medulla  at  the  level  of  the  origin  of  the  vagi. 
There  is  little  positive  knowledge,  however,  concerning  the  existence 
of  this  center  as  a  definite  group  of  intermediarv'  ncr\'e  cells,  after 
the  type  of  the  vasoconstrictor  or  respirator^'  center,  which  send 
their  axons  to  the  motor  nuclei  of  the  several  efferent  nerves  con- 

•  MolenrhotrH  "Unicrsuchunfcen,"  1876,  volume  xi. 

t  Qiiotwl  from  Cohnhpim  in  NaKel's  "Hamlhurh  4.  Phyniologie/' 

X  Kiiha,  Wrchiv  f.  Physiologic/  1903,  suppl.  volume,  SS^. 
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cemed.  As  in  the  cjisc  of  other  complioat^nl  refl<'X  act-s,  we  fjin  oulv 
say  that  tlie  deghitition  reflex  is  controlled  by  a  definite  aa\am 
mechanism  the  ftnal  motor  cells  of  whicli  are  scattered  in  these^tral 
motor  nuclei  of  the  efferent  nerves  mentioned  alx)ve. 

So  far  as  th*-  esophiigus  is  concerned,  the  motor  fibeTB  uv 
reoeive<l  from  the  vagus,  and  in  normal  Kwallowing  these  fi!>er& «» 
excited  n^flexly  from  the  pharynx  at  the  beginning  of  the  act. 
That  is  to  say»  the  initial  sensory  stimulus  in  the  pharynx  liberate 
a  series  of  reflex  movements  which  begin  with  the  contraction  of  the 
mylohyoid  muscle  and  end  with  a  peristaltic  wave  that  progresM 
in  orderly  fa^shion  along  the  esophagus.  It  has  been  shovn, 
however,  that  the  IkjIus  when  it  rearhes  the  esophagus  niay  5Urt 
a  different  oriler  of  reflexes  by  local  stimulation  of  the  senson.' fiben. 
These  stinmll  lead  to  reflex  contraction  of  the  musculature  abovr 
the  lx>lus,  and  thus  a  series  of  reflexes  are  hl>erated  which  are  soft- 
cient  to  move  the  bolus  downward.  If  the  primary'  reflex  initi&tpd 
at  the  bt^ginninp;  of  the  swallow  proves  inefficient,  that  U  to  aay. 
if  it  succeeds  only  in  forcing  the  IxjIus  into  the  top  of  the  esophagusi. 
it  may  be  assumed  that  this  secondary  or  accessory  mechaiiin 
comes  into  play  and  provides  for  the  transportation  of  the  bolus 
to  the  stomach.  In  this  series  of  secondary  reflexes,  as  in  the  taon: 
compliL'iitetl  primary  reflex,  the  vagus  nerve  forms  a  part  of  the 
path  and  the  reHex  center  lies,  therefore,  in  the  medulla. 

Cardiac  Sphincter. — At  the  canlia  or  c^nliac  orifice  the  cir* 
cular  layer  of  muscle  acts  as  a  sphinct<er.  When  the  stoainrh  is 
empty  this  sphincter  is  probably  relaxed.  Wlien  the  siomafb 
contains  footl  the  sphincter  is  thrown  into  tone,  and  thus  shutaolf 
the  eastric  cavity  from  the  esophagus.  The  sphincter  nfciva 
bf»th  mutiir  and  inliibitory  fibers  from  the  vagus  and  inhibilofv 
fibers  from  the  sympathetic  system  by  way  of  the  celiac  ganglion. 
In  adflition  it  is  supplied  from  the  intrinsic  plexus,  plexus  of 
Auerlmch,  which,  as  t^sowhero  in  the  alimentary  canal,  seems  to 
be  capable  of  regulating  the  tn<»veinents  of  the  musculature  inde- 
pendently of  the  extrinsic  nerves.  The  tonic  contraction  of  the 
sphincter  that  occurs  when  the  stomach  contains  food  is  main- 
tained, according  to  Cannon,*  by  a  reflex  through  this  intrinsic 
plexus,  the  stimulus  initiating  the  reflex  being  due  to  the  «rjd 
present  in  the  gastric  secretion.  The  peristaltic  wave  swi'Cpiqg 
d*jwn  the  esophagus  is  preceded,  in  the  lower  part  of  the  esopi 
at  least,  by  a  wave  of  inhibit  ion  or  relaxation.  This  latter 
alTcct.s  tlie  sphincter  ami  the  adjacent  musculature  of  the  stow*'^" 
and  clears  the  path  fi>r  the  bolus,  so  that  the  foUowinp  wave  uf 
contraction  may  squeeze  it  through  the  relaxed  orifice  HitW 
aerious  resistance.  After  the  passage  of  the  bolus  into  the  eUXOBi'h 
*  C&nnon,  "The  Mechanical  FactorB  of  Digestion,"  19U. 
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the  sphincter  again  falls  into  tune  until  another  peristaltic  wave 
approaches  from  the  esophageal  nside. 

The  Anatomy  of  the  Stomach. — ^The  etomach  in  man  belongs 
to  the  simple  type  as  distinguished  from  the  compound  stomachs 
of  some  of  the  other  manmmlia, — the  ruminating  animals,  for 
example.  Physiological  and  histological  investigations  have  shown, 
however,  that  the  so-called  simple  stomachs  are  divided  into  parts 
that  have  different  properties  an<l  functions.  The  names  and  bound- 
aries of  these  parts  can  not  be  stated  precisely,  since  they  vary  in 
different  animals,  and,  moreover,  there  is  some  want  of  agree- 
ment among  ilifferent  authorH  regarding  the  nomenclature  of 
the  parts  of  the  stomach.*  For  the  [>urposes  of  a  physiokigical 
description  we  may  use  the  names  indicated  in  the  accompany- 
ing schematic  figure.  The  main  interest  lies  in  the  separation  of 
the  pyloric  part  of  the  stomach  or  antrum  pylori  from  the  main 
cavity  of  the  stomach.  The  line  of  separation  is  marked  by  a 
fissure  on  the  small  curvature,  incisura  angularis  {/.  .4.)^  and  on  the 
large  curvature  by  an  abrupt  change  uf  direction.     Tlie  pyloric  part 
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makes  an  angle,  therefore,  with  the  body  of  the  stomach, and  differs 
from  the  latter  in  its  musculature,  the  macroscopical  and  microscop- 
ical characteristics  of  its  mucous  membrane,  and  in  its  functional 
importance.  Some  writers  <lividc  the  antrum  further  into  a 
pyloric  vestibule,  forming  the  larger  part  of  the  antrum,  and  a 
pyloric  canal,  consisting  of  the  narrower  tube-like  portion  which 
connects  with  the  duodenum.  The  pyloric  canal  is  short,  about 
3  cm.,  and  is  more  marked  as  a  separate  structure  in  the  .stomach 
of  young  children.  The  rest  of  the  stomach  falls  into  two  sub- 
divisions, the  fundus  and  the  corpus  or  body.  The  fundus  is  the 
blind,  rounded  end  of  the  stomach  to  the  left  of  the  cardia,  or,  in 
a  vertical  position  of  the  stomach,  the  portion  that  lies  alxtve  a 
horizontal  plane  passing  through  the  cardia;  the  portion  between 

•  Sw  His,  ''Archiv  f.  Anatomre,"  1903.  p.  345:  also  CurminRham,  "Trans- 
actions of  the  Royal  Society  of  Ediaburgh,''  45,  9,  1905-0f». 
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the  fundus  and  the  pylorus  is  the  body  of  the  stomach  or  \hi 
intermediate  or  prepyloric  region.  This  latter  region  shows  to 
many  animals  a  characteristic  structure  in  its  secreting  gli 
and  it  is  in  this  |>ortion  that  the  hydrochloric  acid  of  the  j 
juice  is  mainly  secreted. 

The  MiLSctdalure  of  ike  Stomach. — ^'Fhe  musculature  of  ths 
stomach  is  usually  divided  into  three  layers, — a  longitudin&l,  u 
oblique,  and  a  circular  coat.  The  lon^tudinal  coat  is  continuaus 
at  the  cardia  with  the  lon^tu<linal  fibers  of  the  esophagus ;  it  sprahla 
out  from  this  point  along  the  length  of  the  stomach,  forming  a  layer 
of  varying  tliickness;  along  the  curvatures  tiie  layer  is  stronger 
than  on  the  frtmt  and  jwsterior  surfaces,  while  at  the  pyloric  endil 
increases  considerably  in  thickness,  and  passes  over  the  pylorrifiUi 
be  continued  directly  into  the  longitudinal  coat  of  the  duodenua 
The  layer  of  oblique  fibers  is  quite  incomplete;  it  seems  to  be 
continuous  with  the  circular  fibers  of  the  esophagus,  and  spreads 
out  from  the  cardia  for  a  certain  distance  over  the  front  and  poeteiior 
surfaces  of  the  fundus  of  the  stomach,  but  toward  the  pyloric  end 
disappears,  seeming  to  pass  into  the  circular  fibers.  The  circuUr 
coat,  which  is  placed  l>etween  the  two  preceding  layers,  is  the  thick- 
est and  most  imixirtant  part  of  the  muscidature  of  the  stomach. 
At  the  fundus  tfie  circular  bands  are  thin  and  somewhat  liwaeij 
placed,  but  toward  the  pyloric  end  they  increase  much  in  thickiwi, 
forming  a  strong,  muscular  mass,  which,  as  we  sliall  see,  pla)'8  tl* 
most  important  part  in  the  movements  of  the  stomachs  At  tbe 
pylorus  itself  a  spcoitil  di'Vehtpmcnt  of  this  layer  functions  a«i 
sphincter  pylori,  which  with  the  aid  of  a  circular  fold  of  the  lutiWHU 
membrane  makes  it  possible  to  shut  off  the  duodenum  compleldy 
from  the  cavity  of  the  stomach.  The  line  of  separation  betTWxn 
the  antrum  pylori  and  the  body  of  the  stomach  is  made  hy* 
special  thickening  of  the  circular  fibers  which  forms  &  structure 
Imown  as  the  **  transverse  band"  b^-  the  older  writers,*  anil  di^ 
scribed  more  recentlyt  as  the  '^sphincter  antri  pylorici."  Under 
certain  conditions,  such  as  vomiting,  stimulation  of  the  vapj*. 
etc.,  this  spliincter  may  be  contracted  with  such  force  a.sto^l>- 
arate  the  antrum  entirely  from  the  fundic  end  of  the  storiuich. 

The  Movements  of  the  Stomach. — ^The  solid  food  reraflinain 
the  stomach  for  scveml  hours^  and  during  this  time  the  musculature 
contracts  in  such  a  way  that  the  thinner  portions  as  thev  are  formed 
by  digestion  are  ejected  from  time  to  time  through  the  pylonisiuto 
the  intestine.  Except  at  the  definite  intervals  when  the  pylow 
sphincter  relaxes  the  food  is  entirely  sliut  off  from  the  rest  of  the 
ahmentary  canal  by  the  tonic  closure  of  the  sphincters  at  the  card* 

*  S(»e  Renumont,  "  Physiolopy  of  Digestion, "  seoond  piiition.  IS47.  p  ["H 
t  Hofineiflter  und  Schutz,  "Archiv  f.  exper.  Pathologic  un»i  I'lutrmtiw** 
ogie,"  188d,  vol.  XX. 
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and  the  pylorus.  There  is  a  certain  orderliness  in  the  movements 
of  the  stomach,  and  especially  in  the  separation  and  ejection  of  the 
more  liquid  frnra  the  solid  parts,  which  shows  the  existence  of  a 
specially  adapted  mechanism.  These  movements  have  been  studied 
by  many  investigators,  making  use  of  various  experimental  meth- 
ods. The  first  noteworthy  contributions  to  this  subject  were 
those  made  in  this  country  by  lieauniont  in  liLs  famous  observations 
upon  Alexia  St.  Martin,  the  Canadian  vnyageiir,  who  had  a  per- 
manent fistulous  opening  in  his  stomach  as  the  result  of  a  gunshot 
wound.*  In  recent  years  the  subjtx^t  has  been  studied  with  great 
success  by  means  of  the  a;-rays,  f  on  the  excise<l  stomach,  t  and  by 
means  of  tambours  or  sounds  introduced  into  the  stomach  to 
measure  the  pressure  changes. §  These  researches  all  unite  in  em- 
phasizing one  fundamental  point — namely,  that  the  fundic  end 
of  the  stomach  is  not  actively  cotifcrned  in  these  muvemcnts,  but 
serves  rather  as  a  reservoir  fur  retaining  the  bulk  of  the  food,  while 
the  muscular  pyloric  region  is  the  apparatus  which  triturates  and 
macerates  the  food  and  forces  it  out  from  time  to  time  into  the 
duodenum.  According  to  the  observations  made  with  the  z-rny 
apparatus,  movements  l>cgin  a  few  minutes  after  the  entrance  of 
food  into  the  stomach.  Small  contractions  start  in  the  middle 
region  of  the  stomach  and  run  toward  the  pylonis.  These  moving 
waves  of  contraction  appear  at  regular  inter\^als.  I'he  pyloric 
portion  becomes  lengthened  and  it  may  be  noticed  that  in  this 
region  the  peristaltic  waves  become  more  and  more  forcible  aa 
digestion  progresses.  These  nmnin^  waves  or  rings  of  contraction 
serve  to  press  the  stomach  contents  against  the  pylonjs.  Accor{iing 
to  Cannon,  they  ocuur  in  the  cat  at  intervals  of  10  seconds  and  each 
wave  requires  about  20  seconds  to  reach  the  pylorus.  While  in 
human  V^eings.  to  judge  from  the  sounds  which  may  Ik*  heard  upon 
auscuhition  when  food  mixed  with  air  is  given,  they  occur  at  intervals 
of  about  20  seconds.  The  obvious  result  of  these  movements  is  to 
mix  the  food  thoroughly,  in  the  int^rmetOate  and  pyloric  portions 
of  the  stomach,  with  the  acid  gastric  juice  and  to  reduce  it  to  a  thin, 
liquid  mass. — the  chyme.  At  certain  intervals  the  pyloric  sphincter 
relaxes  and  the  contraction  wave  squeezes  stune  of  the  fluid  con- 
teats  into  the  duodenum  with  considerable  force.  The  mcihantsm 
controllintr  the  relaxation  of  this  sphincter  is  obscure.  It  does  not 
occur  with  the  approach  of  each  contraction  wave,  but  at  irregular 
intervals.  Cannon  connects  it  in  part  with  the  consistency  of  the 
food,  but  mainly  with  the  effect  of  the  hydrochloric  acid  in  the 

•See  Oaler,  "Journal  of  the  American  Medical  Association,**  Nov.  15, 
1902,  for  life  of  Beaumont  and  account  of  his  work. 

t  See  Cannon,  '*Ampricun  Jr>urnal  nf  rhvMiology,"  1,  359,  1898;  and  Roux 
anfi  Balthazard,  "Amhives  dc  Phyaiologie/  10,  85,  1898. 

I  Hofmeister  anil  SrhiJlz,  loc.  cit. 

§  Morilz,  "Zeitschrift  f.  Biologic/'  32,  359.  1895. 
46 
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gastric  secretion.  Solid  objects  forceci  against  the  pylorus  prevent 
relaxation  and  retard  the  passage  of  the  chyme  into  the  intestine. 
When  liquid  food  alone  is  taken  into  the  stomach  numerous  ob- 
servations, made  by  means  of  intestinal  fistulas,  prove  that  the 
material  may  be  forr^ed  into  the  duodeimm  within  a  few  minutes. 
Hydrochloric  acid  in  the  stomach  seems  to  favor  or  pnxiuce  a 
relaxation  of  the  pyioric  sphinct-er,  while  in  the  duodenum,  on  the 
contrary,  it  causes  a  contraction  of  the  sphincter.  In  this  way  it 
may  be  imagined  that  after  each  ejection  of  acid  chyme  the  sphinc- 
ter is  kept  clascd  until  the  acid  material  in  the  duodenum  is  neutral- 
ized, and  so,  automatically,  a  mechanism  Is  provided  by  means  of 
which  the  duodenum  is  charged  at  intervals  and  at  such  times  as  it 
is  prepared  to  receive  and  neutralize  a  new  quantity  of  the  chyme. 
According  to  tills  description,  the  portion  of  the  food  toward  the 
pyloric  end  of  the  stomach  Ls  the  first  to  l>e  thoroughly  mixed  with 
the  gastric  juice,  and  to  lie  broken  down  partly  by  digestion  and 
partly  by  the  mechanical  action  of  the  contractions.  This  portion, 
OS  it  is  liquefied,  is  expelled,  and  its  place  is  taken  by  new  material 
forced  fonvard  from  the  fundic  emi.  It  would  seem  that  this  latter 
jx)rtion  of  the  stomach  is  in  a  condition  of  tone,  and  the  pressure 
thus  put  upon  the  contents  is  sufficient  to  force  them  slowly  toward 
the  pyloric  end  as  this  becomes  emptied.  The  older  view  was  t  hat 
the  contents  of  the  stomach  are  kept  in  a  general  rotary  movement 
so  as  to  become  more  or  less  urdformly  mixed ;  but  Cannon's  obser- 
vations^  and  also  those  of  Grutzncr,*  indicate  that  the  material  at 
the  fundic  end  may  remain  undisturbed  for  a  long  lime  and  thus 
escape  mixture  with  the  acid  gastric  juice,  so  far  at  least  as  the 

interior  of  the  mass  is  concerned. 
Tills  fact  is  of  importance  in  con- 
nection with  the  salivary  digestion 
of  the  starchy  foods.  Obviously, 
salivary  digestion  may  proceed  for 
a  time  in  the  fundic  end  without 
being  affected  by  the  acid  of  the 
stomach.  (Jrutzner  fed  rats  with 
food  of  different  colors  and  found 
tliat  the  successive  portions  were 
arranged  in  definite  strata.  The 
food  first  taken  lay  next  to  the 
walls  of  the  stomachy  while  the 
succeeding  portions  were  arranged 
regularly  in  the  inU'rior  in  a  eon- 
centric  fashion,  as  shown  in  the 
figure.  Such  an  arrangement  of  the  food  is  more  rea<^lily  understood 
when  one  recalls  that  the  stoma<:h  has  never  any  empty  space 
*  Grutxner,  "Archiv  f.  die  gesaiiiiiilc  Physiologie/'  106,  403,  1906. 
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within;  iU  cavity  is  only  as  large  as  its  contents,  so  that  the 
6rst  portion  of  fowl  eaton  entirely  filSs  it  and  successive  por- 
tions find  the  wall  layer  occupied  and  are  therefore  received 
into  the  interior.  The  ingestion  of  much  liquid  must  interfere 
fiomewhat  with  this  stratification.  Cannon*  has  reported  some 
interesting  experiments  upon  the  relative  duration  of  gastric 
digestion  for  carboh>'drates,  proteins,  and  fat«  when  fed  separately 
and  combined.  The  foods  were  mixed  with  subnitratc  of  hismuth 
and  their  position  in  the  stomach  and  passage  into  the  intestine 
were  watched  by  means  of  the  Roentgen  rays.  It  was  found  that 
carbohydrate  food  begins  to  pass  out  from  the  stomach  soon  after 
ingestion,  and  requires  only  about  one-half  as  tnnrh  time  as  llie  pro- 
teins for  complete  gastric  digestion.  Fats  remain  long  in  the 
stomach  when  taken  alone,  and  when  comhineil  with  the  other 
foodstuffs  markedly  delay  their  exit  through  the  pylorus.  This 
distinct  difference  in  the  main  fooilstuffs  can  hardly  be  referred  to 
mere  mechanical  consistency,  since  the  fats  are  liquefied  by  the 
heat  of  the  body.  Cannon  has  shown  that  this  regulation  is  not 
effected  through  the  agency  of  the  extrinsic  ner\*es.  After  section  of 
the  splanchnics  and  vagi  the  difference  in  time  between  the  ejection 
of  carbohydrate  and  protein  material  still  exists,  so  that  the  con- 
trol in  this  matter  must  lie  exerted  through  some  local  mechanism 
in  the  stomach  itself.  If,  in  a  given  diet,  the  carbohydrate  is  fed 
before  the  protein,  the  former,  having  the  position  of  advantage 
toward  the  pyloric  end,  will  Iw  ejected  promptly  into  the  intestine, 
while  the  protein  is  retained  for  gastric  digestion.  If  the  order  is 
revei:se<l  and  the  protein  la  fed  first,  the  passiige  of  the  carbohydrate 
out  of  the  stomach  will  be  retardetl.  This  author  has  also  reported 
mimeroas  interesting  experiments,  of  medical  and  surgical  interest, 
which  indicate  that  the  motor  activity  of  both  stomach  and  intes- 
tines may  be  greatly  tlepressed  by  certain  conditions^  especially 
by  mechanical  haniiling  or  liy  conditions  of  general  asthenia. 

Regariling  the  general  mechanism  of  the  stomach,  it  may  be 
pointed  out  that  it  forms  an  admirably  adapted  apparatus  for 
receiving  at  once,  or  within  a  short  fieriod,  a  large  amoiuit  of  fw>d 
which  it  reduces  to  a  Uquiil  or  semiliqviid  condition,  partly  by 
digestion,  partly  mechanically,  and  that  it  charges  the  intestine 
at  intervals  with  small  amounts  of  this  chyme  in  such  a  condition 
as  to  admit  of  rapid  digestion.  It  seems  obvious  that  without  the 
stomach  our  mode  of  eating  would  have  to  he  changed,  as  it  would 
not  l>e  possible  to  loatl  the  intestine  rapidly  with  a  large  supply  of 
food  such  as  is  consumed  at  an  ordinary  meal. 

*  Cannon,  "Arnrrican  Journal  of  Physiolo(i;>',"  \2,  387,  1904.  For  a 
^onpral  review  of  CaTinon*s  work,  see  ".\inerican  Journal  of  the  Medical 
Sciences,"  April,  1906. 
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The  Relation  of  the  Nerves  to  the  Movements  of  tbc 
Stomach. — The  stomach  receives  nerve  fil>ers  from  two  sources.— 
the  vag:i  and  the  .splanchnirn, — but  its  orderly  movements  are  merely 
regulated  through  these  extrinsic  fibers;  it  is  essentially  an  auto- 
matic organ.  Thus,  it  has  been  shown  that  the  excised  slomwh 
(Hofraeister  and  Schiitz),  when  kept  warm,  continueis  to  execute 
regular  movements  which,  if  not  identical  with  those  observed  under 
normal  conditions,  have  at  least  an  orderly  sequence.  So  abo  it 
would  appear  from  the  result.s  of  several  observeis*  that  gastric 
digestion  may  proceed  normally  both  as  regards  secretion  sod 
movements  after  section  of  the  extrinsic  nerves.  We  may  regard 
the  stomach,  considered  as  a  motor  mechanism,  as  an  automitic 
organ  like  the  heart.  Its  stimuli  to  movement  arise  within  itself, 
but  thc^se  movements  are  regulated  by  the  action  of  the  extrinsic 
nerve  fil>ers  so  as  to  adai>t  them  tc  varj'ing  conditions.  Whether 
the  automaticity  is  a  property  of  the  plain  muscle  tissue  itielf,or 
depends  upon  the  rich  supply  of  intrinsic  nerve  ganglia  (plpxu3«cf 
Mt'issner  and  Auerhach),  is  a  question  that  cannot  be  answered 
definitely  at  present.  The  extrinsic  nerves  not  only  supply  the 
stomach  with  efTercnt  fibers,  motor  and  secretory,  but  also  carry 
afferent  fibers  from  the  stomach  to  the  central  nervous  systioiL 
Regarrliiig  the  purely  efferent  action  of  the  extrinsic  nerves,  the 
results  of  numei-oiis  experiments  seem  to  show  quite  concIiKKi\*ely 
that  in  fjeneral  the  Rl:»ei-s  received  along  the  vagus  path  are  motor, 
artificial  stimulation  of  them  causing  more  or  less  well-marked  cod- 
traotions  of  part  or  all  of  the  musculature  of  the  stomach.  It  htf 
been  shown  that  the  sphincter  pylori  as  well  as  the  rest  of  the  muscu- 
lature is  supplied  by  motor  fibers  from  these  nerves.  The  fibeis 
coming  through  the  splnnclmics,  on  the  contrar}',  are  mainly  iuliib* 
itor\\  Wlien  stimulated  they  cause  a  dilatation  of  the  contracted 
stomach  and  a  relaxation  of  the  sphincter  pylori.  Some  oli6cr\'ci? 
have  reported  experiments  which  seem  to  show  that  this  anatomical 
separation  of  the  motor  and  inhibitory  fillers  is  not  complete;  that 
some  inhibitor}''  fibers  may  be  found  in  the  vagi  and  some  luoior 
fibers  in  the  splanchnics.  The  anatomical  courses  of  these  fih(*i5 
are  insufficiently  known*  hut  there  seems  to  lie  no  question  as  to  the 
existence  of  the  two  physiological  varieties.  Through  their  activity, 
without  doubt,  the  movements  of  the  stomnch  may  l^e  influea**«l, 
favorably  or  unfavorably,  by  conditicrus  directly  or  indirect lynifect- 
ing  the  central  nervous  system.  Wertheimer  t  has  shown  exp^n- 
mentally  that  stimulation  of  the  central  end  of  the  sciatic  or  tl»p 
vagus  nerve  may  cause  reflex  inliibition  of  the  tontis  of  the  stonuich. 

•See  Heidpnhain  in  Hermann 'a  "Handbuch  der  Physioloipe/'  vol. 
p.  118.    Also  Cannon,  "Amcriran  Journal  of  Ph>'Hiology,"  1906. 

t  "Archiv  dc  physiologic  normalc  et  pathologique,     1892,  p.  379. 
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and  Doyon*  has  confirmed  this  result  in  cases  in  which  the  move- 
ments and  tonicity  of  the  stomach  were  first  increased  l>y  the  action 
of  pilocarpin  and  stryclinin.  Cannon,  in  his  ol)servations  upon  cats, 
found  that  all  movements  of  the  stomach  cea,sed  iis  soon  as  the 
animal  showed  si^^ns  of  anxiety,  rage,  or  distress. 

Hunger  Contractions. — After  the  stoiiiuch  hjis  Ijeen  empty  for 
a  certain  time  wo  experience  sensations  of  hunger  that  arc  more 
or  less  of  a  subpainful  character  and  are,  therefore,  frequently 
designated  as  "hunger-pains."  These  sensations  appear  and  dis- 
appf/ar  at  irregular  intervals  until  focnl  is  taken  int-o  the  stomach. 
Cannon  and  Washburn  t  first  sliowed  that  these  sensations  appear 
simultaneously  witli  contractions  of  the  stomach,  and  they  sug- 
gested that  the  hunger  contractions  cause  the  hunger-pains. 
These  particular  movements  have  been  investigated  since  by 
CarisonJ  upon  a  rnan  with  a  permanent  gastric  fistula.  He  finds 
that  when  the  hunger  contractions  arc  occurring  they  arc  hihibited 
by  chemical  or  mechanical  stinmlation  of  the  gastric  mucosa  or 
by  the  chewing  or  tasting  of  palatable  ff>od.  The  hunger  contrac- 
tions must  constitute  a  variety  of  movements  quite  difTcrcnt  in 
mo<le  of  causation  from  the  movements  exhibited  during  gastric 
tligestion.  I^ike  the  latter,  howt^ver,  they  are  essentially  auto- 
matic, that  is  to  say,  they  continue  when  the  extrinsic  nerves  are 
severed  and,  therefore,  are  probably  initiated  and  controlled 
by  the  intrinsic  nervous  apparatus  of  the  stomach.  Curison  sug- 
gests that  the  hunger  contractions  may  involve  primarily  the 
musculature  of  the  fundic  and  cardiac  region,  while  the  contrac- 
tions of  digestion,  as  is  known,  are  exhibited  chiefly  in  the  muscula- 
ture at  the  pyloric  end. 

Movements  of  the  Intestines. — ^The  muscles  of  the  small  and 
the  large  intestine  are  arranged  in  two  layers, — an  outer  longitudinal 
and  an  inner  circular  coat, — while  between  these  coats  and  in  the 
submucous  coat  there  are  present  the  ner^^e-plexuses  of  Auerbach 
and  Meissner.  The  general  arrangement  of  muscles  and  nerves  is 
similar,  therefore,  to  that  prevailing  in  the  stomach,  and  in  accor- 
dance with  this  we  find  that  the  physiological  activities  exhibited 
are  of  much  the  same  character,  only,  perhaps,  not  quite  so  complex. 

Two  main  forms  of  intestinal  movement  have  been  distingiiished, 
— the  peristaltic  and  the  penrlular  or  rhythmic. 

Peristalfiis. — The  peristaltic  movement  consists  in  a  constriction 
of  the  walls  of  the  intestine,  which,  beginning  at  a  certain  point, 
piisses  downwanl  away  from  the  stomaeli,  from  segment  to  segment, 
while  the  parts  behiml  the  advancing  zone  of  constriction  gradually 

t  Cannon  and  Wasliburn,  "Ainerican  journal  of  Physiology,"  29,  441,  1912. 
X  Carlson,  ibul.,  series  of  papen*,  voIm.  31  t<>34,  1912-1914. 


726 


PHYSIOLOGY    OF   DIGESTION   AND    SECRETION, 


relax.  The  wave  of  constriction  may  be  recortled  by  the  uk  o( 
siiilahic  apparatus.  When  thus  recorded  it  is  found  that  tbr  »d- 
vaiiciiig  area  of  constriction  is  preceded  by  an  area  of  inhibitioD 
or  relaxation,  rto  that  the  peristaltic  movement  consistsof  two  part*, 
following  in  a  definite  sequence,  which  seem  to  combine  tofwili- 
tatc  the  movement  onward  of  the  intt^^stinal  contents;  for  il  b 
obvious  that  the  wave  of  constriction  will  be  more  effective  in 
forcing  the  eorit4'nts  forward  if  ju?t  in  front  <:»f  it  the  int<.*tim'  is 


Fig.  285- — Ff^rblaltir  c-Dniraction  of  the  imiull  iQt>^nu<-  <>tr>Lr«  Tti<-  horiinaU]  Oaf  ffv« 
th«  tmir  in  nocondit.  Tbr  curve  woa  obtaitwd  by  n't^nritirik'  ">•  'li^iti'i'' r  of  tbr  retaBtiw  tf 
■  Kivpn  puiat  UunQg  the  jjoHuev  of  a  pvrisUUiv  wnvr.  Ir  «ill  Im  M^n  Oi:it  there  wmM  ■ 
dilAttitioD  (wavfl  uf  inbibilioo),  followrU  by  a  stronji  routraritou.  Tlir  ^Hiuller  ir»v«*«tbi 
inf^tiaal  curve  are  due  to  ibc  rflerl  uf  Ibe  reipimUiry  mnvemeDi-a  on  iho  rrconliiiii  r 


relaxed  byinhibitionof  the  tonicity  of  the  muscular  coat  (Fig. 285). 
Bayliss  and  Starling.*  to  whom  we  owe  the  discovery  of  thi^t»'o• 
fold  character  of  thf  movement,  regard  it  bs  a  reflex  which  irfcon- 
troUwl  within  the  intestinal  wall  itself  through  it^s  intrinsic  piDgliA 
and  their  afferent  and  efferent  connections.  When  a  bolus  is 
inserted  into  the  int4»stlne  at  any  point  its  effect  upon  the  sensoo 
fibers  is  such  as  to  cause  a  reflex  contraction  of  the  muscle  above  the 
bolus,  that  is,  toward  the  stomach,  and  a  reflex  inhibition  C 
dilatation  below.  They  speak  of  this  definite  relationship  as  the 
law  of  the  viieHiine:  it  is  described  also  under  the  name  mj^ 
teric  reflex.  It  is  obvious  that  the  circular  layer  of  muscif*  i" 
chiefly  involved  in  peristalsis,  since  constriction  can  only  In*  p^ 
duced  by  contraction  of  this  layer.  To  what  extent  the  lon^tudi- 
nal  muscles  enter  into  the  movement  is  not  definitely  dctenniw^l 
The  term  '^intifM^ristnlsis"  is  used  to  describe  the  same  form  of 
movement  rimniug  in  the  opposite  direction — that  is,  towanl  thf 
stomach.  Antiperistalsis  is  sairl  not  to  occur  imder  norma!  omdi- 
tions;  it  has  been  observed  in  isolated  pieces  of  intestine  or  in  the  ex- 
posed intestine  of  hving  animals  when  stimulated  artificially  ora^trf 
*  Bnyli^  mnd  Starliug,  **Jour»al  of  Ph\-!nolofO',"  24,  99,  I8(H» 
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complete  inlestinul  tjl)st ruction  {Ciinnon).  The  pt'ristuJtic  wave 
normally  pa.s.ses  tiowTiwardj  and  that  this  direeticm  of  movement 
is  dcpeiulent  upon  some  definite  arrangeiuent  in  the  intestinal 
walls  is  shown  by  tlio  expt^riments  of  Mall*  upon  reversal  of  the 
intestines.  In  these  experiments  a  portion  af  the  small  inte^stine 
was  resected,  turned  around,  and  sutured  in  place  again,  so  that  in 
this  piece  what  wiis  the  lower  end  became  the  upper  end.  In  those 
animals  that  made  a  g(M:jd  recovery  the  nutritive  condition  gradu- 
ally became  ven,''  serious^,  and  when  the  annuals  were  killed  and 
examined  it  was  found  that  I  here  was  an  accumulation  of  food  at 
the  stomach  end  of  the  reversed  piece  of  intestine,  and  that  this 
region  showe(]  marked  dilatation. 

The  [X'ristaltic  movements  of  the  intestines  may  be  observed 
upon  living  animals  when  the  abdomen  is  opened.  If  the  operation 
is  made  in  the  air  and  the  intestines  are  exp<jsed  to  its  inflm'nee,  or 
if  the  conditions  of  temperature  and  circulation  are  otherwise 
disturbed,  the  movements  observed  are  often  violent  and  irregular. 
The  perist^ilwis  runs  rapiilly  a!on^  the  intestines  and  may  pass  over 
the  whole  length  in  about  a  minutts  at  the  same  (inn:  the  con- 
traction of  the  longitudinal  muscles  gives  the  bowels  a  peculiar 
writhing  movement.  Movements  of  this  kind  are  evidently 
abnornml,  and  only  occur  in  the  hod>-  imder  the  strong  stimulation 
of  pathological  conditions.  Normal  [x?'ristalsis,  the  object  of  which 
is  to  move  the  food  slowly  along  the  alimentary  tract,  is  quite  a 
different  affair.  Observers  all  agree  that  the  wave  of  contraction 
is  gentle  and  j>rogresses  slowly,  although  at  different  rates  perhajjs 
in  different  parts  of  the  intestine.  The  force  of  the  contraction 
as  measured  by  C'ashf  in  the  dog's  inte^stine  is  very  small.  A 
weight  of  five  to  eight  grams  was  sufficient  to  check  the  onward 
movement  of  the  substance  in  the  intestine  and  to  set  up  violent, 
colicy  contractions  which  caused  the  animal  evident  uneasiness. 
The  time  require<I  for  the  passage  of  food  through  the  small  in- 
testine must  vary  with  it^^  amount  antl  character.  From  obser- 
vations made  upon  man  with  the  x-ray,  Hertz  estimates  that  on 
the  average  it  rcf^uires  about  4i  hours.  After  a  meal,  therefore, 
we  may  imagine  that  at  about  the  time  the  stomach  has  finished 
discharging  its  eontents  into  the  duodenum  the  first  portions 
have  reached  the  ikxjcecal  valve.  That  is  to  say,  a  column  of 
food,  broken  into  separate  segments,  stretc^hes  at  one  time  practi- 
cally along  the  whole  length  of  the  small  intestine. 

MecJutnism  of  ike  Peristaltic  MovenienL — The  means  by  which 
the  peristaltic  movement  nuikes  it^  orderly  forward  progression 
have  not  been  determined  beyond  question.    The  simplest  explana- 

*  *'Johiw  Hopkins  H*j*iiHtttl  Reports,"  1,  93.  1896. 

t  "Procei^iings  of  thi*  lloyai  Society,"  Lonrion,  41,  1887. 
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tion  would  be  to  assume  that  an  impulse  is  conveyed  directly  from 
cell  to  cell  in  the  circular  muscular  coat,  so  that  a  contraction  started 
at  any  point  would  spread  by  direct  conduction  of  the  contractktt 
change.  This  theory,  however,  does  not  explain  satisfactorily  the 
normal  conduction  of  the  wave  of  contraction  always  in  one  direc- 
tion, nor  the  fact  that  the  wave  of  contraction  is  preceded  by  a 
wave  of  inhibition.  Moreover,  Bayliss  and  Starling  state  that^ 
although  the  peristaltic  movements  continue  after  section  of  the 
extrinsic  nerves, — ^indeed,  become  more  marked  under  these  am- 
ditions, — the  application  of  cocain  or  nicotin  prevents  thdr  oc- 
currence. Since  these  substances  may  be  supposed  to  act  on  the 
intrinsic  nerves,  it  is  probable  that  the  co-ordination  of  the  jnoy^ 
ment  is  effected  through  the  local  nerve  ganglia,  but  our  knowledge 
of  the  mechanism  and  physiology  of  these  peripheral  nerve-plexusn 
is  as  yet  quite  incomplete. 

Rh^mical  Movements. — In  addition  to  the  peristaltic  wave  i 
second  kind  of  movement  may  be  observed  in  the  small  intestines. 
It  consists  essentially  in  a  series  of  local  constrictions  of  the  mt<»- 
tinal  wall,  the  constrictions  occurring  rhythmically  at  those  pointfl 
at  which  masses  of  food  lie. 

Cannon  *  has  studied  these  movements  most  successfully  by 


Fig.  286, — Diagram  to  show  the  effect  of  the  rhythmical  constrictioK  movenieiiti  o* 
the  small  intestine  upon  the  contained  food.  A  string  of  food  (1)  is  diviwd  suddnb' into 
a  ^eriet)  of  segments  (2)  ;  each  of  the  latter  is  again  divided  and  the  process  Is  rvpettfda 
number  of  times  (3  and  4).  Eventually  a  peristaltic  wave  sweeps  tbe«e  Betpment*  (omro 
a  certain  distance  and  gathers  them  again  mto  a  long  string,  as  in  (1).  The  pro«»  of 
segmentation  is  then  repeated  as  described  above.     (Cannon.) 

means  of  the  Roentgen  rays.  He  finds  that  as  a  result  of  these 
contractions  the  masses  or  strings  of  food  lying  in  the  intestine  are 
suddenly  segmented,  repeatedly  and  in  a  definite  manner,  into  a 
number  of  small  pieces,  which  move  to  and  fro  as  the  pieces  combiae 
and  are  again  separated  (see  Fig.  286).  These  segmentations  may 
proceed  at  the  rate  of  thirty  per  minute  for  a  certain  time,  and  the 
apparent  result  is  that  the  material  is  well  mixed  with  the  digestive 
secretions  and  is  brought  thoroughly  into  contact  with  the  abeorp- 
tive  walls.  During  these  rhythmical  contractions  there  is  no  steady 
progression  of  the  food;  it  remains  in  the  same  region,  although 

•  Cannon,  "American  Journal  of  Physiology,"  6,  251,  1902. 
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ibjected  to  repeated  divisions.  From  time  to  time  the  separated 
ieces  are  caught  hy  an  advnnrinp;  penstaltie  wave,  moved 
jrward  a  certain  distance,  and  withered  again  into  a  new  mass. 
Q  this  new  location  the  rhythmical  contractions  again  segment 
ad  chum  the  mass  befoi-e  a  new  peristaltic  wave  moves  it  on. 
According  to  this  description,  the  rhythmicat  movements  are 
Deal  contractions   {mainly  of  the   circular  muscles)    which   seem 

0  be  ilue  to  the  local  distentifm  caused  Ijy  the  fooil.  They  occur 
tiythmically  for  a  certain  period  and  then  cease  until  a  new  series 
isUrtpd,  and  it  is  obvious  that  they  must  play  a  very  important 
»art  in  promoting  both  the  digestion  and  absorption  of  the  food, 
rfall*  has  suggcstc<i  that  these  rhythmical  contractions  of  the 
iniilar  coat,s  may  also  act  as  a  pumping  me<'hanisra  upon  the 
enous  plexuses  in  the  walls  and  thus  aid  in  drivinjj  the  blood  into 
he  portal   system.     Similar    movements   have   been   observed 

1  the  human  being.f  The  curious  observation  is  reported^ 
hat  during  the  period  of  fasting  (dog)  the  whole  gastro-intestinal 
in&l,  although  empty;  shows  at  intervals  rhythmical  con- 
^actioDfi  of  its  musculature  which  may  hist  fur  twenty  to  thirty 
imutes  (see  p.  790). 


Cumon  8Ugge9ts  a  new  and  convenient  noincnrlature  for  the  movement-a 
the  stomach  an<l  intestines  as  followH: 

(1)  Rhythmic  sejctuenlatiom*. — The  rhyttunic  localized  contracliona  de- 
ibed  in  the  preceding  imrapmph.     Exhibited  throughout  the  small  intestine. 

<2)  [)inettalflifi. — Downward  moving  wave  of  contracl  ion  with  a  preceding 
tre  of  inhibition  (myenlerir  reflex).    Exhibited  ehiefly  in  iho  small  intestine. 

(3 J  Anastalms. — I'pward  mo\'ing  wave  of  oonlracLioii  without  a  pre- 
tifig  phase  of  inhibition     Kxhihited  chiefly  in  the  prfixinml  eolon. 

(4)  Katastalnis. — I>>wnward  nmviriK  vviive  «t  coiil niction  without  a 
>>«edinK  phaw  of  inhibition.     Exhibitetl  chiefly  in  the  stonmch. 

Movements  of  the  Intestinal  Villi. — HmiihletonS  calls  attention 
the  fact  that  if  the  intestine  uf  a  living  aninml  is  opened  and 
read  out  under  suitable  conditions  so  that  the  villi  may  be 
amined  under  a  binocular  micmsL-ojK*,  it  can  Ix*  shown  tlmt  they 
hibit  active  movements  of  two  kinds:  First,  la-shing  movements 
>ra  side  to  side  in  various  directions;  second,  what  might  be 
lied  pumping  njovetiients,  in  which  the  villi  are  alternately 
tended  and  retract<»d.  Doubtless  these  movements  are  due  to 
te  contractioiLS  of  the  muscular  slips^  which  run  into  the  stroma  of 
tb  villi  from  the  muscularis  mucosae.  If  we  can  suppose  that 
\ey  occur  during  normal  digestion,  it  is  evident  that  they  add  a 
echanical  factor,  not  hitherto  consklered,  which  must  help 
Aterially  in  the  al^sorption  of  the  pro<luct«  of  digestion. 

•  Mall.  "John«  HopkinH  Hospital  UeiM»rt>*,''  lSt)6,  I,  37. 
t  Hertx,  toe.  cit. 

iBoldirefl,  "Archives  dew  sciences  bioli)giqties,"  11,  I,  1905. 
Hanihleton,  '^American  Journal  of  Physiology,"  34,  446,  1914. 


790 


PHYSIOLOOT   OP   DIGESTION    AND   SJOCBETION. 


The  Nervous  Control  of  the  Intestinal  Movements.— There 
is  some  evidence  to  show  that  the  rhythmical  contractioDsof  the 
intestities  are  niuscuhir  in  origin  (myogenic),  while  the  inort*  cu- 
ordinattxi  peristaltic  movements  depend  upon  the  intrinsic  nervom 
mechanism.  The  intestine  is,  however,  not  dependent  for  either 
movement  upon  its  connections  with  the  central  nervous  ^•wem. 
Like  the  stomach,  it  is  an  automatic  organ  whose  activity  ia amply 
regulated  through  it-s  extrinsic  nerves. 

The  small  intestine  and  the  greater  part  of  the  large  intestine 
receive  visceromotor  ner\'e  fibers  from  the  vagi  and  the  eynipatbeiic 
chain.  The  former,  according  to  most  observers,  when  artifieadJy 
stimulated  cause  movements  of  the  intestine,  and  are  therefore 
regardeti  as  the  motor  fibers.  It  seems  probable,  however,  thutibe 
vagi  carrv'  or  may  carry  in  some  aninmls  inhibitory  fibers  as  well, 
and  that  the  mot^r  effects  usually  obtained  upon  stinudation  are 
due  to  the  fart  that  in  th(*se  nerves  the  motor  fillers  pre<loininit«. 
The  fillers  received  from  the  sympathetic  chain,  on  the  other  bacd, 
give  mainly  an  iidiibitory  effect  when  stimulated,  although  80n« 
motor  fibers  apparently  may  take  tliis  path,  liechterew  and 
Mislawski*  state  that  the  sympathetic  fillers  for  the  small  intestine 
emerge  from  the  s|)inal  cord  as  niedullated  fibers  in  the  sixth  doml 
to  the  first  lumbar  ispinal  nerves,  (or  lower — Bunch)  and  pass  lollie 
sympathetic  chain  in  tlie  splanchnic  nerves  and  thence  to  ibe 
semilunar  plexus.  The  paths  of  these  fibers  through  the  ccnlnl 
nervous  system  are  not  known,  but  there  arc  c^adently  connectkms 
extending  to  the  higher  brain  centers,  since  psychical  states  aie 
known  to  inlluenne  the  movements  of  the  intestine,  and  accoi 
to  some  ob8er\'ers  stimulation  of  portions  of  the  cerebral  c< 
may  pro<luee  movements  or  relaxation  of  the  walls  of  the  aniall  and 
large  intestines. 

Effect  of  Various  Conditions  upon  the  Intestinal  Move* 
ments. — Experiments  have  shown  that  the  movements  of  the  in- 
testines may  be  evoked  in  many  ways  in  addition  to  direct  stimu- 
lation of  the  extrinsic  nerves.  Chemical  stimuli  may  be  HppW 
directly  to  the  intestinal  wall.  Mechanical  stinmlation— pinching, 
for  example,  or  the  introduction  of  a  bolus  into  the  intestinal 
cavity — may  start  peristaltic  movements.  Violent  movenxots 
may  be  produceti  also  by  shutting  off  the  blood-supply,  and  again 
temporaril\  when  the  supply  is  re-estabUshed.  A  condition  of 
dyspnea  may  also  start  movements  in  the  intestines  or  in 
cases  inhibit  movements  which  are  already  in  progress,  the 
lus  in  this  case  seeming  to  act  upon  the  central  nervous  s>'3teinaDd 
to  stimulate  both  the  motor  and  the  inhibitory  fibers.    Ox>'gen  p» 

•  "Archiv  f.  Physiologie,"  ISSO,  suppl.  volume. 
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within  the  bowels  tends  to  suspend  the  movements  of  the  intes- 
tine, while  CO,.  CH^,  and  HjS  act  as  stimiiH,  inrreasing  the  move- 
ments. Organic  acids,  such  as  acetic,  [jroiiioiiic,  formic,  and 
caprylic,  which  may  be  formed  normally  within  the  intestine  as 
the  result  of  bacterial  action,  act  also  as  strung  stimulants. 

Movements  of  the  Large  Intestine,— The  opening  from  the 
small  intestine  into  the  large  is  controlled  both  by  the  ileocecal 
valve  ami  by  a  sphincter,  the  ileocecal  or  ileocolic  sphincter. 
It  is  stated  that  this  sphincter  is  normally  in  tonus  and  that 
its  condition  of  tonus  is  regulatetl  through  the  sj>lanchnic  nerve 
(Magnus).  The  musculature  iu  the  large  intestine  has  the 
same  general  arrangement  as  in  the  small,  and  the  usual  view 
has  been  that  the  movements  are  similar,  although  more  infre- 
quent, so  that  the  material  received  from  the  small  intestine 
is  slowl}'  moved  along  while  becoming  more  and  more  solid 
from  the  ah,sori)tion  of  water.  The  contents  of  the  ascending 
colon  arc  soft  and  scmiliquid,  but  in  the  distal  end  of  the  transverse 
colon  they  attain  the  consistency  of  llic  foc(*s.  Bayliss  antl  Starling 
state  that  their  law  of  intestinal  peristalsis  holtis  in  this  jKirtion  of 
the  inteHtine, — that  is,  local  excitation  causes  a  constriction  above 
and  a  dilatation  below  the  point  stimulated.  C^annon,*  from  his 
studies  of  the  normal  movements  in  cat^,  as  seen  by  the  Roentgen 
rays,  comes  to  the  conclusion  that  the  movements  in  the  proximal 
portion  of  the  large  intestine  show  a  marked  peculiarity.  He 
divides  the  large  intestine  into  two  parts;  in  the  second.  corresiMind- 
ing  roughly  to  the  dcsceuding  and  (listal  jKirtion  of  the  transverse 
ct>lon,  the  food  is  moved  toward  the  rectum  by  pc*ristaltic  waves. 
A  number  of  constrictions  may  be  seen  simultaneously  within  a 
length  of  some  inches.  In  the  ascending  colon  and  cecum,  on  the 
contrary,  the  most  frequent  movement  is  that  of  antiperistalsis. 
The  fowl  in  this  j>ortion  of  the  canal  is  more  or  less  liquid  and  its 
presence  set.s  up  running  waves  of  constriction,  which  pass  toward 
the  ileocecal  valve.  These  waves  occur  in  grouptt  separate<l  by 
periods  of  rest.  They  seem  to  originate  from  a  constricted  ring 
which  pulsates,  each  contraction  starting  an  anastaltic  wave. 
The  presence  of  the  ileocecal  valve  j^revents  the  material  from 
being  forced  back  into  the  small  intestine.  The  value  of  this 
peculiar  reversal  of  the  normal  movement  of  the  bowels  at  this 
particular  jioint  would  seem  to  lie  in  the  fact  that  it  delays  the 
passage  of  the  materia!  toward  the  rectum,  and  by  thoroughly 
mixing  it  gives  increased  opportunities  for  the  completion  of  the 
processes  of  digestion  and  absorption.  In  animals  with  a  saccu- 
lated colon  the  separate  sacs  or  haustra  may  exhibit  rhythmic 

*  Cannon,  loc.  cit. 
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contractions  somewhat  similar  to  the  rhythmic  segmentatloiis  ia 
the  small  intestine.*  These  movements  (haustral  churning) 
would  seem  to  favor  also  the  processes  of  absorption.    Hcrti 


/imm  .^■jf.Mt 


Fig.  287. — Schema  to  show  the  inner\'ation  of  the  rectum  and  internal  sph'mrtn 
of  the  anus,  and  the  formation  of  the  hypogaKtric  plexuB.  (After  /'n]nJI:i-//ocAtMrf  «^ 
Frihlich.) 

estimates  that  in  man  the  food  requires  about  2  hours  to  pass 
from  the  ileocecal  valve  to  the  hepatic  flexure  and  about  4j 
hours  to  reach  the  splenic  flexure.     As  the  colon  becomes  fiW 
some  of  the  material  penetrates  into  the  descending  part,  where 
the  normal  peristalsis  carries  it  very  slowly  toward  the  rectum. 
The  large  intestine — particularly  the  descending  colon  an<l 
rectum — receives  its  nerve  suppl}'^  from  two  sources  (Fig.  287)*. 
(1)   Fibers  which  leave  the  spinal  cord  in  the  lumbar  nerves 
(second  to  fifth  in  cat),  pass  to  the  sympathetic  chain,  an^ 
thence  to  the  inferior  mesenteric  ganglia,  which    probably  for^ 
the  termination  of  the  preganglionic  fibers.     From  this  poi*^ 
the  path  is  continued  by  fibers  running  in  the  hypogastric  nerv'^ 
and    plexus.      Stimulation  of    these  fibers    has    given   differe-"^ 
results  in  the  hands  of  various  observers,  but  the  most  rece-^ 
workt  indicates  that  they  are  inhibitory.     (2)  Fibers  that  lea^ 

•  Elliott  and  Barclay-Smith.  "Journal  of  Physiology,"  31,  272,  1901. 

t  Langloy  and  Anderson,  "Journal  of  Physiology,  18,  67,  1895.  Ba^-^ 
lias  and  starling,  ibid,,  26,  107,  1900.  Alao  Wischnewsky,  in  Hennanx^ 
"Jahresbericht  der  Physiologic,"  vol.  xii.,  1895. 
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the  cord  in  the  sacral  ner\'es  (second  to  fourth),  form  part  of  the 
nervi  erigent«s  and  enter  into  the  hypogastric  plexus.  When 
stimulated  these  fibers  cause  contractions  of  the  muscular  coats; 
they  may  he  regarded,  therefore,  as  motor  fibers.  As  in  the 
case  of  the  small  intestine  and  stomach,  we  maj''  assume  that 
these  motor  and  inhibitory  fibers  serve  for  the  reflex  regulation 
and  adaptation  of  the  movements. 

Defecation. — The  undigested  and  indigestible  parts  of  the 
food,  together  with  some  of  the  debris  and  secretions  from  the 
alimentary  tract  eventually  reach  the  sigmoid  flexure  and 
rectum.  Authorities  differ  as  to  whether  the  rectum  normally 
contains  fecal  material  or  not.  According  to  the  observations 
of  Hertz,*  made  upon  man  by  means  of  ar-rays,  fecal  material 
is  normally  absent  from  the  rectum  except  just  before  defeca- 
tion. It  seems  probable  that  a  distinct  desire  to  defecate 
is  felt  only  when  the  feces  have  actually  entered  the  rec- 
tum and  produced  some  distension.  The  fecal  material  is 
retained  within  the  rectum  by  the  action  of  the  two  sphincter 
muscles  which  close  the  anal  opening.  One  of  these  muscles, 
the  internal  sphincter,  h  a  strong  band  of  the  circular  layer  of 
involuntary  nmscle  which  forms  one  of  the  coats?  of  the  rectum. 
When  the  rectuin  contains  fecal  material  this  muscle  is  thrown 
into  a  condition  of  ionic  contraction  until  the  act  of  defecation 
begins,  when  it  is  relaxed.  The  external  sphincter  aui  is  com- 
posed of  striated  muscle  tissue  and  is  under  the  control  of  the 
will  to  a  certain  exient.  It  h  supplied  by  a  motor  nerve,  the 
Nn.  hemorrhoidales  inferioreH,  arising  from  the  N.  pudendus 
and  eventually  from  the  sacral  spinal  nerves.  This  muscle, 
therefore,  like  striated  muscle  in  general,  is  innervated  directly 
from  the  spinal  cord,  but  it  possesses  properties  which  are  to 
some  extent  intermeiliatc  between  those  of  plain  antl  of  striated 
muscle.  For  exanij}le,  it  differs  from  the  latter  and  resembles 
the  former  in  the  fact  that  it  does  not  atrophy  after  section  of 
its  motor  nerve;  it  is  much  less  sensitive  to  the  paralyzing  action 
of  curare  than  the  typical  striated  muscle,  and  it  is  stated  that 
its  curve  of  contraction,  when  it  is  stimuiated  through  its  nerve, 
exhibits  a  long  latent  period  anrl  a  slow  contraction  and  relaxa- 
tion. Both  the  internal  and  the  external  sphincter  are  normally 
in  tonus  and  unite  in  protecting  the  anal  opening.  The  force 
of  the  tonic  contraction  <jf  the  interna!  is  somewhat  less  (30  to 
00  per  cent.)  tliaii  that  of  the  externai  .sphincter, t  The  innerva- 
tion and  control  of  the  internal  sphincter  is  better  understood 


•  Hertz,  "Guy's  Hospital  RciwrUK,'  61,  389,  1M7. 

t  Consult  Frankl-Hochwart  and  i'rohtich,  "Arcfaiv  f.  de  gee  Phyaiologie/' 
81, -120. 
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than  that  uf  the  externa!.     Like  the  re^t  of  the  rectum,  it  receive* 
motor  fibers  from  the  hypogastric  plexus  b}^  way  of  the  Deniu 
erigens,  and  inhibitory  fibers  from  the  same  plexus  by  way  ol  the 
hypogastric  nerve.     It  has  been  possible  to  show  experimentAfly 
that  each  of  these  sets  of  fil>er3  may  be  acted  upon  reflexly,  for 
example,  by  stimulation  of  the  sensory  nerves  in   the  sciatic. 
The  reflex  takes  place  in  this  case  through  the  lower  portion  «( 
the  cord.     Roth  the  hypogastric  nerve  and  the  N.  erigens  afi- 
tain  also  afiferent  fibers.     Stimulation  of  the  central  end  of  the 
severed  N.  erigens  gives   a   reflex  inhibition   through  the  hypo 
gastric  nerve,  and  stimulation  of  the  central  stump  of  the  cut 
hypogastric  causes  a  reflex  contraction  through  the  N.  erigew. 
The  act  of  defecation  as  it  occurs  normally  is  partly  a  volunUn* 
and  partly  an  invi>luntary  act.     The  involuntary'  act  consistaio 
peristaltic  contraftion8  of  the  rectum  or,  indeed,  of  the  viUk 
colon,  together  with  an  inhibition  of  the  sphincters.    Wl)etlMT 
the  inhibition  of  the  sphincters  is  normally  entirely  an  involunlaiy 
reflex  cannot  bo  stated  definitely.     No  doubt  the  sensory  stimuli 
arising  from  the  accumulation  of  fecal  material  would  eventually 
cause  in  this  way  a  relaxation  of  the  sphincters,  but  the  ad  of 
defecation  usually  takers  place  before  such  a  strong  necessity  ariMk 
It  is  initiated  usually  by  a  voluntary  act,  and  it  is  possible  tlwtin 
such  cases  the  relaxation  of  both  sphincters  may  be  effede*!  by 
voluntary  inhibition  acting  upx)n  the  spinal  centers. 

The  voluntary  factor  in  defecation  consists  mainly  in  the 
contraction  of  the  abdominal  muscles.  When  these  latter 
muscles  are  contracted  and  at  the  same  time  the  diaphragm  is 
prevented  from  moving  upward  by  the  closure  of  the  glottia, 
the  increased  abdoniina!  pressure  is  brought  to  bear  upon  the 
abdominal  and  pelvic  viscera,  and  aids  strongly  in  pressing  ihe 
contents  of  the  descending  colon  and  sigmoid  flexure  into  the 
rectum.  The  pressure  in  the  abdominal  cavity  is  still  further 
increased  if  a  deep  inspiration  is  first  ma<ie  and  then  maintainetl 
during  the  contraction  of  the  abdominal  muscles.  Hertz,  on 
the  l>asis  of  his  skiagraphic  observations,  insists  that  amiiV 
taneously  with  the  contraction  of  the  abdominal  muscles  an" 
the  closure  of  the  glottis  the  diaphragm  is  also  contracted  »n-^ 
thus  aids  in  bringing  pressure  to  bear  upon  the  pelvic  orgai»^ 
Although  the  act  of  defecation  is  normally  initiated  by  voluntAJ^ 
effort,  it  may  also  be  carried  out  as  a  purely  involuntary  refl^ 
when  the  sensory  stimulus  is  sufficiently  strong.  Goltz*  hM 
shown  that  in  dogs  in  which  the  spinal  cord  had  been  sever^ 
in  the  lower  thoracic  region  defecation  was  performed  normally 
In  later  experiments,  in  which  the  entire  spinal  cord  was  removr^ 

•  "Archiv  f  die  geaammt**  Fhysiologie,"  8.  160,  1874;  63,  3ft2,  lH9l5 
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except  in  the  cervical  and  upper  part  of  the  thoracic  region,  it 
was  found  that  the  animal,  after  it  had  recovered  from  the 
operation,  had  normal  movement  once  or  twice  a  day,  indicating 
that  the  rectum  and  lower  bowels  acted  by  virtue  of  their 
intrinsic  mechanism.  An  interesting  result  of  these  experi- 
ments was  the  fact  that  the  external  spfiincter  suffered  no 
atrophy,  although  its  motor  nerve  was  destroyed,  and  that  it 
eventually  regained  its  tonic  activity. 

It  would  seem  that  the  whole  act  of  defecation  is,  at  bottom, 
an  involuntary  reflex.  The  physiological  center  for  the  move- 
ment probably  lies  in  the  lumbar  cord,  and  it  has  sensory  and 
motor  connections  with  the  rectum  and  the  muscles  of  defecation. 
As  stated  above,  the  inhibitory  fihers  to  the  internal  sphincter 
pass  by  way  of  the  hypogastric  nerve,  the  motor  fibers  through 
the  nervus  erigens,  and  both  of  these  nerves  contain  afferent 
fibers  which  may  reflexly  excite  inhibition  or  contraction.  But 
this  center  is  probably  provided  also  with  intraspinal  con- 
nections with  the  centers  of  the  cerebrum.  tlinniKh  which  tfie 
act  may  be  controlled  by  voluntary  impulses  aud  by  van<iU8 
psychical  states;  the  effect  nf  emotions  upon  defecation  being 
a  matter  of  common  knowledge.  In  infants  the  essentially  in- 
voluntary character  of  the  act  is  well  known. 

Vomiting. — The  act  of  vomiting  causes  an  ejection  of  the  con- 
tents of  the  stomach  through  the  esophagus  and  mouth  to  the 
exterior.  It  was  long  debated  whether  the  force  producing  this 
ejection  comes  from  a  strong  contraction  of  the  walls  of  the  stom- 
ach itself  or  whether  it  is  due  mainly  to  the  action  nf  the  walls  of 
the  abdomen.  A  forcilile  spasmodic  contraction  of  the  abdominal 
muscles  takes  place,  as  may  easily  be  observed  by  any  one  upon 
himself,  and  it  is  now  believed  that  the  contraction  of  these  muscles 
is  the  principal  factor  in  vomiting.  Magendie  found  that  if  the 
stomach  was  extirpated  and  a  bladder  containing  water  was  sub- 
stituted in  its  place  and  connected  with  the  esophagus,  injection 
of  an  emetic  caused  a  typical  vomiting  movement  with  ejection  of 
the  contents  of  the  bladder.  Gianuzzi  showed,  on  the  other  hand, 
that  Mpon  a  curarized  animal  vomiting  could  not  be  produced  by  an 
emetic — because,  apparently,  the  muscles  of  the  abdomen  were 
paralyzeil  by  the  curare.  There  are  on  reconi  a  number  of  ob- 
servations which  tend  to  show  that  the  stomach  is  not  passive 
during  the  act.  On  the  contran',  it  may  exhibit  contractions,  more 
or  less  violent  in  character.  According  to  Openchowski,*  the 
pylorus  is  closed  and  the  pyloric  end  of  the  stomach  firmly  con- 
tracted! 80  as  to  drive  the  contents  toward  the  dilateti  cardiac  por- 
tion. Cannon  states  that  in  cats  the  nornuil  peristalHc  waves  pa-ss 
•  OpenchowHki,  "Archiv  f.  Physiologic."  1889,  p.  .V>2. 
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over  the  pyloric  portion  in  the  period  preceding  the  vomiting  and 
that  finally  a  strong  contraction  at  the  "  transverse  band "  com- 
pletely shuts  off  the  pylone  ix>rtion  from  the  body  of  the  stomach, 
which  at  this  time  is  quit4?  relaxed.  The  act  of  vomiting  is.  in  fact, 
a  complex  reflex  movement  into  which  many  muscles  enter.  The 
following  events  are  descriljed :  The  vomiting  is  usually  preceded  by 
a  sensation  of  nausea  and  a  reflex  flow  of  saliva  into  the  mouth. 
These  phenomena  are  succeeded  or  acrornpanied  by  retching  move- 
ments, which  consist  essentially  in  deep,  spasmodic  inspirations  with 
a  closed  glottis.  The  effect  of  these  movements  is  to  ctmipress  the 
stomach  by  the  descent  of  the  diaphragm,  and  at  the  same  time  to 
increase  decidedly  the  negative  pressure  in  the  thorax,  and  therefore 
in  the  thoracic  portion  of  the  esophagus.  During  one  of  these 
retching  movements  the  art  of  vomiting  is  effected  by  a  convulsive 
contniction  of  the  abdominal  wall  that  exerts  a  sudden  adilitional 
strong  pressure  upon  the  stomach.  At  the  same  time  the  cardiac 
orifice  of  the  stomach  is  dilated,  probably  by  an  inhibition  of  the 
sphincter,  and  ac^cording  to  the  above  description  the  fundic  end 
of  the  stomach  is  also  dilated,  while  the  pyloric  end  is  in  strong 
contraction.  The  stomach  contents  are,  therefore,  forced  aho- 
lently  out  of  the  stomach  through  the  esophagus,  the  negative 
pressure  in  the  latter  f>robably  assisting  in  the  act.  The  passage 
through  the  esophagus  is  effected  mainly  by  the  force  of  the  con- 
traction of  t!ie  abdominal  muscles;  there  is  no  evidence  of  anti- 
peristaltic movements  on  the  part  of  the  esophagus  itself.  Dur- 
ing the  ejection  of  the  contents  of  the  stomach  the  glottis  is  kept 
clased  by  the  adductor  muscles,  and  usually  the  nasal  chamber  is 
hkewise  shut  off  from  the  pharynx  by  the  contraction  of  the 
posterior  pillars  of  the  fauces  on  the  palate  and  uvula.  In  violent 
vomiting,  however,  the  vomited  material  may  break  through 
this  latter  barrier  and  be  ejected  partially  through  the  nose. 

Nervous  Mechanism  of  Voni}h'n<f. — That  vomiting  is  a  reflex  act 
is  abundantly  shown  l>y  tlie  frtnjuency  with  which  it  is  protlureil  in 
consequence  of  the  stimulation  of  sensoni'"  nerves  or  as  the  result 
of  injuries  to  various  parts  of  the  central  nervous  system.  After 
lesions  or  injuries  of  the  brain  vomiting  often  results.  Disagreeable 
emotions  and  disturbances  of  the  sense  of  equilibrium  may  produce 
the  same  result.  Irritation  of  the  mucous  membrane  of  various 
parts  of  the  aliiuentar>'  canal  {as,  for  example,  tickling  the  back 
of  the  phannx  with  the  finger);  disturbances  of  the  urogenital 
apparatus,  the  liver,  and  other  visceral  organs;  artificial  stimula- 
tion of  the  trunk  of  the  vagus  and  of  other  sensor>'  nerves,  may  all 
cause  vomiting.  Under  ordinary  conditions,  however,  irritation  of 
the  sensory  nerves  of  the  gastric  mucous  membrane  is  the  most 
common  cause  of  vomiting.     This  effect  may  result  from  the  prod- 
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ucts  of  fermpntation  in  the  stomach  in  cases  of  indigestion,  or  may 
be  produced  intentionall\'  by  local  emetics,  such  aa  mustard,  taken 
into  the  stomach.  The  afferent  path  in  this  case  is  through  the 
sensory  fibers  of  the  vagus.  The  efferent  paths  of  the  reflex  are 
found  in  the  motor  nerves  innervating  the  muscles  concerned  in  the 
vomiting, — namely,  the  vagus,  the  phrenics,  and  the  spinal  ner\'ea 
supplying  the  abdominal  muscles.  Whether  or  not  there  is  a  defi- 
nite vomiting  center  in  which  the  afferent  imt>uLses  are  received 
and  through  which  a  co-ordinated  series  of  efferent  impulses  ie 
sent  out  to  the  various  muscles  has  not  been  satisfactorily  deter- 
mined. It  has  been  shown  that  the  portion  of  the  nervous  system 
through  which  the  reflex  is  effected  lies  in  the  medulla,  and  it  may 
be  observed  that  the  muscles  concerned  in  the  act.  outside  those 
of  the  stomach,  are  respiratory  muscles.  Vomiting,  in  fact,  consists 
essentially  in  a  siniultiuieous  spasmodic  contraction  of  expiratory 
(abdominal)  muscles  and  inspirator}'  muscles  (diaphragm).  It  has 
therefore  been  suggested  that  the  reflex  involves  the  stimulation  of 
the  respiratory  center  or  some  part  of  it.  Thumas  claijns  to  have 
located  a  vomiting  center  in  the  medulla  in  the  immediate  neighbor- 
hood of  the  calamus  scriptorius.  Further  evidence,  however,  ia 
required  upon  this  point.  The  act  of  vomiting  may  be  produced 
not  only  as  a  reflex  from  various  senson'  nerves,  but  may  also  be 
caused  by  direct  act  ion  uj>on  the  medullary  centers.  The  action 
of  apomorphin  is  most  easily  explained  by  supposing  that  it  acta 
directly  on  the  nerve  centers. 
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CHAPTER  XL. 

GENERAL  CONSIDERATIONS  UPON  THE  OOBPOSmOW 
OF  THE  FOOD  AND  THE  ACTION  OF  ENZYMES. 

Foods  and  Foodstuffs. — ^The  tenn  food  when  used  in  a  populir 
sense  includes  everything  that  we  eat  for  the  piirpose  of  nouxisfaing 
the  body.  From  this  point  of  view  the  food  of  mankind  is  of  a  mcst 
varied  character,  comprising  a  great  variety  of  products  of  the 
animal  and  vegetable  kingdoms.  Chemical  analysis  of  the  anunil 
and  vegetable  foods  shows,  however,  that  they  all  contain  one  or 
more  of  five  different  classes  of  substances  which  are  usually 
designated  as  the  foodstuffs  (older  names,  alimentary  or  proxiznflte 
principles)  on  the  belief  that  they  form  the  useful  constituent  (rf  our 
foods.    The  classification  of  foodstuffs  usually  given  is  as  follows: 


Foodstuffs* 


f  Water. 
Inorganic  salts. 
Proteins. 
Carfoohydrates. 
Fats. 


From  the  scientific  point  of  view,  a  foodstuff  or  food  may  be  defined 
as  a  substance  absolutely  necessary  to  the  normal  composition  of 
the  body,  as  in  the  case  of  water  and  salts,  or  as  a  substance  which 
can  be  acted  upon  by  the  tissues  of  the  body  in  such  a  way  as  to 
yield  energy  (heat,  for  example)  or  to  furnish  material  for  the  pro- 
duction or  repair  of  living  tissue.  Moreover,  to  be  a  food  in  the 
physiological  sense,  the  substance  must  not  directly  or  indirectly 
affect  injuriously  the  normal  nutritive  processes  of  the  tissues. 
The  five  substances  named  above  are  all  foods  in  this  sense.  The 
water  and  certain  salts  of  sodium,  potassium,  calcium,  mag- 
nesium, iron,  and  perhaps  other  elements  are  absolutely  necessary 
to  maintain  the  normal  composition  of  the  tissue.  Complete 
withdrawal  of  any  one  of  these  constituents  would  cause  the  death 
of  the  organism.  Proteins,  fats,  and  carbohydrates,  on  the  other 
hand,  are  substances  whose  molecules  have  a  more  or  less  com- 
plex structure.  When  eaten  and  digested  they  enter  the  body 
liquids,  and  are  employed  either  in  the  synthesis  of  the  more  com- 
plex living  matter  or  they  undergo  various  chemical  changes,  spoken 
of  in  general  as  metabolism,  which  result  finally  in  the  breaking  up 
of  their  complex  molecules  with  a  liberation  of  some  of  their  internal 
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energy.  The  rhemicul  changes  of  laetjibolisin  or  nutrition  are, 
in  the  long  run,  mainly  exothermic, — that  is,  they  arc  attended 
by  the  production  of  heat.  Some  of  the  chemical  or  internal  energy 
that  held  the  complex  molecules  together  assumes  the  form  of  heat 
when  these  molecules  are  hrokeii  down  by  oxidative  changes  to  sim- 
pler, more  stable  structures,  «uch  as  water,  carbon  dioxid,  and  urea. 
Proteins,  fat-s,  and  carlx>hydrates  form  materials  that  the  tissue 
cells  are  adjust eti  to  act  upon  after  they  have  undergone  certain 
changes  during  digestion.  Other  complex  organic  comj)ounds  con- 
taining chemical  energ>'  are  either  injurious  to  the  tissues,  or  they 
have  a  structure  such  that  the  tissues  cannot  act  upon  them. 
Such  substances  cannot  Ije  consi<lered  as  fotxls  in  the  scientific 
sense.  When,  therefore,  we  desire  to  know  the  food  value  of  any 
animal  or  veget^ible  product,  we  analyze  it  to  determine  its  compo- 
sition as  regards  water,  salts,  proteins,  fats,  and  carbohydrates. 
The  following  t-able  compilett  by  Munk  from  the  analyses  ^ven  by 
Konig*  may  \ye  taken  as  an  indication  of  the  average  composition 
of  the  most  commonlv  used  foods: 


COMPOSITION  OF  FOODS. 


IM  JOO  pAiirt. 


Meat 

Eggs 

Cheeee 

Cows'  milk 

HumAn  milk 

Wheat  flour 

Whent  bread 

Rye  flour 

Rye  bread 

Rjoe 

Com 

Macaroni 

Peas,  beans,  lentils 

Potatoes 

Carrots 

Cat)bage8 

Mushrooms 

Fruit   


Watmi- 

Pkotpim. 

Fat. 

76.7 

20,8 

L5 

73.7 

12.6 

12.1 

36-60 

25-33 

7-30 

87.7 

3.4 

3.2 

89.7 

2.0 

3.1 

i3.a 

10.2 

0.9 

35.6 

7.1 

0.2 

13.7 

11.5 

2.1 

42.3 

6.1 

04 

13.1 

7.0 

0.9 

13.1 

9.0 

4.6 

10.1 

9.0 

0.3 

12-15 

23-26 

l*-2 

75.5 

2.0 

0.2 

87.1 

1.0 

0.2 

go 

2-3 

0.6 

73-91 

4-8 

0.5 

84 

0.5 

... 

Cabbobtphatb. 


Am. 


An  examination  of  this  table  shows  that  the  animal  foods,  par- 
ticularly the  meats,  are  characterized  by  their  small  percentage  in 
carbohydrate  and  by  a  relatively  large  amount  of  prot-ein  or  of 
protein  and  fat.     With  regard  to  the  last  two  foodstuffs,  meats  differ 

•See  KOnig,  "Die  raenBchlichen  Nahrungs  und  G^nuflemittel ":  and 
Atwater  and  Bryant,  '^  The  Chemical  Composition  of  Amerioan  Food  Mato- 
riaU."  Bulletin  28,  United  States  Department  of  Agriculture,  J899. 


740 


PHTSIOLOtOT   OF   DIGESTION   AND   SBCBSnON. 


very  much  among  themselves.  Some  idea  of  the  limits  of  v&iiatioo 
may  be  obtained  from  the  following  table,  taken  chiefly  fiom 
Konig's  analyses: 


Water. 

PROTBDI. 

Fat. 

73.03 

20.96 

5.41 

72.31 

18.88 

7.41 

75.99 

17.11 

6.77 

72.57 

20.05 

6.81 

62.58 

22.32 

8.68 

10.00 

3.00 

80.60 

71.6 

18.8 

8.2 

Carbobtmusb.  !  Aml 


Beef,  moderately  fat  . . , 

Veal,  fat 

IfuttODy  moderately  fat< 

Pork,  lean 

Ham,  salted 

Pork  (bacon),  very  fat* 
Bfackerel* 


0.46 
0.07 


1.14 

in 

1.10 
6.42 
6i 
1.4 


The  v^etable  foods  are  distinguished,  as  a  rule,  by  thdr  lazjs 
percentage  in  carbohydrates  and  the  relatively  small  amounta  d 
proteins  and  fats,  as  seen,  for  example,  in  the  composition  of  rice, 
corn,  wheat,  and  potatoes.  Nevertheless,  it  will  be  noticed  that  the 
proportion  of  protein  in  some  of  the  vegetables  is  not  at  all  insignifi- 
cant. They  are  characterized  by  their  excess  in  carbohydrates 
rather  than  by  a  deficiency  in  proteins.  The  composition  of  peis 
and  other  leguminous  foods  is  remarkable  for  the  large  perc^tap 
of  protein,  which  exceeds  that  found  in  meats.  Analyses  such  as 
are  given  here  are  indispensable  in  determining  the  true  nutritive 
value  of  foods.  Nevertheless,  it  must  be  borne  in  mind  that  the 
chemical  composition  of  a  food  is  not  alone  sufficient  to  determioe 
its  precise  value  in  nutrition.  It  is  ob\aousIy  true  that  it  is  not  what 
we  eat,  but  what  we  digest  and  absorb,  that  is  nutritious  to  the 
body;  so  that,  in  addition  to  determining  the  proportion  of  food- 
stuffs in  any  given  food,  it  is  necessary  to  determine  to  what  extent 
the  several  constituents  are  digested.  This  factor  can  be  obtained 
only  by  actual  experiments.  It  may  be  said  here,  however,  that 
in  general  the  proteins  of  animal  foods  are  more  completely  digested 
than  are  those  of  vegetables,  owing  chiefly  to  the  fact  that  the 
latter  may  contain  a  considerable  amount  of  indigestible  cellulose, 
which  tends  to  protect  the  protein  from  the  action  of  the  dipesr 
tive  secretions.  In  the  animal  foods,  therefore,  chemical  analyst 
comes  nearer  to  expressing  directly  the  nutritive  value. 

It  must  Ix;  borne  in  mind  also,  as  will  be  explained  more  ^^ 
detail  in  the  chapters  on  nutrition,  that  our  various  foods,  anir"*"*^ 
and  vegotal)lc,  may  contain  substances  other  than  the  protei^^ 
fats,  and  carbohydrates,  which  play  an  accessory  or  even  essont- 
r61c  in  the  complex  chemical  processes  of  nutrition.  This  idea»^ 
illustrated  by  the  existence  of  what  are  known  as  viiamines  (p.  QC^*^ 
and  their  mysteriously  important  relation  to  normal  nutriti*^ 
The  proteins  also,  it  will  be  found,  arc  not  all  of  equal  value 
•  Atwater,  "The  Chemistry  of  Foods  and  Nutrition,"  1887. 
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metabolism,  and  the  saiiie  fact  is  true  probably  to  some  extent  for 
the  different  fnit^  and  carbohyd rates.  The  matter  is  referred  to 
here  only  to  emphasize  the  point  that  an  analysis  gi\nng  the  per- 
centage of  protein,  fat,  carbohydrate,  ash,  and  water  does  not 
in  it-iSelf  reveal  the  eoinplete  nutritive  iinpi)rtanee  of  a  food.  There 
is  much  to  be  learned  re^ardinK  other  speLdal  constituents  which, 
at  present,  cannot  be  stated  in  a  table  of  analyses  of  the  foods. 

Accessory  Articles  of  Diet.^In  addition  to  tlie  foodstufTs 
proper,  our  foods  contain  numerous  other  substances  which  in 
one  way  or  another  are  useful  in  nutrition,  although  not  abso- 
lutely necessary.  These  substances,  differinK  in  nature  and 
importance,  may  be  classified  under  the  thrt>e  heads  of: 

Flavtirn:   The  varloiiH  oils  i>r  (v^^lers  that  (jive  odor  and  iaatc  to  fcMxla. 
Coiuliinonls:    l*o|tp(T.  siilt,  rinistani,  etc. 
Stimulant-n:    Alcubul,  tea,  coffee,  cocoa,  etc. 

The  specific  influence  of  these  substances  in  digestion  and  nutri- 
tion is  considered  in  the  sectitm  on  Nutritiun. 

The  Chemical  Changes  of  the  Foodstuffs  during  Digestion. 
— ^The  physiology'  of  digestion  conaiste  chiefly  in  the  study  of  the 
chemical  changes  that  the  food  undergoes  during  its  passage  through 
the  alinientar}'  canal.  It  happens  that  these  chemical  changes  are 
of  a  peculiar  character.  The  pecuharity  is  due  to  the  fact  that  the 
changes  of  digestion  are  effected  through  the  agency  of  a  group  of 
bodite  known  as  cmymes^  or  unorganized  ferments,  whose  chemical 
action  is  more  obscure  than  that  of  the  ordiiiarv  reagents  with  which 
we  have  to  deal.  It  will  save  repetition  to  give  here  certain  general 
facts  that  are  known  with  reference  to  these  bodies,  reser\ing  for 
later  treatment  the  details  of  the  action  of  the  specific  enzjonea 
found  in  the  different  digestive  secretions. 


ENZYMES  AND  THEIR  ACTION* 

Historical. — ^The  term  fermentation  and  the  idea  that  it  is 
meant  to  convey  has  varied  greatly  during  the  course  of  years.  The 
word  at  first  wa«i  applied  to  certain  obvious  and  apparent!}'  spon- 
taneous changes  in  organic  materials  which  are  accompanied  by  the 
liberation  of  bubbles  of  gas:  such,  for  instance,  as  the  alcoholic 
fermentations,  in  wliich  alcohol  is  formed  from  sugar;  the  acid  fer- 
mentations, as  in  the  souring  of  milk;  and  the  putrefactive  fer- 
mentations, by  means  of  which  animal  substances  are  disintegrated, 
with  the  production  of  ofFensi\'e  odors.  These  mysterious  phenom- 
ena excited  naturally  the  interest  of  investigators,  and  with  the 
development  of  chemical  knowledge  numerous  other  processes  were 
discovered  which  resemble  the  typical  fermentations  in  that  they 
seem  to  be  due  to  specific  agents  whose  mode  of  action  differs  from 
the  usual  chemical  reactions,  especially  in  the  fact  that  the  causa- 
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tive  agent  itself,  or  the  ferment  as  it  is  called,  is  not  destroyed  or 

used  up  in  the  reaction.  Thus  it  was  discovered  that  germinating 
barley  grains  contain  a  something  which  can  l>e  extracted  b\'  water 
and  which  can  convert  starch  into  sugar  (KirchhofiF,  1814).  Later 
this  substance  was  separated  by  precipitation  with  alcohol  acdnt 
given  the  name  of  diastase  (Payen  and  Persoz,  1833).  Schwus 
in  1836  demonstrated  the  existence  of  a  ferment  (pepsin)  in  gastric 
juice  capable  of  acting  upon  albuminous  substances,  and  aniunber 
of  similar  Iwdies  were  soon  discovered:  trypsin  in  the  panrreitic 
juice,  amygdalin,  inverting  ptyalin,  etc.  The»e  substances  weieiD 
designated  as  ferments,  and  their  action  was  compared  to  that  of 
the  alcoholic  fermentation  in  yeast,  the  process  of  putrefaction,  etc. 
Naturally  ver^-^  many  theories  have  been  proposed  regarding  the 
cause  of  the  processes  of  fennentation.  I'or  the  historical  develop- 
ment and  interrelation  of  these  theories  references  must  \h'  m:i>ie  to 
special  works.*  It  is  siifficicnt  here  to  say  that  the  brilliant  woA 
of  Pasteur  establislied  the  fact  that  the  fermentations  in  the  old 
sense — alcoholic,  acid,  and  putrefartive — are  (hie  to  the  prwenM 
and  activity  of  living  organisms.  He  showed,  moreover,  thst 
many  diseases  are  likewise  due  to  the  activity  of  minute  lining 
organisms,  and  thus  justified  the  \'iew  held  by  some  of  the  older 
physicians  that  there  is  a  close  similarity  in  the  processes  of  fe^ 
mentation  and  disease.  The  clear  demonstration  of  the  importAwe 
of  living  organisms  in  some  fermentations  and  the  equally  ci«r 
proof  of  the  existence  of  another  group  of  ferment  actions  in  wiurh 
living  material  is  not  directly  concerned  led  to  a  classification  whifh 
is  used  even  at  the  present  day.  This  classification  divided  f€^ 
ments  into  two  great  groups:  the  living  or  or^ganized  ferments,  wich 
as  the  yeast  cell,  bacteria,  etc.;  and  the  non-living  or  unorg&niJtd 
ferments,  such  as  pepsin.  tr>'psin,  etc.,  which  later  were  generally 
designated  as  enzymes  (Kuhne).  The  separation  appeared  to  be 
entirely  satisfactory'  imtil  Buchner  (1807)  showed  that  an  uDo^ 
ganized  ferment,  an  enzyme  (zymase)  capable  of  producing  alcohol 
from  sugar,  may  be  extracted  from  yeast  cells.  Later  the  awje 
observer  (1903)  succeeded  in  extracting  enzymes  from  the  lactic 
acid- producing  Ijacteria  and  the  acetic-acid-producing  l)actcrift 
which  are  capable  of  giving  the  same  reactions  as  the  living  bscten*- 
These  discoveries  indicate  clearly  that  there  is  no  essential  differwrt 
between  the  activity  of  lixing  and  non-li\nng  ferments.  The  «h 
called  organized  fennents  probably  produce  their  effects  not  by 
virtue  of  their  specific  life-metabolism,  but  by  the  manufaclurt 
within  their  sui^stance  of  specific  enzymes.     If  we  can  accept  tins 

•Consult  Onpenhr-imer,  "Dip  Fcmiente  und  ihre  WirkuMpn."  f^^ 
edition,  1903;  MrK>r**,  in  *'Roc(»nt  Ad\'nnccs  in  Physiology  and  Biochwnisl^' 
London  and  New  York,"  1906;  V>mou,  ''Intmct'llul&rErayuios,''  Loodoo. 
1908;  Kuler,  "General  Chemistry  of  the  En2>Tne8*'  (Irunslatiou  by  Pope),  l*'*^. 
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conclusion,  then  the  general  explanation  of  fermentation  is  to  be 
lought  in  the  nature  of  the  enzymatic  processes.     Within  recent 
yeais  the  study  of  the  enzymes  has  attracted  especial  attention. 
The  general  point  of  view  regarding  their  mode  of  action  thut  is 
most  frequently  met  with  to-day  la  that  advocated  especially 
by  Ostwald.     He   assumes,    reviving   an   older   view   (Berzelius), 
that  the  ferment  actions  are  similar  to  those  of  catalysis.     By 
eitalysis  chemists  designated  a  species  of  reaction  which  is  brought 
about  by  the  mere  contact  or  presence  of  certain  substanceSj  the 
catiilyzers.     Thus,  hydrogen  and  oxygen  at  ordinar}'  temperatures 
do  not  combine  to  form  water,  but  if  spongy  platinum  is  present 
ih(?  two  gases  unite  readiiy-     The  platinum  does  not  enter  into  the 
reaction,  at  least  it  undergoes  no  change,  and  it  is  said,  therefore, 
lo  act  by  catalysis.    Many  similar  catalytic  reactions  are  knowiij 
mmJ  the  chemists  have  reached  the  imi>ortant  generalization  that 
in  such  rejictions  the  catalyzer,  platinum  in  the  above  Instance, 
<imply  hastens  a  process  which  would  occur  without  it,  but  much 
more  slowly.     A  catalyzer  is  a  substance,   therefore,   that  alters 
the  velocity  of  a  reaction,  but  does  not  initiate  it.     This  idea  is 
illustrated  very  clearly  by  the  catalysis  of  hydrogen  peroxid.    This 
substance  decomijoses  spontaneously  into  water  and  oxygen  accord- 
ing to  the    reaction  HjO^  =  H^jO  +  O,  but  the   decomposition   is 
greatly  hastened  by  the  presence  of  a  catalyzer.    Thus,  Bredig  has 
shown  that  platinum  in  very  fine  suspension,  so-called  colloidal 
aolution,  exerts  a  marked  accelerating  influence  upon  this  reaction; 
one  part  of  the  colloidal  platinum  to  350  million  parts  of  water 
may  still  exercise  a  perceptii^le  effect.    The  l^lo^id  and  aijueous  ex- 
tracts of  various  tissues  also  catalyze  the  hydrogen  peroxid  readily, 
4nd  this  effect  has  been  attributed  to  the  action  of  an  enzyme  (cata- 
laae).     The  view  has  l>een  proposed,  thetvfor-e,  that  the  enzymes  of 
the  body  act  like  the  catalyzers  of  inorganic  origin:  they  influence 
the  velocity  of  certain  special  reactions.     Such  a  general  conception 
as  this  unifies  the  whole  subject  of  fermentation  and  holds  out  the 
hope  that  the  more  precise  investigations  that  are  possible  in  the  case 
of  the  inorganic  catalyzers  will  eventually  lead  to  a  l>etter  under- 
standing of  the  untlerlying  physical  causes  of  fermentation.     It 
should  be  home  in  mind,  however,  that  some  of  the  best  known  of  the 
ferment  actions  of  the  body,  sucli  as  the  peptic  or  trj'ptic  digestion  of 
protein,  fit  into  this  \dew  only  theoretically  and  by  analogy.    As  a 
matter  of  fact,  albumins  at  ordinar\'  temperatures  do  not  split  up 
spontaneously  into  the  products  fonned  by  the  action  of  pei>8in; 
if  we  consider  that  the  pepsin  simply  accelerates  a  reaction  already 
t&king  place,  it  must  be  stated   that  this  reaction  at  ordinary 
temperatures  is  infinitely  slow,—that  is,  practically  docs  not  occur. 
At  higher  temperatures,  however,  similar  decompositions  of  al- 
bunain  may  be  obtained  without  the  presence  of  an  enzyme. 
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Reversible  Reactions. — It  has  been  shown  that  under  proper 
conditions  many  chemical  reactions  are  reversible, — that  is,  mir 
take  place  in  opposite  directions.  For  instance,  acetic  acid  uid 
ethyl-alcohol  brought  together  react  with  the  production  of  elfa}l- 
acetate  and  water: 

CH.COOH  +  CH,OH  =  CH,COOC,H.  +  H.O. 

Acetic  add.  AlooboL  Ethyl-Ac«Ut«.        Watar. 

On  the  other  hand,  when  ethyl-acetate  and  water  are  brought 
together  they  react  with  the  formation  of  some  acetic  acid  aod 
ethyl-alcohol,  so  that  the  reaction  indicated  in  the  above  equfltioD 
takes  place  in  opp<Jsite  directions,  figuratively  speaking, — a  fact 
which  may  be  indicated  by  a  symbol  of  this  kind: 

CHjCOOH  +  CjH.OH  :^  CH.COOC^.  +  H,0. 

It  is  evident  that  in  a  reversible  reaction  of  this  sort  the  oppoalc 
changes  will  eventually  strike  an  equilibrium,  the  solution  or  mil* 
ture  ^vill  contain  some  of  all  four  substances,  and  this  equilib- 
rium will  remain  constant  as  long  as  the  conditions  are  unchangei 
If  the  conditions  are  altered,  however, — ^if,  for  example,  some  of  the 
sul^etances  formed  are  removed  or  the  mixture  is  altered  astoite 
concentration, — then  the  reaction  will  proceed  unequally  in  the  two 
directions  until  a  new  equilibrium  is  established.  The  importance, 
in  the  present  comiection,  of  this  conception  of  reversiljility  of  re•^ 
tions  is  found  in  the  fact  that  a  number  of  the  catalytic  reactions 
are  also  reversible.  The  catalyzer  may  not  only  accelerate  a  »»• 
tion  between  two  sul^stances,  but  may  also  accelerate  the  recooH 
position  of  the  products  into  the  original  substances.  An  excellent 
instance  of  this  double  efifect  has  been  obtained  by  Kastle  ud 
Loevenhart  in  experiments  upon  one  of  the  enzymes  of  the  animil 
body,  lipase.  Lipase  is  the  enzyme  which  in  the  body  acts  upon  the 
neutral  fats^  converting  them  into  fatty  acids  and  glycerin,-* 
process  that  takes  place  as  a  usual  if  not  necessary  step  in  the  dige^ 
tion  and  absorption  of  fats.  The  authors  alx)ve  named*  made  use 
of  a  simple  eater  analogous  to  the  fats,  ethyI-but>Tate,  and  showed 
that  lipase  causes  not  only  an  hydrolysis  of  this  substance  into  ( 
alcohol  and  butyric  acid,  but  also  a  synthesis  of  the  two  last-o 
substances  into  ethyl-butyrate  and  water.  The  reaction  effected 
by  the  lipase  is  therefore  reveraible  and  may  be  expressed  as: 


C,H,COOC,H,  +  H,0 

£thyl-butyrat«.      Water. 


C,H,COOH  +  C,H.OH. 

fiutyrio  add.     Ethyl -aloobol. 


Lipase  is  capable  of  exerting  probably  a  similar  reverwhle  reaction  on 
the  fats  in  the  body.  Assuming  the  existence  of  such  an  action  b 
the  body,  it  is  possible  to  explain  not  only  the  digestion  of  fate,  but 

•  Kiutle  and  Loevenhart,  "  Amprican  Chemical  Journal, "  24.  4i»l,  190O. 
See  also  Loevenhart,  "American  Physiologioal  Joumal,"  6,  ;i3!,  1902. 
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also  their  formation  in  the  tissues  and  their  absorption  from  the 
tissues  during  star\'ation.  That  is,  aecording  to  the  conditions  of 
concentrutiun,  etc.,  one  and  the  same  enz\Tne  may  cause  a  splitting 
up  of  tho  neutral  fat  into  fatty  acids  and  glycerin  or  a  storing  up  of 
neutral  fat  by  the  synthesis  of  fatty  acid  and  plyccriii.  In  the  sub- 
cutaneous tissues,  therefore,  fat  maj"-  be  stored,  to  a  certain  point, 
or,  if  the  conditions  are  altered,  the  fat  that  is  there  may  be  nhanged 
over  to  the  fatty  acids  anri  glycerin  and  be  oxidiz&l  in  the  body  as 
food. 

A  similar  reversibility  has  been  shown  for  some  of  the  other 
enzymes  of  the  l)ody  (maltase  by  Hill,  1898),  but  whether  or  not  all 
of  them  will  be  shown  to  possess  this  power  under  the  conditions  of 
temperature,  etc.,  that  prevail  in  the  body  can  only  be  deternuned 
by  actual  experiments. 

The  Specificity  of  £nz3niies. — A  most  interesting  feature  of 
the  activity  of  enzymes  is  that  it  is  specific.  The  enzymes  that 
act  upon  the  carbohydrates  are  not  capable  of  affecting  the  pro- 
teins or  fats,  and  vice  inrsa.  So  in  the  fermentation  of  closely 
rclatetl  boiUes  such  as  the  double  sugars,  the  enzyme  that  acts 
upon  the  maltose  is  not  capable  of  affecting  the  lactose;  each  re- 
quires seemingly  its  own  specific  enzyme.  In  fact,  there  is  no  clear 
proof  that  any  single  enzyme  can  produce  more  than  one  kind  of 
ferment  action.  If  in  any  extract  or  secretion  two  or  more  kinds 
of  fennent  action  can  be  demonstrated,  the  tendency  at  present 
LB  to  attribute  these  different  activities  to  the  existence  of  separate 
and  specific  enzymes.  The  pancreatic  jiiice,  for  example,  splits 
proteins,  starches,  and  fats  and  curdles  nulk,  and  there  are  assumed 
to  l;»e  four  tlifferent  enzymes  present, — namely,  trypsin,  diastaae, 
lipase,  and  rennin.  So  if  an  extract  containing  diastase  is  also 
capable  of  decomposing  hydrogen  peroxid  it  is  Ijelieved  that  this 
latter  effect  is  due  to  the  existence  of  a  special  eazymef  catalase. 
It  seems  quite  probable  that  this  sf)ecificity  of  the  different  enzymes 
niay  be  related,  as  Fischer*  has  suggested,  to  the  geometrical  struc- 
tare  of  the  &ul>stance  acted  upon.  Each  ferment  is  adapted  to  act 
upon  or  become  attached  to  a  molecule  with  a  certain  definite 
structure, — fitted  to  itj  in  fact,  as  a  key  to  its  lock.  In  this  respect 
the  action  of  the  so-called  hydrolytic  enzymes  differs  markedly  from 
the  dilute  acids  or  alkalies  which  hydrolyze  many  different  substances 
without  indication  of  an>'  sf)ecificity.  Attention  has  been  calle<l  to 
the  fact  that  this  adaptibility  of  enzymes  to  certiiin  specific  struc- 
tures in  the  molecules  act^d  upon  resembles  closely  the  sjx^cific 
activity  of  the  toxins,  and  many  useful  and  suggestive  com- 
parisons may  be  drawn  Ijetween  the  mode  of  action  of  enzymes 
and  toxins.     It  has  become  customary  to  speak  of  the  substance 

•  Fi8her,  ^'Zeitschrift  f.  physiolog.  Chemie,"  26,  71,  1898. 
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A&  enxyme  acta  as  its  substrate,  and  it  has  been 
that  the  action  of  the  enzyme,  like  that  of  the  toxins. 
takos  place  in  two  stages;  first,  the  combination  of  the  enzyme 
aod  the  sab^rate;  second,  the  breaking  down  of  this  compound 
togiTe  the  hnal  products  of  the  reaction.  There  is  some  reason 
for  beiJevin^  that  these  two  stages  may  be  separated,  and  that 
guy  men  wftueh  on  account  of  certain  conditions,  such  as  heating, 
hrnr^  kd  their  powex  of  decomposhig  the  sul>strate.  may  still 
hare  the  [K>«er  of  combining  with  it.  Toxins  showing  a  similar 
fnpetXy  are  designated  as  toxoids,  and  for  the  enzyme  in  this 
coDchtioa  the  tenn  i>*moid  has  been  suggested  (Bayliss) 

Oifiiiitioii  and  Classification  of  Enzymes  (Ferments). — On  the 
baajaof  the  consider:ition:>  presented  in  the  preceding  paragraphs 
Opponheimer  suggests  the  following  deftnition:  An  enzyme  is  a 
s«bslance»  produced  by  living  cells,  which  acts  by  catalysis.  The 
wuxTOC  itsvlf  remains  unohanired  in  this  process,  and  it  acts  specifi- 
oaHy, — that  is«  each  en2>Tne  exert*  it,s  activity  only  upon  sul^stancw 
vhose  molerulrs  have  a  certain  definite  structur:ii  and  stereochemi- 
cal arraaifenient.  The  enzymes  of  the  body  are  organic  substances 
of  a  colloid  structure  whose  chemical  composition  is  unknovi^. 
A  distiBCtion  is  made  frequently  between  endo-enzymes  and  exo- 
aaiyMts.  Under  the  latter  group  are  included  those  enzymes  which 
aro  cGminatixi  from  the  cells  in  which  they  are  formed,  and  which 
arc  fountl.  therefon*,  in  solution  in  the  secretions,  for  example, 
tht*  pt>*alin  of  the  saliva  or  the  pepsin  of  the  gastric  juice.  By 
cndtv-eniymt^s  is  meant  a  group  of  intracelhilar  enzymes  which  are 
not  secri»tod.  but  are  held  within  the  cells  in  some  form  of  com- 
bination. To  obtain  them  in  solution  or  suspen.sion  it  is  necessary 
lo  dtffitroy  Uiis  cell,  usually  by  mechanical  means,  such  as  grinding 
the  tissue  with  sand  and.  in  some  cases,  by  submitting  the  ground 
ny^se  to  a  gn*at  pressure  in  a  hydraulic  press.  The  liquid  obtained 
by  thL<  latter  method  is  kno^^^l  as  the  "  press  juice  "  of  the  tissue. 
lu  life  the  endo-enzynu»s  play  their  pari  within  the  bounds  of  the 
wlU  in  which  they  are  contained,  and  probably  constitute  the 
dlM  ttieans  through  which  are  effected  the  metalK)hc  processes, 
Ihat  chaniCtcri«o  living  matter. 

With  Wfanl  to  the  names  and  classification  of  the  different 
«iMiynw««  much  difficulty  is  experienced.  There  is  no  consensus 
aiiHU^  wv»rkere  as  to  the  system  to  be  followed.  Duclaux  has  sug- 
Malld  thai  ta  amyme  be  designated  by  the  name  of  the  body  on 
^(htok Hi ttCikinb exerted,  ami  that  all  of  them  be  given  the  termin- 
4Mt^  The  enxyme  acting  on  fat  on  this  system  would  l»e 
hlMtf»;  that  on  starch,  amylase;  that  on  maltose,  maltase, 
^1^  flu^  M^ipation  has  been  followed  in  part  only,  the  older  en- 
l^iAM^wMllkVtrc  first  discovered  being  referred  to  most  frt^quently 
4^^j^  thik"  tfifinal  nances.     Having  in  mind  only  th<>  needs  of 
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animal  ph3'siolog>%  the  following  classification  will  be  used  in  the 
treatment  of  the  subjects  of  digestion  and  nutrition: 

1.  The  proteolytic  or  protein-spUtting  cnivmes.     Exainnles:  Pepsin  of  gastric 

juiee.  tr>'p**'^  ^^  piincrciitic  juice,  lliey  cause  a  nydrolytic  cleavage  of 
the  protein  molecule. 

2.  The  amyl"»Iytic  or  starch-splitlinn  enzyines.     Examples:    Ptyalin  or  siili- 

viiry  diastase,  amylase,  or  pancreatic  diaata.'W.  Their  action  is  cUwely 
8ttiiihir  to  that  of  the  cliissical  enzyme  of  tliis  group — diastase — fount] 
in  nf*fniinatinK  barley  grains.  They  cause  a  hydrolytic  cleavage  of  the 
starch  molecule, 

3.  The  lijKilytic,  tir  fat-splitting  enzjinei*.     Example:     The  lipase  found  in 

the  pancreatic  accretion^  in  the  liver,  connective  tissues,  blood,  etc. 
They  cause  a  hydrotytic  cleavafte  of  the  fat  molecule. 

4.  The  sii^ar-splittinR  enzJ^nert.     Th*'«e  again  fall  into  two  >nibgroui»»:     (a) 

The  mvcrting  cnityincs.  which  convert  the  double  .sugars  or  dinaccharids 
into  the  raoiiosarcharius.  Examples:  MaUase,  which  splits  maltose  to 
dexlrase;  irivertase,  which  splits  cane^URar  to  dextrose  and  levuloae; 
and  lactase,  which  splits  milk-svigar  (lactose)  Uy  dextrose  and  galactose. 
(&)  The  eriKymea,  which  split  tht*  [nonoriaceh:irfds.  Then-  is  evidence  of 
the  preaencc  in  the  tissuci^  of  an  enzyme  capable  of  splitting  the  sugar  of 
the  olood  and  tissues  (dextrose)  into  lactic  acid. 

5.  Tlie  oougnlating  enaynies,    which   convert   s<iluble   to   iiisuluble   proteina. 

Example:    The  coagulation  of  the  caaein  of  rnilk  by  rennin. 

6.  The  oxiaizing  enzymes,  or  oxidases.     A  group  of  enzymes  which  set  up 

oxidation  processes.  Some  of  the  deluila  of  the  aclivily  of  these  enzymes 
are  conwidertHl  in  the  disca'^sion  of  phvaiological  oxidatioas  (see  p.  959). 

7.  The  deaminizing  enzymes,  which  by  hyorotytic  cleavage  split  off  an  NH, 

group  as  ammonia.  Thus  alanin  (aminopropionic  acid)  by  hydrolysis 
loses  its  NHi  groui)  i%s  ammonia  anil  passes  into  lactic  acid. 

C,HCHNH,C()OH  -K  H,0  =  NH,  +  CH.CHOHCOOH. 

The  enz>'mes  contained  in  the  first,  second,  third,  and  fourth  (o) 
of  these  groups  are  the  ones  that  play  the  chief  r6Ie3  in  the  digestive 
processes,  and  it  will  be  noticed  that  they  all  act  by  hydrolt/sis,— 
that  is,  they  cause  the  molecules  of  the  substance  to  undergo  de- 
composition or  cleavage  by  a  reaction  with  water.  Thus,  in  the 
conversion  of  maltose  to  dextrose  by  the  action  of  maltase  the  re- 
action may  be  expressed  so: 

C«H«0|,  +  H,0  =  C,H„0,  +  C,H„0^ 
MalioM.  Dextrose.        Dcxtroae. 

And  the  hydrolysis  of  the  neutral  fats  by  lipase  may  be  expressed 
so: 

C.H,(C„H^O^,  +  3H,0  =  C.H,(OH),  +  2(CJi^0X 

Tnateann.  Glycenn.  Stearic  KCia. 

Protective  Enzymes. — Experimental  work  in  recent  years  has 
brought  out  the  interesting  and  important  fact  that  when  foreign 
proteins,  carbohydrates,  or  fats  are  introduced  into  the  blood  of  a 
living  aninml  corresponding  enzymes  are  formed  which  arc  adapted 
to  break  down  the  foreign  material  by  a  process  of  digestion.* 

•Consult  Abderhalden,  "Schutzferment*?  des  tierischen  organismus," 
1912;  abo  Vaughan,  "Protein  SpUt  Protlucts  in  Relation  to  Immunity  and 
Dieease,"  1913,  and  "Journal  of  the  Ainer.  Med.  Aflsoc.,"  August  \,  1914. 
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The  blood-seruni  may  not  contain  any  protpolj'tir  enzyme  capable 
of  hydrolyzinp:  cgg-alburnin,  but  if  this  protein  is  injected  int-o  the 
animal  the  scrum  will  then  be  found  to  contiiin  an  enzyme  that 
di^ctits  CRg-albumin.  Similarly,  if  cane  sugar  is  injected  the  bhxKl- 
serum  will  show  the  prestmce  of  an  inverting  enzyme  that  splits 
the  cane-sugar  to  its  constituent  monosaccharids.  It  has  been 
claimed,  moreover,  that  if  any  of  the  cellular  material  of  the 
animars  own  lx>dy,  not  nonnally  present  in  the  bloud,  finds  its  way 
into  this  liquid,  enz>Tnes  are  produced  capalile  of  digesting  this 
blood-foreign  material.  There  is  reason  to  believ^e  that  the  pro- 
tective enzymes  thus  developed  show  a  considerable  degree  of 
spet^ificity  to  the  particular  foreign  material  respoasible  for  their 
formation,  and  efforts  have  Ih^ch  nuide,  therefore,  to  utilize  the  fact 
in  the  diagnosis  of  abnormal  conditionrs,  the  method  l>emg  desig- 
nated as  the  Abderhalden  te^t,  after  the  name  of  the  physiologist 
who  first  proposed  its  use,  or  more  generally  as  the  method  of  sero- 
diagnosis.  Thus,  in  pregnancy,  cells  from  the  chorionic  villi  of  the 
placenta  get  into  the  blood  of  the  mother,  and  examination  of  her 
blood-scrum  shows  the  presence  of  an  enzyme  that  digests  placental 
proteins.  The  biological  reaction,  wliereby  these  protective  en- 
zjanes  are  produced,  is  similar  to  that  already  descrilxxl  in  the  case 
of  the  formation  of  iirecipitins  (p.  424)  and  antilxjdies  in  general. 
There  can  t)e  little  doubt,  that  it  constitutes  a  part  of  the  mechan- 
ism by  which  the  body  acquirCvS  imnmnity  to  certain  infectious  dis- 
eases, and  possibly  also  it  may  ser\'e  to  explain  the  development 
of  the  condition  known  as  h>TX*rsensitizat.ion  or  anaphylaxis. 

General  Properties  of  £nz3rmes. — The  sjK^'cific  reactions  of  the 
various  enzymes  of  the  hudy  are  referreil  to  under  separate  he.ada. 
The  following  general  characteristics  may  be  noted  briefl)': 

Soiid)iUty. — Most  of  the  enzymes  are  soluijie  in  water  or  salt 
solutions,  or  in  glycerin.  By  these  means  they  may  be  extmcted 
conveniently  from  the  various  tissues.  In  some  cases,  however,  such 
simple  methods  do  not  suffice,  particularly  for  the  endo-enzymes; 
the  enzyme  is  either  insoluble  or  is  destroyed  in  the  process  of  ex- 
traction, and  to  prove  its  presence  pieces  of  the  tissue  or  the  juice 
pressed  from  the  tissue  mast  be  employed. 

Tcmprruiure. — The  Imdy  enzymes  are  characterizeil  by  the  fact] 
that  they  are  destroyed  by  high  temperatures  (tiU^  C.  to  80**  C.)  and^ 
that  their  effect  is  retarded  in  jiart  or  entirely  by  low  temperaturefl. 
Most  of  them  show  an  optimum  activity  at  temperatures  approxi- 
mating that  of  the  IxKly. 

Precipitation  J  Adsorption, — The  enzymes  are  precipitated  from 
their  solutions  in  part  at  least  by  excess  of  alcohol.  This  precipi- 
tation is  fre<|uently  used  in  obtaining  purified  specimens  of  en- 
lymes.  The  enzymes,  moreover,  show  an  interesting  tendency  to 
be  carried  down  mechanically  by  flocculent  precipitates  produced  in 


^^  COMPOSITION   OF   FOOD   AND    ACTION   OF   ENZYMES.  749 

their  solutions.  If  protein  present  in  the  solution  is  precipitated, 
for  instance,  the  enzymes  may  be  carrie<i  down  with  it  in  part. 
The  mode  of  union  of  the  enzyme  with  the  precipitMe  in  these 
cases  coraes  under  tlie  K^neral  head  of  mechanical  adsorption.  It 
consists  in  a  concentration  of  the  enzyme  at  the  hniitlng  surface 
between  the  particles  of  tlie  precipitate  and  the  solution. 

Incompleteness  of  their  Adian, — In  any  given  mixture  of  a  sub- 
stance and  its  enzyme  the  action  of  the  latter  is  usually  not  com- 
plete,— that  is,  all  of  the  substance  does  not  disappear.  One  ex- 
planation for  this  fact  has  been  found  in  the  reversibility  of  the 
action  of  the  enzyme.  If  the  reaction  proceeds  in  both  directions, 
then  evidently  under  fixed  conditions  a  final  equilibrium  will  be 
reached  in  which  no  further  apparent  change  takes  place,  although 
in  reality  the  condition  is  not  one  of  rest,  l>ut  of  balance  between 
opposing  processes  proceeding  at  a  definite  rate.  In  addition  to 
this  factor  it  may  be  shown  in  some  cases  that  the  jjrodurts  of  the 
reaction  serve  to  retard  further  action,  possibly  by  forming  a 
compound  of  some  kind  mih  the  enzyme.  Within  the  body  itself, 
on  the  contrary',  the  action  of  an  en2j7ne  may  be  complete,  since 
the  products  are  removed  by  absorption. 

Active  and  Inactive  Form, — In  inauy  cases  it  can  be  shown 
that  the  enzyme  exists  within  the  cell  producing  it  in  an  inactive 
form  or  even  when  secreted  it  may  still  be  inactive.  This 
antecedent  or  inactive  stage  is  usually  designated  as  zymogen 
or  proferment.  The  zymogen  may  be  stored  in  the  cell  in  the 
form  of  granules  which  are  converted  into  active  enzyme  at  the 
moment  of  secretion,  or  it  may  be  secreted  in  inactive  form  and 
require  the  co-operation  of  some  other  substance  before  it  is 
capable  of  effecting  its  normal  reaction.  In  such  cases  the 
second  substance  is  said  to  activate  the  enzyme.  In  connection 
with  the  process  of  activation  various  terms  have  been  employed 
to  designate  the  substance  responsible  for  the  activation.  Accord- 
ing to  a  recent  classification*  it  has  been  suggested  that  inorganic 
substances  causing  activation  shall  be  designated  simply  as  acli- 
vaiora,  while  organic  substances  playing  a  similar  role  shall  be  named 
kinases.  An  example  of  the  latter  is  found  in  the  case  of  the  entero- 
kinase  which  activates  the  trypsin  of  the  pancreatic  secretion. 

Coenzymes  or  Cofermenis. — In  addition  to  the  process  of  ac- 
tivation it  would  seem  that  in  some  cases  the  action  of  an  enzyme 
is  facilitated  by,  or  perhaps  is  even  dependent  upon  the  presence 
of  some  other  substance.  Perhaps  the  best  example  of  this  com- 
bined activity  is  furnished  by  the  influence  of  bile  salts  upon 
lipase  (p.  798).  These  cases  of  coactivity  are  to  be  distinguished 
from  activation  by  the  fact  that  the  combination  may  be  easily 
•  Samuely,  in  "Handbuch  der  Biochemie,"  i.,  1908. 
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on  BiocheniiHtry),  London, 

1908. 
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Oxidases. 

Rerliictafles. 

Catalaae. 
Arginase. 


Lmigs,   liver,   mus- 
cle, etc. 


Caus»e  oxidation  of  organ- 
ic subBtancofl,  a»  in  the 
conversion  of  hypoxan- 
thin  io  xanthin  and  of 
xanthin  to  uric  acid. 

TissupH  generally.  Cati«e  rwhjction  or  deoxi- 

dation  us,  for  example, 
the  reduction  of  oxy- 
hemoglobin to  hemo- 
globin. 

Many  tissues.  Dc<'oni[>08es        hydrogen 

peroxid. 

Liver,  spleen.  SplitB    arginin    with    pn>- 

dnction  of  urea  and 
omithin  (dimnino-vtilo- 
rianic  ucid). 

Chemical    Composition  of   the   Enzymes. — It  was   formerly 

believed  that  the  enzymes  belong  to  the  group  of  proteins.  They 
are  formed  from  living  matter,  and  their  solutions  as  usually 
prepared  give  protein  reactions.  Increased  study,  however,  has 
made  this  belief  uncertain.  The  enzymes  cling  to  the  proteins 
when  precipitated,  and  it  seems  possible  that  the  protein  reac- 
tions of  their  solutions  may  be  due,  therefore,  to  an  incomplete 
purification.  In  fact,  it  is  stated  that  solutions  of  some  of  the 
enzymes  may  he  prepared  which  show  ferment  activity,  but 
give  no  protein  reactions.  In  this  group  may  be  included  the 
lipase,  diastase,  invertase,  pepsin,  oxidase,  and  catalase.  Appar- 
ently, however,  all  enzymes  contain  nitrogen  and  most  of  them 
also  sulphur.  They  probably  also  contain  some  ash,  es[)ecially 
calcium.  Much  of  the  older  work  upon  the  composition  of 
supposedly  purified  preparations  of  enzymes  is  not  accepted 
to-day,  on  the  ground  that  the  evidence  for  the  purity  of  the 
preparations  is  insufficient.  In  spite,  however,  of  the  very  great 
amount  of  attention  that  has  been  paid  to  these  substances  in 
recent  years,  there  is  at  present  no  agreement  as  to  their  chemical 
structure.  Tiie  statement  made  above  that  they  are  organic 
substances,  derived  from  proteins  and  of  a  colloidal  nature,  is 
perhaps  as  much  as  can  be  said  positively  in  regard  to  their 
chemical  structure.  As  a  rule,  they  are  destroyed  by  moderately 
high  temperatures  (80°  C.  or  below),  they  are  not  ea.sily  diffusible 
through  parchment  membranes,  and,  like  the  proteins,  are  ''salted 
out  "  by  certain  concentrations  of  neutral  sah«. 


I 


CHAPTER  XLL 

THE  SALIVARY  GLANDS  AND  THEIR  DIGESIIVE 
ACTION. 

The  first  of  the  secretions  with  which  the  food  comee  into  coQtaet 
is  the  saliva.  This  is  a  mixed  secretion  from  the  large  salivary  glands 
and  the  small  uimamed  mucous  and  serous  glands  that  open  into  the 
mouth  cavity. 

The  Salivary  Glands. — The  salivary  glands  in  man  are  three 
in  number  on  each  side — ^the  parotid,  the  submaxillary,  ud 
the  sublingual.  The  parotid  gland  communicates  with  the  moatb 
by  a  laige  duct  (Stenson's  duct)  which  opens  upon  the  innar 
surface  of  the  cheek  opposite  the  second  molar  tooth  of  the  upptf 
jaw.  The  submaxillary  gland  lies  below  the  lower  jaw,  and  its 
duct  (Wharton's  duct)  opens  into  the  mouth  cavity  at  the  aide  d 
the  f  renum  of  the  tongue.  The  sublingual  gland  Ues  in  the  floor  d  ik 
mouth  to  the  side  of  the  f  renimi  and  opens  iaUf  the  mouth  cavity  by 
a  number  (eight  to  twenty)  of  small  ducts,  known  as  the  ducts  d 
Rivinus.  One  larger  duct  that  runs  parallel  with  the  duct  of  Wha^ 
ton  and  opens  separately  into  the  mouth  cavity  is  sometimes  preeeot 
in  man.  It  is  known  as  the  duct  of  Bartholin  and  occurs  nonn&Uy  k 
the  dog. 

The  course  of  the  nerve  fibers  supplying  the  large  salivary  glandfl 
is  interesting  in  view  of  the  physiological  results  of  their  stimulation. 
The  description  here  given  applies  especially  to  their  arrangement 
in  the  dog.  These  glands  receive  their  nerve  supply  from  two  general 
sources, — namely,  the  bulbar  autonomics  (or  cerebral  fibers)  and 
the  sympathetic  autonomics.  The  parotid  gland  receives  its  bul- 
bar autonomic  fibers  from  the  glossopharyngeal  or  ninth  cranial 
nerve;  they  pass  into  a  branch  of  this  nerve,  known  as  the  tjnnpanic 
branch  or  nerve  of  Jacobson,  thence  to  the  small  superficial  pe- 
trosal nerve,  through  which  they  reach  the  otic  ganglion.  Froni 
this  ganglion  they  pass  (postganglionic  fibers)  by  way  of  the  auricu- 
lotemporal branch  of  the  inferior  maxillary  division  of  the  Mt^ 
cranial  nerve  to  the  parotid  gland  (Fig,  288).  The  sympathetic 
autonomics  pass  to  the  superior  cervical  ganglion  by  way  of  the 
cervical  sympathetic  (Fig.  112),  and  thence  as  postganglionic  fibers 
in  branches  which  accompany  the  arteries  distributed  to  the  gland. 
The  bulbar  autonomic  supply  for  the  submaxillary  and  sublinguw 
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glands  arises  from  the  brain  in  the  facial  nerve  and  passes  out  in  the 
chorda  tympam  branch  (Fig.  280).  This  latter  nerve,  after  emerging 
fiom  the  tympanic  cavity  through  the  Glaaerian  fissure,  joins  the 


\lidhm7lkxUkrt 


F!k>  288.— Sohematic  repn^cntation  of  the  course  of  the  cerebral  fiber*  to  the  parotid  slandi 

lingual  nerve.  After  running  ivith  this  nerve  for  a  short  distance, 
the  secretory  (and  vasodilator)  nerve  fibers  destined  for  the  sub- 
maxiltary  and  sublingual  glands  branch  ofi[  and  pass  to  the  glands, 


Tnf&iofWaxilUry 


Flf.  389. — Bcbematio  reprewntatum  of  the  counv  of  the  chorda  tympani  nerve  to  Uw 

(tubmaxiUary  fcUnd. 

following  the  course  of  the  ducts.  Where  the  chorda  tjTnpani  fil)€r8 
leave  the  lingual  there  is  a  small  ganglion  which  has  received  the 
name  of  submaxillaiy  ganglion.    The  nerve  fibers  to  the  glands 
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pass  close  to  this  ganglion,  hut  I^ngley  has  shown  that  only  than 
destined  for  the  sublingual  gland  really  connect  with  the  nen-e 
cells  of  the  ganglion^  and  he  suggests,  therefore,  that  it  should 
be  calletl  the  sul>liiijfual  iitstead  of  the  submaxillar}-  ganglion.  The 
nerve  fibers  for  the  submaxillary  gland  make  connections  with  nerve 
cells  lying  mainly  \nthin  the  hilus  of  the  glanrl  itself.  The  supply 
of  sympathetic  autonomics  has  the  same  general  course  as  ihtm 
for  the  parotid, — namely,  through  the  cervical  SA'mi>athetir  to  the 
superior  cervical  ganglion  and  thence  to  the  glands. 

Histological  Structure. — Ihe  salivaiy  glands  Ijelong  to  the  type 
of  comfX)und  tulnilar  glands.  That  is,  the  secreting  portions  an 
tubular  in  shape,  although  in  cross-sections  these  tubes  may  pre- 
sent vanoTis  outlines  according  as  the  plane  of  the  section  paam 
through  them.  The  piirotid  is  descril>ed  usually  as  a  typical  aeiDUi 
or  albuminous  gland.  Its  secreting  epithelium  is  cumpoeed  of  (dk 
which  in  the  fresh  condition  as  well  as  in  preserved  specimens  conUua 
numerous  fine  granules  and  its  secretion  contaias  some  albumin. 
The  submaxillar}-  gland  difTers  in  histolog\'  in  different  animik 
In  some,  as  the  ilng  or  cat,  the  secretory  tulw^  are  composed  chipfly 
or  exchisively  of  epithelial  cells  of  the  mucous  type.  In  man  the 
gland  is  of  a  mixed  type,  the  secretory  tubes  containing  both  mucous 
and  albiuninous  cells.  The  subhngual  gland  in  man  also  cont&iQS 
both  varieties  of  cells,  although  the  mucous  cells  predominate.  In 
accordance  with  these  histological  characteristics  it  is  found  that  the 
secretion  from  the  submaxillary  and  sublingual  glands  is  tliick  and 
mucilaginous  as  comparetl  with  that  from  the  parotid. 

The  Balivar>^  glantls  possess  definite  secretor}-  nerves  which  wlien 
stimulated  cause  the  formation  of  a  secretion.  This  fact  indioattt 
that  there  must  be  a  direct  contJict  of  some  kind  between  the  gW 
cells  and  the  terminations  of  the  secretor>'  fibers.  The  ending  of  the 
neiA'e  fibers  in  the  submaxillar)^  and  sublingual  glands  has  been  de- 
scribed by  a  number  of  ol>servers.*  The  accounts  differ  soujewbit  as 
to  details  of  the  finer  anatomy,  but  it  seems  to  be  clearly  estal)iished 
that  the  secretor>*  fibers  fnjm  the  chorda  tympani  end  first  around  tta 
intrinsic  nerve  ganglion  cells  of  the  glands  (pregangliom'c  fibers),  and 
from  these  latter  cells  axons  (postganglionic  fibere)  are  distributiJ 
to  the  secreting  cells,  passing  to  these  cells  along  the  ducts.  The 
ner\'e  fillers  terminate  in  a  plexus  upon  the  membrana  propria  of  tte 
alveoh,  anrl  fram  tliis  plexus  fme  fiiirils  pasR  inward  to  end  on 
between  the  secreting  cells.  It  would  seem  from  these  observat 
that  the  nerve  fibrils  do  not  penetrate  or  fuse  with  the  gland  cell*. 
as  was  fonnerly  supposeil,  but  fonu  a  terminal  network  in  contact 
with  the  cells,  following  thus  the  general  schema  for  the  connection 
between  nerve  fibers  and  peripheral  tissues. 

•  See  Uuber,  "Journal  of  Experimental  Medicine,"  1,  281,  1806- 
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Composition  of  the  Secretion. — The  siiliva  as  it  is  found  in  the 
mouth  is  a  colorless  or  opalescent,  turbid^  and  \nseid  liquid  of 
weakly  alkaline  reaction  to  litmus  paper,  and  a  specific  gravity  of 
about  LOOii.  It  may  contain  nunicrous  fiat  eells  derived  from  the 
epithelium  of  the  moutli,  and  the  peeuHar  s]>hericat  cells  known  as 
salivary  corpuscles,  which  seem  to  be  altered  leucocytes.  The 
important  constituents  of  the  secretion  are  mucin,  a  diastatic  en- 
zyme kiiowu  ai>  ptyalin*  maltase,  traces  of  [iroteiu  and  uf  [)otas*;ium 
sulphocyanid,  and  inorganic  salt8,  such  as  potassium  and  sodium 
chlorid,  potassium  sulphate,  sodium  carbonate,  and  calcium  car- 
bonate and  phosphate.  The  carbonates  are  particularly  abundant 
in  the  saliva,  and  the  secretion  in  addition  contains  mucli  carbon 
dioxid  in  solution.  Thus^  Pfliiger  found  that  05  volumes  per  cent. 
of  CO2  nii^ht  be  obtained  from  the  saliva,  of  which  42.5  per  cent, 
was  in  the  form  of  carbonates.  The  amount  of  CXX  in  solution 
and  combined  is  an  indication  of  the  active  chemical  changes 
occurring  in  the  gland. 

Of  the  orpanic  constituents  of  the  saliva  the  protein  exists  in 
small  and  variable  quantities,  and  its  exact  nature  is  not  deterniinetl. 
The  mucin  gives  to  the  saliva  its  ropy,  mucilaginous  character. 
This  substance  belongs  to  the  group  of  combined  proteins,  glyco- 
proteins fsee  Appendix),  consisting  of  a  protein  combined  with  a 
carbohydrate  group.  The  most  interesting  constituent  of  the  mixed 
saliva  is  the  ptyalin  or  salivar>'  diasta.se.  This  ho(Jy  belongs  to  the 
group  of  enzymes  or  xmorganized  ferments,  whose  general  properties 
have  been  described.  In  some  animals  (dog)  ptyalin  seems  to  be 
normally  absent  from  the  fresh  saliva. 

The  secretions  of  the  parotid  and  tlie  subniaxillar>'  glands  can  be 
obtained  sei)arately  l>y  inserting  a  cannula  into  the  openings  of  the 
ducts  in  the  mouth,  or,  acconling  to  the  method  of  Pawlow,  }>y  trans- 
ferring the  end  of  the  duct  so  that  it  opens  upon  the  skin  instead  of 
in  the  mouth,  making  thtis  a  sidivar>'  fistula.  The  secretion  of  the 
sublingual  can  only  l>e  ol>tMined  in  sufficient  f[uantities  for  analysis 
from  the  lower  animals.  Examination  of  the  separate  secretions 
shows  that  the  main  flifference  lies  iri  the  fact  that  the  parotid  saliva 
contains  no  mucin,  while  that  of  the  submaxillary  and  especially  of 
the  sublingual  gland  is  rich  in  mucin.  The  parotid  saliva  of  man 
seems  to  be  particularly  rich  in  ptyalin  as  compared  with  that  of  the 
submaxillary. 

The  Secretory  Nerves. — The  existence  of  secretor>*  nerves  to  the 
salivary  glaiuLs  was  discovere*!  by  Ludvvig  in  1851.  The  discovery  is 
particularly  interesting  in  tluit  it  marks  the  beginning  of  our  knowl- 
edge of  this  kiml  of  ner%'e  fiber.  Ludwig  found  that  stimulation  of 
the  chonla  tympani  ner\'e  causes  a  flow  of  saliva  from  the  submaxil- 
lary gland.    He  established  also  several  important  facts  with  regard 
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to  the  pressure  and  coaip4*sit  iuu  of  the  secretion  which  will  be  refened 
to  presently.  It  was  afterward  shown  that  the  salivary  glands  rectin 
a  double  nerve  supply, — in  fwirt  by  way  of  the  cervical  sympotbetic 
and  in  part  through  rerehral  nerves.  It  was  discovered  also  lijat 
not  only  are  secretori^  fibers  carried  to  the  glands  by  tbeee  pstis, 
but  that  vasomotor  fiters  are  contained  in  the  same  verms 
and  the  arrangement  of  these  latter  fibers  is  such  that  the  cenhni 
nerves  contain  vasodilator  fil)ers  that  cause  a  dilatation  of  thesnuU 
arteries  in  the  glands  and  an  accelerated  blood-flow,  while  the  sjin- 
pathetic  carries  vasoconstrictor  fibers  whose  stimulation  causes  ft 
constriction  of  the  small  arteries  and  a  diminished  blood-flow.  Ttt 
effect  of  attmulatiag  these  two  sets  of  fibers  is  found  to  vaiy  aomewhit 
in  different  animals.  For  purposes  of  description  wc  may  cobBm 
ourselves  to  the  effects  observed  on  dogs,  since  much  of  otir  fund*- 
mental  knowledge  upon,  the  subject  Ls  derived  from  Heidenhain'a' 
experiments  upon  this  animal.  If  the  chonla  tympani  nerve  » 
stimulated  by  weak  induction  shocks,  the  gland  l)e^ns  to  secrete 
promptly,  and  the  secretion,  by  proper  regulation  of  the  stimulation, 
may  be  kept  up  for  liours.  The  secretion  thus  obtaine<l  is  iMn  and 
watery,  flows  freel}',  is  abundant  in  amount,  and  contains  not  more 
than  1  or  2  per  cent,  of  txjtal  solids.  At  the  same  time  there  is  an 
increased  fi(»w  of  blood  through  the  gland.  The  whole  gland  talw 
on  a  redder  hue,  the  veins  are  distended,  and  if  cut  the  blood  that 
flows  from  them  is  of  a  redder  color  than  in  the  resting  gland,  ami 
may  show  a  distinct  pulse — all  of  which  points  to  a  dilatation  of  the 
small  arteries.  If  now  the  sx-nipathetir  filers  are  st imi da te<l,  quite 
different  results  are  obtained.  The  secretion  is  relatively  small  in 
amount,  flows  slowly,  is  thick  and  turbitl,  and  may  contain  as  much 
as  6  per  cent,  of  total  solids.  At  the  same  time  the  gland  l)60onNa 
pale,  and  if  the  veins  l3e  cut  the  flow  from  them  is  slower  than  to 
the  nesting  gland,  thus  indicating  that  a  vasoconstriction  bM 
occurred. 

The  increased  vascular  supply  to  the  gland  acconjpanying  ^ 
abundant  flow  of  "chorda  saliva''  and  the  diminifibed  flow  of  \Ac^ 
during  the  sttanty  secretion  of  *'  sympathetic  saUva  "  suggest  nalii 
the  itlcii  that  the  whole  process  of  secretion  may  lie,  at  IjottoC*^* 
vasomotor  phenomenon,  the  amount  of  secretion  dei)cn<iing  onl;> 
the  cjuantity  and  pressure  of  the  blood  flowing  thmugh  the 
It  has  been  shown  conclusively  tliat  tliis  idea  is  erroneous  and 
definite  secretor>'  fibers  exist.     The  following  fact*s  may  \ie  qui 
in  sup]x>rt  of  this  statement:  (I)  Ludwig  showetl  that  if  a  m< 
nmnometor  is  connected  with  the  duct  of  the  submaxillary*  g] 
the  chorda  is  then  stimulated  for  a  certain  t ime,  the  pressure  i 

•  "PflQger's   Archiv   fUr  *lio   gpsammtc    PhvHioIocie/*    17,    1,    1878; 
in  Hermann 'a  "Hondbuch  der  Physiologic,"  1883,  vol.  v,  part  i. 
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duct  may  become  greater  than  the  blood-pressure  in  the  gland. 

lliis  fact  shows  that  the  secretion  is  not  derived  entirely  by  processes 
of  fillralujn  from  the  bbod.  (2)  If  the  blood-flow  be  shut  off 
completely  from  the  gland,  stimulation  of  the  cliorda  atill  gives  a 
secretion  for  a  short  time.  (3)  If  atropin  is  iniecled  into  the  gland, 
stimulation  of  the  chorda  causes  xasoular  dilatation^  but  no 
secretion.  This  may  l>e  explained  b}-  supposing  that  the  atropin 
paralyzes  the  secretory,  but  not  the  dilator  fibers.  (4)  Hydro- 
chlorate  of  quinin  injected  into  the  gland  causes  vascular  dilatation, 
but  no  secretion.  In  this  case  the  secretory  fibers  are  still  irritable, 
since  stimulation  of  the  chorda  gives  the  usual  secretion. 

A  still  more  marked  difference  between  the  effect  of  stimulation 
of  the  cerebral  and  the  sympathetic  fibers  may  be  observed  in  the 
case  of  the  parotid  gland  in  the  dog.  Stimulation  of  the  cerebral 
fibers,  in  any  part  of  their  course,  gives  an  abundant,  thin,  and 
watery  saliva,  poor  in  solid  constituents.  Stimulation  of  the  sym- 
pathetic fibere  alone  (provided  the  cerebral  fil>ers  have  not  t)een 
stimulated  shortly  before  and  the  tympanic  nerve  has  been  cut  to 
prevent  a  reflex  effect)  gives  usually  no  perceptible  secretion  at  all. 
But  in  this  last  stimulation  a  marked  effect  is  producetl  upon  the 
gland,  in  spite  of  the  absence  of  a  \'isib]e  secretion.  This  is  shown  by 
the  fact  that  subsequent  or  sinmltaneous  stimulation  of  the  cerebral 
fibers  causes  a  secretion  very  unlike  that  given  bj'  the  cerebral  fibers 
alone,  in  that  it  is  very^  rich  indeed  in  oiganic  constituents*  The 
amount  of  organic  matter  in  the  secretion  may  l>e  tenfold  that  of  the 
saliva  obtained  b>'  stinmlation  of  the  cerebnil  fibers  alone. 

Relation  of  the  Composition  of  the  Secretion  to  the  Straujth  of  Stimur 
lation, — K  the  stimulus  to  the  chorda  is  graduall}'  increased  in 
strength,  care  being  taken  not  to  fatigue  the  gland,  the  chemical 
composition  of  the  secretion  is  found  to  change  with  regard  to  the 
relative  amounts  of  the  water,  the  salts,  and  the  organic  material. 
The  water  and  the  salts  increase  .in  amount  with  the  increased 
strength  of  stimulus  up  to  a  certain  maximal  limit,  which  for  the 
salts  is  about  0.77  per  cent.  It  is  important  to  observe  that  this 
effect  may  be  obtained  from  a  perfectly  fresh  gland  as  well  as  from  a 
gland  which  had  previously  been  secrc-ting  actively,  ^\"ith  regard 
to  the  oi^anic  constituents  the  precise  result  obtained  depends  OD 
the  condition  of  the  gland.  If  previous  to  the  stimulation  the  gland 
was  in  a  resting  condition  and  unfatigued,  then  increased  strength 
of  stimulation  is  followed  at  first  by  a  rise  in  the  percentage  of  organic 
constituents,  and  this  rise  in  the  beginning  is  mora  marked  than  in 
the  case  of  the  salts.  But  with  continued  Btimulation  the  increase 
in  organic  material  soon  ceases,  and  finally  the  amount  begins  actually 
to  diminish,  and  may  fall  to  a  low  point  in  spite  of  the  stronger 
Btimulation.    On  the  other  hand,  if  the  gland  at  the  Ijegiiming  of  the 
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exporimcnt  had  been  previously  worked  to  a  coiisidenible  extent, 
thea  an  increase  in  the  stimulating  current,  while  it  augments  the 
amount  of  water  and  saltSi  either  iiiay  have  no  effect  at  all  upon  the 
OT^iimc  constituents  or  may  cause  only  a  temporan*  increase,  quickly 
followed  by  a  fall.  Similar  results  may  be  obtained  from  stiniuiation 
of  the  cerebral  nerves  of  the  parotid  gland.  The  above  facts  led 
Heitlenliain  to  believe  that  the  conditirjns  detemiining  the  secretion 
of  the  organic  material  are  different  from  those  coatrolling  the  watex 
and  salts,  and  he  gave  a  rational  explanation  of  the  differences 
oliservedj  in  Ids  theorv^  of  trophic  and  secretory  fiijers. 

Theory  of  Trophic  and  Secretory  Nerve  Fibers. — ^This  theory 
supjxises  that  two  physiological  varieties  of  nerve  fibers  are  distrib- 
ute<l  to  the  salivarv^  glands.  One  of  tliese  varieties  contrels  the 
secretion  of  the  water  and  inorganic  salts  and  its  fibers  may  be  called 
secretory  fibers  proper,  while  the  other,  to  which  the  name  trophic 
is  given,  causes  the  formation  of  the  organic  constituents  of  the  secre- 
tion, probably  by  a  direct  influence  on  the  metabolism  of  the  cells. 
Were  the  tropliic  fibers  to  act  alone,  tlie  organic  products  would  be 
formed  \\ithin  the  cell,  but  there  would  be  no  visible  secretion,  and 
this  is  the  hyjxtthesis  which  Heidenliain  uses  lo  explain  the  results  of 
the  experiment  described  above  upon  stimulation  of  the  sympathetic 
fibers  to  the  parotid  of  the  dog.  In  this  animal,  apparently,  the 
sympathetic  branches  to  the  parotid  contain  exclusively  or  almost 
exclusively  trophic  fibers,  while  in  the  cerebral  branches  lx)th  trophic 
and  secretor}'  fibera  proj^er  are  present.  The  results  of  stimulation 
of  the  cerebral  and  sympathetic  branches  to  the  submaxillarv'  gland 
of  the  same  animal  may  be  explained  in  tenna  of  this  theon-  by 
supposing  that  in  the  latter  ner\'e  trophic  fibers  prejx)ndemte,  and 
in  the  former  the  seercton'  fibers  proper. 

It  is  obvious  that  this  anatomical  separation  of  the  two  sets  of 
fibers  along  the  cerebral  and  sympathetic  paths  may  be  open  to 
imiividual  variations,  and  that  dogs  may  l>e  found  in  which  the  s^'ra- 
pathetic  branches  to  the  parotid  glands  contain  secretory'  filers 
I  proper,  and  therefore  give  some  flow  of  secretion  on  stimulation. 
These  variations  might  also  be  expected  to  l^e  more  marked  wheo 
animals  of  different  f^rnups  are  compared.  Tims.  Langloy*  finds 
that  in  cats  the  sym]>athetic  saliva  fnuii  the  submaxillary  gland  is 
less  viscid  than  the  chorda  saliva.^ust  the  reverse  of  what  otrcurs 
in  the  dog.  To  apply  Heidenbain's  theory  to  this  case  it  is  necessary 
to  assume  that  iti  the  cat  the  trophic  fibers  run  chiefly  in  the  chorda. 

The  way  in  which  the  trophic  filwrs  act  has  been  briefly  indicated. 
They  may  be  supposed  to  set  up  metaiwUc  changes  in  the  proto- 
plasm of  the  cells,  leading  to  the  formation  of  certain  definite  prod- 
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ucts,  such  as  muoin  or  ptyMliii.  That  such  chanjces  do  occur  is 
abundantly  shown  by  microscopical  examination  of  the  resting  and 
the  active  ^^land,  the  details  of  which  will  \ye  (jiven  presently. 
That  these  changes  involve  processe.s  of  oxidation  is  shown  by  the 
fact  that  during  activity  the  glanti  takes  up  more  oxygen  and  gives 
off  more  carbf>n  dioxid.  There  is  evidence  to  show  that  these 
ghind  cells  during  activity  form  fn\sh  material  from  the  nourish- 
ment supplied  hy  the  blood;  that  iy,  that  anabolic  or  synthetic 
processes  occur  along  with  the  catabolic  changes.  The  latter  are 
the  more  obvious,  and  are  the  changes  which  are  usually  associated 
with  the  action  of  the  trophic  nerve  fibers. 

The  method  of  action  of  the  .secretory  fibers  proper  is  difficult  to 
understand.  At  pre-sent  the  theories  suggested  are  entirely  specula- 
tive. E«; peri  meats  have  shown  that  the  amount  of  water  given 
off  from  the  blood  during  se<'retion  is  somewhat  greater  than  the 
amount  contained  in  the  saliva,*  and  there  is  ren^son  to  believe  that 
the  difference  between  the  two  is  accounted  for  by  an  increase  in 
the  dow  uf  lymph  from  the  glatnl  iluririg  activity,  A  satisfactory 
explanation  of  the  causes  leading  to  and  controlling  the  flow  of 
water  cannot  yet  be  given.  In  a  general  way  it  has  been  assumed 
that  the  effect  of  the  nerve  impulses  is  to  cause  the  production 
of  substances  within  the  cells  whereby  their  osmotic  pressure 
Is  increased,  and  a  stream  of  water  is  set  up  from  the  blood  in 
the  capillaries  toward  the  gland  cells,  but  it  catuiot  be  said  that 
this  aissumption  ha.s  been  supported  by  the  exi>erlnients  so  far 
made-t  We  must  limit  ourselves  to  the  more  general  statement 
that  the  activity  of  the  cells  themselves  initiates  and  controls 
the  flow  of  water. 

Histological  Changes  During  Activity. — The  cells  of  both  tlie 
albunnnous  and  mucous  glands  undergo  distinct  histological 
changes  in  consequence  of  prolonged  activity^  and  these  changes 
may  )>e  recognised  both  in  preparations  from  the  fresli  gland 
and  in  preserved  specimens.  In  the  parotid  gland  Heidenhain 
studied  the  changes  in  stained  sections  after  hardening  in 
alcohol.  In  the  resting  gland  the  cells  are  compactly  filled 
with  granules  that  stain  readily  and  are  imbedded  in  a  clear 
ground  substance  that  iloes  not  stain.  The  nucleus  is  small  and 
more  or  less  irregular  in  outline.  After  stimulation  of  the 
tympanic  nerve  the  cells  show  but  little  alteration,  but  stimula- 
tion of  the  sympathetic  produces  a  marked  change.  The  cells 
become  smaller,  the  nuclei  more  rounded,  and  the  granules  more 
closely   packed.     This  last  appearance  seems,   however,  to  be 

•  B.^rcroft,  "Journal  of  Phyfliolo«y,"  19«),  2.5,  479. 
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due  to  the  hardening  reagents  used.  A  truer  picture  of  what  occun 
may  be  obtained  from  a  study  of  sections  of  the  fresh  gland.  Lang- 
te}-.*  who  first  used  this  method,  describes  his  results  as  follows: 
When  the  animal  is  in  a  fasting  condition  the  cells  have  a  granular 
appearance  throughout  their  substance,  the  outlines  of  the  different 
cells  being  faintly  marked  by  light  lines  (Fig.  290,  A).  When  the 
i^and  e  made  to  secrete  by  giving  the  aziimal  food,  by  injecting 
pilocarpin.  or  by  stimulating  the  s>"mpathetic  nerves,  the  ennuJei 
begin  to  t.lisappear  from  the  outer  borders  of  the  cells  .,Fig.  290,  B}, 
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201. — Mucous  gland:  submudlUry  of  dog;  rest* 


water  and  the  salts.  In  the  first  place,  the  zymogen  granules  undergo 
a  change  such  that  they  are  forced  or  dissolved  out  of  the  cell,  and, 
second,  a  constructive  metabolism  or  anabolism  is  set  up,  leading  to 
the  formation  of  new  pro- 
toplasmic material  from 
the  sul3Stances  t-ontained 
in  the  blood  and  lymph. 
The  new  mtilerial  thus 
formed  is  the  clear,  non- 
granular substance, 
which  appears  first 
toward  the  basal  sides  of 
the  cells.  We  may  sup- 
pose that  the  clear  sub- 
stance during  the  resting 
I>eriods  undergoes  meta- 
bolic changes,  whether  of 
a  catabolic  or  anabolic 
character  can  not  be 
safely  asserted,  leading  to  the  formation  of  new  granules,  and  the 
cells  are  again  I'eady  to  form  a  secretion  of  normal  composition. 
It  should  be  lx>rne  in  mind  that  in  these  ex]>eriments  the  glands 
were  stimulated  l)eyond  normal  limits.  Under  ordinary  conditions 
the  cells  are  probably  never  depleted  of  their  granular  material  to 
the  extent  Fepresented  in  the  figures. 

In  the  cells  of  the  mucouK  glands  changes  equally  marked  may 
be  observed  after  prolonged  activity.     In  stained  sections  of  the 

resting  gland  the  cells  are 
large  and  clear  (Fig.  201), 
with  flattened  nuclei 
placed  well  toward  the 
base  of  the  coll.  When 
the  gland  is  made  to  se- 
crete the  nuclei  become 
more  spherical  and  lie 
more  toward  the  middle 
of  the  cell,  and  the  cc^lls 
themselves  become  ilis- 
tinctly  smaller.  After 
prolonged  secretion  the 
{'hangcs  become  more 
marked  (Fig.  292)  and.  according  to  Heidcnhain,  some  of  the 
mucous  cells  may  break  tlown  completely.  According  to  most 
of  the  later  observers,  however,  the  mucous  cells  do  not  actually 
disintegrate,  but  form  again  new  material  during  the  period  of 


Fig.  292. — MurouA  inland:  mibmATillary  of 
doc  after  eight  hours'  stunulalioD  of  tha  chorda 
tympuiL 
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rest,  as  in  the  ca^sc  of  the  goblet  cells  of  the  intastine.  In  tk 
mucous  as  in  the  albuminous  cells  observations  upon  pieces  uf 
the  fresh  gland  seem  to  give  more  reliable  results  than  those  upon 
preserved  specimens.  Langley*  has  shown  that  in  the  fpft*h 
mucous  cpUj*  of  the  submaxillary  gland  numerous  largn*  gnuiiilw 
may  be  discovered,  about  125  to  250  to  a  cell.  These  granub 
are  comparable  to  those  founil  in  the  goblet  cells,  and  m»y  if 
interpreted  as  consisting  of  mucin  or  some  preparator>'  mat^nal 
from  which  mucin  is  formed.  The  granules  are  sensitive  14)1*- 
iigents;  addition  of  water  causes  Ihem  to  swell  up  and  disjipprar. 
It  may  be  assumed  that  this  liappcns  during  secretion,  the  (traa- 
ulcs  becoming  converted  to  a  mucin  mass  which  is  extruded  {rm 
the  cell. 

Action  of  Atropin,  Pilocarpin,  and  Nicotin  upon  tfaeSec^^ 
tory  NerveSt — The  action  of  <lrug8  upon  the  salivar>'  glands  &iul 
their  secretiona  belongs  properly  to  pharmacologj',  but  the  cffecti 
of  the  thi-eo  drugs  mentioned  are  so  decided  that  the}'  have  t 
jjeculiar  physiological  interest.  Atropin  in  small  doses  injectwl 
either  into  the  blood  or  into  the  gland  duct  prevents  the  action  d 
the  cerebral  autunoirdc  fibers  (tyiupanic  ner^'e  or  chorda  tjiupani) 
upon  the  glands.  This  effect  may  be  explained  by  assuming  thai 
clic  atro]>in  paralyzes  the  endings  of  the  cerebral  fibers  in  the  glaixk 
Tliat  it  does  not  act  tbrectly  upon  the  gland  cells  themselves  stusn 
to  be  assured  by  the  interesting  fact  that,  with  doses  sufhdent  to 
throw  out  entirely  the  secreting  action  of  the  cerebral  fil^en,  the 
sympathetic  fil>ers  are  still  effective  when  stimulated.  PUocarpin 
lias  tlircctly  the  opposite  effect  to  atropin.  In  minimal  doees  it 
e^ets  up  a  continuous  secretion  of  saliva,  v\  liich  may  be  explained  upoo 
the  eupjxisition  that  it  stimulates  the  endings  of  the  secretor}'  fiben 
in  dic  gland.  \\'ithin  certain  limits  these  drugs  antagonize  each 
other, — that  is,  the  effect  of  jjilocarpin  may  be  removeil  by  the  sub- 
seciueat  application  of  atmpiu,,  and  vice  versa,  Nicotin,  according 
'o  the  experiments  of  Lan<:;ley,t  prevents  the  action  of  the  secrciory 
nen'es,  not  by  affecting  the  ghind  cells  or  the  endings  of  the  nme 
tibers  around  theni,  but  by  ]:)iinilyzing  the  connections  bet^-eenthe 
nerve  fil)ers  and  the  ganglion  cells  tlirough  which  the  fil)ere  paai ao 
their  way  to  the  gland, — that  is,  the  connection  l^tween  the  pi^ 
ganglionic  and  ix>6tganglionic  fibers.  If,  for  example,  the  supciw 
cer\ical  ganglion  is  i^ainted  with  a  solution  of  nicotin,  stimulfttioo 
of  the  cenical  sympathetic  below  the  gJand  gives  no  secretion;  stin^* 
ulution,  however,  of  the  fibers  in  the  ganghon  or  between  theganglioo 
and  gland  gives  the  ustial  effect.  By  the  use  of  this  drug  LangleyB 
led  to  believe  that  the  cells  of  the  soH-alle*!  submaxillar>*  ganglia'' 
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are  really  intercalated  in  the  course  of  the  fibers  to  the  sublinguai 
gland,  wMle  the  nerv^e  cells  with  whinh  the  submaxillar^'  fibers  make 
connection  are  found  chiefly  in  the  hilus  of  the  gland  itself. 

Paralytic  Secretion. — A  remarkable  phenomenon  in  connection 
with  the  salivary  glands  is  the  stvcalled  paralytic  secretion.  It  has 
been  known  for  a  long  time  that  if  the  chorda  t3'nipani  is  cut  the 
siibma?dllan-  gland  after  a  certain  time,  one  to  three  days,  l>egiiis  to 
secrete  slowly,  and  the  secretion  continues  unintemiptedly  for  a  long 
period — as  long,  jjerhai>s,  as  several  weeks — and  eventually  the  gland 
itself  undergoes  atrophy.  Langle>'  states  that  section  of  the  chorda 
on  one  side  is  followed  by  a  continuous  secretion  from  the  glands 
on  both  sides;  the  secretion  from  the  gland  of  the  opposite  side  he 
deagnates  as  the  antiparalytlc  or  antilytic  secretion.  After  section 
of  the  chorda  the  nen^e  fillers  peripheral  to  the  section  degenerate, 
the  process  being  completed  within  a  few  days.  These  fil>ers,  how- 
pver,  do  not  run  directly  in  the  j^laml  cell;  they  terminate  in 
.sjTiapses  firomid  syinjntthetic  nerve  cells  placed  somewliere  rilong 
their  course. — in  the  sul>lingual  ganglion,  for  instance,  or  within  the 
gland  subsUtiice  itself.  It  is  the  a^xoiis  fnmi  thewe  setMmd  ucn^e  units 
that  end  around  the  secreting  cells.  I^ugley  has  accumulateil  some 
facts  to  show  that  within  the  jjeriod  of  continuance  of  the  paralytic 
secretion  (five  to  six  weeks)  the  fibers  of  the  sympathetic  cells  are 
still  irritable  to  stimulation.  He  Ls  inclined  to  believe,  tlierefore,  that 
the  continuous  secretion  is  dwe  to  a  continuous  excitation,  from  some 
cause,  of  the  local  nervous  mechanism  in  the  gland.  A  natural 
extension  of  this  view  which  ha^  been  suggestetl  (Pawlow)  is 
that  normally  the  activity  of  the  sympathetic  cells  or  of  the 
secreting  ceils  is  kept  in  check  by  inhibitory  fillers.  After  section 
of  the  chorda  the  action  of  these  fibers  falls  out  and  the  secre- 
tion continues  until  the  glandular  tissue  unriergoes  atrophy. 

Normal  Mechanism  of  Salivary  Secretion. — Under  normal  con- 
ditions the  flow  of  saliva  from  the  salivary  glands  is  the  result  of 
a  reflex  stimulation  uf  the  secretory  nerves.  The  sensory  fibers 
concerned  in  this  reflex  must  be  chiefly  fibers  of  the  glossopharyn- 
geal and  lingual  nerves  supplying  the  mouth  and  tongue.  fc>apid 
bodies  and  various  other  chemical  or  mechanical  stimuli  applieil 
to  the  tongue  or  mucous  membrane  of  the  mouth  produce  a 
How  of  saliva.  The  normal  flow  during  mastication  must 
be  effecte<i  by  a  reflex  of  this  kind,  the  sensory  im- 
pulse being  carrieil  to  a  center  and  thence  transmitted  through 
the  efferent  nerves  to  the  glands.  It  is  found  that  section 
of  the  chorda  prevents  the  reflex^  in  spite  of  the  fact  that  the 
sympathetic  fibers  are  still  intact.  No  satisfactory  explanation 
of  the  normal  functions  of  the  secretory  filers  in  the  s}^mpathetic 
has  yet  been  given.     Various  authors  have  suggested  that  jXKSsihly 
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the  three  large  sfilivarj'  glands  respond  normally  to  different  stimuli. 
This  view  has  been  supported  by  Pawlow,  who  reports  tbl  In 
the  dog  at  least  the  parotid  and  the  submaxillary  may  react  quite 
differently.  When  fistiihis  were  made  of  the  ducts  of  these  glands  ii 
was  found  that  the  submaxillary  responded  readily  to  a  great  nuro* 
her  of  stimuli,  such  as  the  sight  of  food,  chewing  of  meats,  acids^eU. 
The  parotid*  on  the  contraiy,  seemed  to  react  only  when  dirfood, 
dry  powdered  meat,  or  bread  was  placed  in  the  mouth.  DryneBin 
this  case  appeared  to  be  the  efficient  ^ti^mlus. 

Pawlow  lays  great  stress  upon  the  adaptability  of  tlie  :seoretion  of  aalin 
to  the  character  of  the  material  clievved.  Drj',  solid  foo<l  stimuIateK  a  Ur^ 
flow  of  suUva,  such  as  is  iie<*es.sary  in  order  to  rhew  it  prof»erIy  and  to  fom  i( 
into  a  U»hi>  ft>r  .swullowing.  FwxU  roritainitig  much  water,  on  the  cmtnrj, 
excite  but  little  flow  of  saliva.  If  one  places  a  handful  of  clean  stoo*  n 
tlie  jnouth  of  a  liop;  he  will  move  them  around  with  his  tonpie  for  &  whilt 
aiuJ  then  drop  them  from  his  mourh;  hut  little  or  no  saliva  is  *«Tei«l 
If  the  same  material  is  tx^ven  in  the  form  of  fine  sand  a  rich  flow  of  sali^i 
is  prodvR-etl,  and  the  necessity  for  the  rellex  is  evident  in  thU  rate,  ami 
otherwise  the  material  covdd  not  l»e  conveniently  remove<i  from  the  acntk. 
Such  atJaptations  must  1)0  regarded  from  the  physiolofncal  point  of  nw 
&s  special  reflexes  depending  upon  Kome  difference  in  the  ner\ou»  incchuuna 
eet  into  play,* 

Since  the  flow  of  saliva  is  normally  a  definite  reflex,  we  abouM 
expect  a  distinct  saUvarj-  secretion  center.  This  center  haa  been 
located  hy  physiological  experiments  in  the  medulla  oblongata,  b 
the  formatio  reticularis  lateral  to  the  facial  nucleus.  The  wperi- 
mentst  t:ou.sist.od  in  dividing  the  chorda  and  the  ncrvnjs  Ij-mpiuh 
icus  and,  aft-er  a  suitable  interval,  examining  sections  of  the  medulla 
for  the  appearance  of  degenerative  <*hanges  (chroraatolysis.  p.  128). 
Owing  to  the  wide  connections  of  nerve  cells  in  the  central  nprvoui 
system,  we  should  expect  this  center  to  be  affected  by  stimuli  from 
various  sources.  As  a  matter  of  fact,  it  is  known  that  the  (rnwr 
and  through  it  the  glands  may  be  called  into  activity  by  stimulit- 
tion  of  the  sensorj'  fibei^s  of  the  sciatic,  splanchnic,  and  particularly 
the  vagus  nerves.  So,  too,  various  psychical  acts,  stich  as  the 
thiiught  of  savor>'  food  and  the  feeling  of  nausea  preceding  vomit- 
ing, may  be  accompanietl  by  a  flow  of  saliva,  the  effect  iu  ihi?ca.* 
being  due  probably  to  stimulation  of  the  secretion  center  by  ner- 
vous impulses  descending  from  the  higher  nerve  centers.  LA.-'tly. 
the  medullary  center  may  he  inhibited  as  well  as  stimulated.  The 
well-krutwn  effect  of  fear,  ejulmrra>tsment,  or  anxiety  in  pnKlucinii 
a  parched  throat  may  V>e  explained  in  this  way  as  due  to  the  inhi^**- 
orj'  action  of  nerve  impulses  arising  in  the  cerebral  centers. 

•See  Pawlow,    "The  Work  of  the  Digestive  GUnda,"   tnuiJ>Utioa  l'> 

Thompson.  London.  1902;  also  "Erpcbnisse  ficr  Physiotope."  vol  iii-  p*^*  '• 
1904,  and  "Arrhivt's  intcmati^miiles  de  phyniolo^ie."  I.  119,  1904 
t  Yagita  and  Hayama,  "Neurologischca  Centralblatt,"  73S,  190B. 
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Electrical  Changes  in  the  Gland  during  Activity. — It  has  been 

shown  that  the  salivan'  as  well  as  other  glands  suffer  certain  changes 
in  electrical  potential  during  activity  which  are  coiiiparai:)Ie  in  a  gen- 
eral way  to  the  "action  currents'*  obsen^cd  in  niuacles  and  ner^'e8.* 
The  Digestive  Action  of  Saliva — Ptyalin. — The  digestive  action 
prope-T  of  the  saliva  is  limited  to  the  starchy  food.  In  human 
beings  and  most  mammals  the  saliva  contains  an  active  enzyme 
belonging  to  the  group  of  diastases  and  designated  usually  as  ptyalin 
or  salivary  diastase.  It  may  be  prejjared  in  purified  fonn  from  saliva 
by  precipitation  with  alcohol,  but  its  chemical  nature,  like  tliat  of  the 
other  enzymes,  is  still  an  unsolved  problem.  Saliva  or  preparations 
of  ptyalin  act  readily  upon  Ixfiled  starch,  converting  it  into  sugar 
and  dextrin.  This  action  may  be  demonstrated  ver>'  readily  by 
holding  a  little  starch  paste  or  starch^^  food,  such  as  boiled  potatoes, 
in  the  mouth  for  a  few  moments.  If  the  solution  is  then  examined  the 
presence  of  sugar  is  readily  sIiowti  by  its  reducing  action  on  solutions 
of  copjier  sulphate  (Fehling's  solution).  There  is  no  doubt  that  the 
action  of  ptyalin  upon  the  starch  is  liydrol,vtic.  Under  the  influence 
of  the  enzyme  the  starch  molecules  take  up  water  and  undergo 
cleavage  into  simpler  molecules.  The  steps  in  the  j>rocess  and  the 
final  products  have  been  investigated  by  a  very  large  nmnl>er  of 
workers,  but  nuieh  yet  remains  in  doubt.  The  following  jjoints 
seem  to  be  determined:  The  end-result  of  the  reaction  is  the 
formation  of  maltose,  a  disaccharid,  having  the  general  formula 
CijHnOn,  and  some  form  of  dextrin,  a  non-crystallizable  fwly- 
saccharid.  Wlien  the  digestion  is  effected  in  a  vessel  some  dextrose 
(CgHyO^)  may  be  found  among  the  jjmducts,  but  this  is  explained  on 
the  assumption  tliat  there  is  present  m  the  saliva  some  maltase,  an 
enzyme  capable  of  splitting  maltose  into  dextrose.  So  far  as  the 
ptrv'alin  itself  is  concerned,  its  specific  action  is  to  convert  starch  to 
maltose  and  dextrin.  It  seems  very  certain,  however,  that  a  number 
of  internu'diato  products  arc  formed  consisting  of  a  variety  of  dex- 
trins,  so  that  the  hydrol\-sis  probably  takes  place  in  successive 
stages.  There  is  little  agreement  as  to  the  exact  nature  of  the  in- 
termediate dextrins.  The  following  facts,  however,  may  he  easily 
demonstrateil  in  a  salivarv  iligestion  carrieil  on  in  a  vessel  and  ex- 
amined from  time  to  time.  The  starch  at  first  ^ves  its  deep-blue 
reaction  ^^-ith  iodin ;  later,  instead  of  a  blue,  a  red  reaction  is  obtained 
with  iodin,  and  this  has  been  attributetl  to  a  special  form  of  dextrin, 
er>-throdextrin,  so  named  on  account  of  its  red  reaction.  Still  later 
this  reaction  fails  and  chemical  examination  shows  the  presence  of 
maltose  and  a  fonti  of  dextrin  wliich  gives  no  color  reaction  -with 
iodin  and  is  therefore  named  aclmjodextrin.     Wliile  the  number 

♦See  liieiieriiittmi,  "  Electro-pliyaiologj',"  traublalion  by  Welby,  Loiuloii, 
1896. 
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of  intermediate  pro{!uets  may  he  largt',  the  inain  result  of  the  action 
of  tlie  ptyaliii  is  expresssed  by  the  following  siraple  schema; 

The  products  forme.t!  in  this  reaction  arc  probably  not  absorbed  as 
such.  The  absorption  takes  plare  mainly  no  doubt  after  the  food 
reaches  the  sntall  intestine,  and  we  have  eviilenee,  as  will  be  stat<»d, 
that  before  absorption  the  inult<.tse  is  a<^ted  upon  by  the  inverting 
enzymes  (nmltase)  and  converted  into  the  simple  sugar,  dex- 
trose. The  ptyalin  digestion  seems,  therefore,  to  be  prei^ara- 
tory,  and  the  combined  action  of  ptyalin  and  rnaltase  is  neccssjiry 
to  get  the  starch  into  a  condition  ready  for  nutrition.  Under 
the  influence  of  these  two  enzymes,  the  complex  starch  molecule, 
consisting  of  a  number  of  CeHioOs  groups^  is  broken  down  into  its 
constituent  elements  or  buiidinp  stones,  that  is  to  say,  to  the 
simple  sugars  of  the  fonnula  C'eHtjOo.  The  simple  sugars  or  mono- 
saccharid.s(CflHi20ft),  the  double  sugars  or  disaccharids  iCuHhOu), 
and  the  dextrins,  starches,  and  cellulose  or  polysaccharids,  with 
the  general  fomaula  (C6Hio06)n,  constitute  a  series  of  increasing 
complexity  as  regards  the  size  of  the  niolecnle.  By  hydrolysis, 
with  enz>TBes  or  with  acids,  the  polysaecharids  are  hydrated  and 
split  to  form  the  simpler  memlx^rs  of  the  series,  while  on  the  other 
hand,  in  the  living  organism  the  simple  sugars  may  Ix'  sviilhesized 
by  combining  two  or  more  of  the  groups  with  dehydration  to  form 
the  higher-  polysaecharids,  the  nnirnal  and  vegetable  starches. 
A  question  of  practical  importance  is  as  to  how  far  saljvary  diges- 
tion affects  the  starchy  foods  under  usual  circumstances.  The 
chewing  process  in  the  mouth  thoroughly  mixes  the  food  and 
saliva,  or  should  do  so,  but  the  bolus  is  swallowed  nftich  too  quickly 
to  enable  the  enzyme  to  complete  its  action.  In  the  stomach 
the  gastric  juice  is  sufficiently  acid  to  destroy  the  ptyalin,  and  it 
was  therefore  supposed  formerly  that  salivar>^  digestion  is  promptly 
arrested  on  the  entrance  of  the  food  into  the  stomach,  and  is 
normally  of  but  little  value  as  a  digestive  process.  Our  recent 
increase  in  knowledge  regarding  the  r-oiulitions  in  the  stomach 
(p.  722)  shows,  on  the  contrary*,  that  some  of  the  food  in  an  ordi- 
narj'  meal  may  remain  in  the  futulic  end  of  the  stomach  for  an  hour 
or  more  untouched  by  the  acid  secretion.  There  is  every  reason  to 
l)elieve,  therefore,  that  salivar>'  digestion  may  be  carried  on  in  the 
stomach  to  an  important  extent. 

Conditions  Influencing  the  Action  of  Ptyalin, —  Temperature. 
— As  in  the  cji.se  of  the  other  enzyraes,  ptyalin  is  ver>'  susceptible  to 
changes  of  temperature.  At  0°  C.  its  activity  is  said  to  be  suspende*! 
entirely.     The  intensity  of  its  action  increases  with  increase  of 
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temperature  from  this  point,  and  reaches  its  maximum  at  a!)OUt 
40®  C.  If  the  tempejature  is  raised  much  be>'ond  this  point,  the 
action  decreases,  and  at  fixnn  65°  to  70*^  C.  the  enzj-me  is  destroyed. 
In  these  latter  points  ptyalin  differs  from  diastase,  the  enziiiie  of 
malt.  Diastase  shows  a  maximuni  action  at  50°  C\  and  is  destroyed 
atSO^C. 

Ejfect  of  ReOiCiion,— The  normal  reaction  of  saliva  is  slightly 
alkaline  to  litmus.  Chittenden  has  shown^  however,  that  ptyalin 
acts  as  well,  or  even  better,  in  a  perfectly  neutral  medium.  A 
strong  alkaline  reaction  retards  or  prevent-s  its  action.  The  most 
marked  influence  is  exerted  by  acids.  Free  hydrochloric  acid 
to  the  extent  of  only  0.003  \n*r  cent.  (Chittenden)  is  sufficient 
to  practically  stop  the  amylolytic  action  of  the  enzyme,  and  a 
slight  further  increase  in  acidity  not  only  stops  the  action,  but  also 
destroys  the  enzyme. 

Condition  of  Oie  Starch, — It  is  a  well-known  fact  that  the  conver- 
sion of  stan'h  to  sugar  by  enzymes  takes  place  much  more  rapidly 
with  cooked  starch — for  example,  starch  paste.  In  the  latter  ma- 
terial sugar  be^ns  to  appear  in  a  few  minutes,  pro%ided  a  good 
en2>7ne  solution  is  used.  With  starch  in  a  raw  condition,  on  the 
contrary,  it  may  be  many  minutes,  or  even  several  hours,  before 
sugar  can  be  detected.  The  longer  time  required  for  raw^  starch  is 
partly  explainetl  by  the  fact  tliat  the  starcli  grains  are  surrounded 
by  a  layer  of  cellulose  or  cellulose-like  material  that  resists  the  action 
of  ptyalin.  When  boiled,  this  layer  breaks  and  the  starch  in  the 
interior  l>ecomes  exposed.  In  addition,  the  stiirch  itself  is  changed 
during  the  boiling;  it  takes  up  water, and  in  this  hydrated  condition 
is  acted  upoji  more  rapidly  by  the  ptyalin.  The  practical  value  of 
cooking  vegetable  foods  is  e\ident  from  these  stat-ements. 

Functions  of  the  Saliva,— In  addition  to  the  digestive  action  of 
the  saliva  on  starchy  foods  it  fulfills  other  important  functions.  By 
moistening  the  food  it  enables  us  to  reduce  the  material  to  a  consis- 
tency suit-able  for  swallowing  and  for  manipulation  by  the  tongue  and 
other  muscles.  Moreover,  the  pi^eaeuce  of  mucin  serves  doubtless 
as  a  kind  of  lubricator  that  insures  a  smooth  passage  along  the 
esophageal  canal.  Finally  by  dissolving  dry  and  solid  food  it  pro- 
vides a  nece&sary  step  in  the  process  of  stimulating  the  taste  nerves, 
and,  as  is  described  below,  the  activity  of  the  taste  sensations  may 
play  an  important  part  in  the  secretion  of  the  gastric  juice. 


CHAPTER  XLH. 


DIGESTION  AND  ABSORPTION  IN  THE  STOHACH. 

The  muscular  mechanisms  l>y  means  of  which  the  stomach 
oharged  with  food  and  in  turn  discharged,  small  portions  at  a 
into  the  duodenum  have  Inmn  described.    The  present  eliaptcr 
only  with  the  ehemioal  and  mechanical  changes  in  the  food  di 
itfl  stay  in  the  stomach  and  the  extent  to  which  the  producta 
digestion  are  abKorbed. 

The  Gastric  Glands. — The  tubular  glands  that  permeate  the 
mucous  membrane  of  the  stomach  throughout  its  entire  extent  differ 
in  their  histological  structure,  and  therefore  doubtless  in  their  aecrt- 
lion,  in  different  jmrte  of  tlie  stomach.     Two,  sometimes  three,  lands 
of  glands  are  distinguished, — the   pyloric,  fundic   (and  CArdiac). 
Those  in  the  pyloric  part  of  the  stomach  (antrum  pylori)  are  ch»^ 
aaterized  chiefly  by  the  fact  that  in  the  secreting  part  of  the  tubuk 
only  one  type  of  gland  cell  is  found,  the  chief  or  peptic  cell,  wlukia 
the  remainder  of  the  stomach,  but  particularly  in  the  middle  of 
prepyloric  r^on  the  glands  (fundic  glands)  are  distinguished  by  the 
presence  of  two  types  of  cells, — the  chief  or  central  cells  and  the 
so-called  parietal  or  l>order  cells  (Fig.  293).     The  thin!  type,  the 
cardiac  glands,  is  fouml  around  the  cardia,  but  its  area  of  distribu- 
tion varies  in  difTt'^rent  animals,  and  its  histological  charact^risticR 
are  not  very  definite,*    There  seems  to  be  a  general  agreement  that 
the  central  cells  furnish  the  digestive  enzymes  of  tha  stomach- 
pepsin  and  rennin — ami  the  parietal  cells  the  hydrochloric  acid. 
From  a  physiological  stimtlpoint  it  is  important  to  remember  that 
the  parietal  cells  are  massed,  as  it  were,  in  the  glands  of  the  middle 
or  prepyloric  region  of  the  stomach,  that  they  are  scanty  in  the 
fundus,  and  absent  in  the  pyloric  region.     This  fact  is  indicated 
to  the  eye  by  the  deeper  red  or  brownish  color  of  the  murou=* 
membrane  in  the  prepyloric  portion.     Grutznert  called  e«pecia/ 
attention  to  this  relation,  and  in  connection  with  the  difTerenee^ 
in  movements  of  these  two  parts  of  the  stomach  he  suggests  thai 
nonnally  the  bulk  of  the  food  toward  the  fundus  becomes  impreg- 
nated first  mih  pepsin;  then,  as  it  is  slowly  moved  into  the  pl^^• 
pyloric  region,  the  acid  constituent  is  added.     The  pyloric  glaods 
are  said   (Heidenhain)   to  secrete  an  alkaline  liquid  containing 
pepsin,  and,  acoortling  to  Edkins  and  Starling,  they  form  a  sub- 
stance which  is  capable  of  acting  as  a  chemical  excitant  to 

•See  Haane,  "Archiv  f.  Anatomie,"  1905,  1. 

fGrtitSDer,  ''Archiv  f.  die  gesammte  Physiotogie,'*  106,  463,  1905. 
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glands  secreting  the  gastric  juice  (gastric  secretin  or  gastric  hor- 
mone).* 

Histological  Changes  in  the  Gastric  Glands  during  Secretion. — 
The  cells  of  the  giistric  glands,  especially  the  so-called  central  cells, 
show  distinct  changes  as  the  result  of  prolonged  activity.  Upon 
preserved  specimens,  taken  from  clogs  fed  at  intervals  of  twenty- 
four  hours,  Heidenlmin  foutul  that  in  the  ffisting  condition  the 
central  cells  were  large  and  clear,  that  during  the  first  six  hours  of 
digestion  the  central  cells  as  well  as  the  border  cells  increased  in 


Fl^  2fi3^-<BaitdB  of  the  fundus  (dog):  A  and  A^,  during  hunxer.  rf«tlii«  oonditioo; 
fi,  dunag  tlie  first  atage  of  iIiicmUud  ;  C  aod  D,  the  aecund  st&ice  ol  diKeeUon.  showing 
the  diminution  in  the  sise  of  tho  "chief''  vr  central  ccIJa.— (After  Htidetihain.) 

size,  hut  that  in  a  second  period,  extending  from  the  sLxth  to  the 
fifteenth  hour,  the  central  cells  became  gradually  smaller,  while 
the  parietal  cells  remained  large  or  even  increased  in  size.  After 
the  fifteenth  hour  the  central  cells  increased  in  size,  gradually 
passing  back  to  the  fastiuK  conilition  (see  Fig.  293). 

Langleyt  has  3uccee<led  in  following  the  changes  in  a  more  satis- 
factory way  by  observations  made  directly  upon  the  living  gland, 

•See  Starling,  "Physiology  of  Secretion,"  ChicAgq,  1906,  and  Edkius, 
"Journal  of  Phvaiology.     1906,  xxxiv.,  133. 

t  "Jouraai  of  Physiolog\',"  3,  269,  18S0. 
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Ho  finds  tliiit  the  central  pells  in  the  fasting  stage  are  ehargefl  with 
granuips,  and  that  iJuriug  digestion  the  granules  are  dis.soIve<l,  dis- 
appearing first  from  the  base  of  the  cell,  which  then  beeomes  filled 
with  a  non-granular  material.  01Jser\'atioDS  similar  to  those  made 
upon  other  glands  demonstrate  that  these  granules  represent  in  ail 
probability-  a  preliminary-  material  from  which  the  gastric  enzAinea 
are  made  during  the  act  of  secretion.  The  granules,  therefore^  are 
sometimes  de.scril)ed  as  zymogen  granules. 

Means  of  Obtainiiig  the  Gastric  Secretion  and  its  Normal 
Composition, —  Tfie  secretion  of  the  gastric  memlirane  is  formed  in 
the  minute  tubular  glands  scattered  over  itp  surface.  As  there  Ls  no 
common  duct,  the  difficulty  of  obtaining  the  t>ecrction  for  analysis 
or  experiment  is  considerable.  This  difficulty  has  been  overcome 
at  different  times  by  the  invention  of  special  methods. 

The  older  methods  uaed  for  olvtaining  nonnal  gastric  juice  were 
ver}'  unsatisfactory.  An  animal  was  made  to  swallow  a  clean 
sponge  to  which  a  string  was  attached  so  that  the  sponge  coidd 
afteru'ard  be  removed  and  its  contents  be  s<:|ueezed  out;  or  it  was 
made  to  eat  some  imligestible  material,  to  start  the  secretion  of 
juice;  the  animal  wa.s  then  killed  at  the  proper  time  and  the  con- 
tents of  its  stomach  were  collected. 

The  experiment^*  of  the  olHer  oUsen-er^  on  gastric  HiRestion,  especially 
those  of  the  Abl>e  Si>ullaiij;um  (1729-1791>),  funiLsli  most  uiieresting  readiao;. 
Spallanzani,  not  content  with  making  ex|»erinierits  on  numeroas  animals 
(Frogs,  binln,  mannnaK  etc)  had  the  courage  to  carry  out  a  grCAt  many 
upon  hiriLself,  HeswiiUt>we<l  foods  of  various  Iciml^  and  in  various  conditions 
sewed  in  lin*^n  hags  or  inclosoil  in  |>erfoni(.«l  wrnvtlen  tulies  which  m  turn 
were  covered  with  linen.  The  bags  anil  tul>eM  wore  sulx^cquently  pa«ed 
in  tlve  stoob  and  were  examined  as  to  the  aniuvird  and  nature  of  their  cont^iita. 
He  neeins  to  have  exnerienred  no  injury'  from  hm  ex[jeriments.  althou^ 
normally  liid  powers  of  *ligestion  were  quite  feeble.  .\ri  proof  that  the  tnt- 
urating  power  of  the  stoniai-h  is  not  ver>'  treat  he  calk  attention  to  the  fact 
that  Hotne  of  tlio  wtHnien  tul:(ea  were  nmoe  very  thin,  so  that  the  slightest 

f)rassur«  would  crush  thern,  and  yet  they  were  voided  uninjured.  So  aUo 
le  found  that  clierricH  and  grapes  when  swallowed  whole,  even  if  entirely 
ripe,  were   usually  pus,sed  unbroken. 

A  better  method  of  ol>taining  normal  juice  was  suggested  by  the 
famous  ohserv^ations  of  Beaumont*  ujyin  Alexis  St.  .Martin.  St. 
Martin,  hy  the  premature  discharge  of  his  gim,  was  wounded  in  the 
abdomen  and  stomach.  On  healing,  a  fist\ilous  oi>ening  remained  in 
the  abdominal  wall,  leading  into  the  stomach,  so  that  the  eontonts 
of  the  latt-er  could  l>e  inspected.  Beaumont  made  numerous  inter- 
esting and  most  vahiahle  oliservations  ufwn  his  patient.  Since  that 
time  it  has  l>ecome  customar>'  to  make  fistulous  openings  inl4)  the 
stomarhs  of  dogs  whenever  it  is  necessary  to  have  the  normal  juice 
for  examination,     Foniierly  a  silver  cannula  was  place<l  iu  the 

♦  Beaumont,  "The  Physioloiry  of  DiKecttion,"  1833;  second  edition,  1847. 
For  a  bioKni]>hiral  urfount  cf  I^auniont.  t^ec  Obler^  "Journal  of  the  AiDerican 
Medical  Associution,"  November  15.  1902. 
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fistula,  and  at  any  time  the  pliiK  closing  the  cannula  might  be  re- 
moved and  gastric  juice  l>e  obtained.  In  some  cases  the  esophagus 
has  been  occhided  or  excise<i  so  as  to  prevent  the  mixture  of  saliva 
with  the  gastric  juice.  Gastric  juice  may  be  obtained  from  human 
beings  also  in  cases  of  vomiting  or  by  meJins  of  the  stomach  tube, 
but  in  fiuch  rasas  it  is  necessarily  more  or  less  diluted  or  mixed  with 
food  and  cannot  be  used  for  exact  analyses,  although  specimens 
of  gastric  juice  obtained  by  these  methods  are  employed  in  the 
diagnosis  and  treatment  of  gastric  troubles. 

From  the  standpoint  of  experimental  investigation  a  very  im- 
portant addition  to  our  methods  was  made  by  Heidenhain.  This 
observer  showed  that  a  jwrtion  of  the  stomach — the  fundic  end,  for 
instance,  or  the  pyloric  end — juight  Ije  cut  away  from  the  rest  of  the 
organ  an(J  be  given  an 
artificial  opening  to  the 
exterior.  By  this  means 
the  secretion  of  an  isolate*! 
fimdic  or  p\'loric  sac  may 
be  obtained  and  examined 
as  to  its  quantity  and  prop- 
erties. The  method  waa 
sukseqiiently  improved  by 
Pavvlow^  whose  Lmixirtant 
contributions  are  referred 
to  below.  Fig.  294  gives 
an  idea  of  the  opjeration  as 
ina<le  by  Pawlow  to  isolate 
a  fundic  sac  with  its  hlood 
and  ner^'e  supply  unin- 
jured- 

The  normal  gastric  se- 
cretion is  a  thin,  colorless 
or  nearly  colorless  liquid 
with  a  strong  acid  reaction  and  a  characteristic  odor.  Its  spe- 
cific graWty  varies,  but  it  is  never  great,  the  average  l>eing  about 
1.002  to  1.D03.  Upon  analysis  the  gastric  juice  is  found  to  contain 
some  protein,  some  mucin,  and  inorganic  salts,  but  the  essentia! 
constituents  are  an  acid  (HCl)  and  two  or  pitssibly  three  enzymes, 
pepsin,  rennin,  and  lipase.  Satisfactory  complete  analyses  of  the 
human  juice  have  ni>t  been  reported,  most  of  the  recent  observers 
confining  their  attention  mainly  to  the  degree  of  acidity  and 
digestive  power.  More  complete  data  are  published  for  the 
secretion  in  dogs.  According  to  Rosemann,*  the  secretion  in 
this  animal  has  a  specific  gravity  of  1002  to  1004  and  contains 
0.4277  per  cent,  of  dry  material,  of  which  0.1325  per  cent,  is  ash. 
*  Hosomatm,  *'.\rchiv  f.  d.  gee.  Phj-aiologie/*  118,  407,  1907. 


Fig.  294. — To  show  Pawlow'a  operation  for 
making  an  uoUle<i  fundic  «4ac  fmm  the  atomach: 
V,  Cavity  of  the  atom och;  «,  the  fundic  silc,  ^hut  off 
from  the  stomach  uud  ojwning  at  tlic  abdominal 
waU,  a,  a;    b  indicates  the  line  o(  sutures. — {Faw- 
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Analysis  of  the  ash  shows  that  it  r-Qntains  24  per  cent,  of  potas- 
sium, 19  per  cent,  of  sodium,  and  0.18  per  cent,  of  calcium.  The 
HCI  amounts  to  0.55  per  cent.  This  author  states  that  in  one 
animal  during  a  secretion  la.sting  3J  hours  about  5  gin.  of  chlorin 
were  given  off  in  the  secretion  in  the  form  of  ehlorids,  an  amount 
about  equal  to  that  contained  in  the  entire  blood.  The  organic 
portion  of  the  secretion,  in  addition  to  the  fiigestive  enzymes. 
consists  chiefly  of  protein.  Giistric  juice  does  not  give  a  coagulum 
upon  boiling,  but  the  digestive  enzymes  are  thereby  destroyecl. 
One  of  the  interesting  facts  alx)ut  this  secretion  is  the  way  in  which 
it  withstands  putrefaction.  It  may  be  kept  for  a  long  time,  for 
months  even,  without  becoming  putrid  and  with  very  little  change. 
if  any,  in  its  digestive  action  or  in  its  total  acidity.  This  fact  shows 
that  the  juice  possesses  antiseptic  prop*^rties,  imil  it  is  usually  sup- 
posetl  that  the  presence  of  the  free  acid  accounts  for  this  quality. 
The  Acid  of  Gastric  Juice, — The  nature  of  the  free  acid  in  gastric 
juice  was  formerly  the  auhject  of  dispute,  some  claiming  that  the 
acidity  is  due  to  HCI,  since  thi.s  acid  can  Ije  distilled  off  from  the  gflft- 
tric  juice,  others  contending  tliat  an  oiganic  acid,  lactic  acid,  is 
present  in  the  secretion.  All  recent  experiments  tend  to  prove  that 
the  acidity  is  due  to  HCI.  This  fact  was  first  demonstrated  satifi- 
factorily  by  the  analyses  of  Schmidt,  who  showed  that  if,  in  a  given 
sjxxiimen  of  gastric  juice,  the  ehlorids  were  all  precipitated  by  silver 
nitrate  and  the  total  amount  of  chlorin  was  determined,  more  waa 
foumt  than  could  be  held  in  combination  by  the  bases  present  in  the 
secretion.  Evidently,  some  of  the  chlorin  must  have  been  present 
in  combination  with  hydrogen  as  hydrochloric  acitl.  Confirmatory' 
evidence  of  one  kind  or  another  has  since  l)een  obtained.  The 
percentage  of  HCI  in  the  secretion  as  it  is  olHained  from  an  isolated 
fundic  sac  of  the  stomach  varies  around  0.5  percent.,  and  we  must 
suppose  that  this  figure  represents  the  concentration  of  acid  in  the 
juice  as  it  is  secreted.  When  tiie  content*  of  a  normal  stomach  are 
examined  during  digestion  tlie  acidity  is  said  to  l>e  much  lower, 
varying  around  0.2  per  cent,  as  a  maximum.  It  would  seem, 
therefore,  that  in  digestion  some  of  the  acid  is  neutralized  by  the 
alkaline  salts  of  the  saliva  or  food*  or  is  combined  with  the  protein 
material  of  the  food  or  secretion.  Clinicians  make  a  distinction 
betwec»n  free  and  combineil  acid  in  tiie  gastric  secretion.  By  the 
first  term  is  meant  that  the  acid  exi.Hts  in  solution  as  in  so  much 
water  and  is,  thert^fore.  largely  ili.ssociated  with  the  production  of  a 
corresponding  amount  of  hydrtigcn  ions.  Under  the  second  lenii 
18  inrhided  the  acid  that  is  combined  in  some  way  with  the  protein 
material.  In  this  form  the  acid  is  less  dissociated  and  the  acidity, 
that  is  to  say,  the  concentration  of  hyflrogen  ions,  is  much  leas. 
Methods  have  Xteen  devised  for  estimating  the  total  acidity  and  the 
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free  and  combined  acid.*  The  application  of  these  methods  has 
shown  that  after  a  protein  (meat)  diet  so-called  free  acid  may  not 
appear  in  the  gastric  contents  for  an  hour  or  more.  For  pliysio- 
lojdcal  purposes  it  is  preferable  to  abandon  the  use  of  the  tenns  free 
and  combined  acid,  and  instead  to  express  the  degree  of  acidity  in 
teniis  of  the  actual  hydrogen-ion  concentration.  To  det<*rmine 
this  factor  physiochemical  methods  of  some  complexity  are  re- 
quired, but  it  has  been  shown  that  in  place  of  these  methods  a 
aeries  of  indicators  may  be  employed  which  exhibit  a  range  of 
color  changes  for  concentrations  of  hydrogen  ions  that  lie  within 
the  limits  to  be  expected  from  specimens  of  gastric  juice.  For 
example,  the  indicators^  methyl-\iolet,  Con^o-red,  tropaeolin^  and 
methyt-orange,  may  be  used  to  detect  variations  betwwn  0.03  and 
0.00001  n.  Making  use  of  these  methods,  Michaelis  and  David- 
sohnt  find  that  after  a  test-meal  the  hydrogen-ion  roncetitration  of 
the  gastric  contents  is  equal  to  1.7  X  10~^  (0.017),  which  would 

60  .  . 

correspond  to  about  a     -  solution  of  acid,  a  solution  containing, 

therefore,  less  than  0.1  per  cent,  of  hydrochloric  acid.  Since  this 
gastric  juice  at  the  time  of  secretion  contains  HCI  in  the  concentra- 
tion of  0.5  per  cent,  it  is  evident  that  during  digestion  the  acidity 
is  reduced  to  a  much  lower  level  by  dilution,  and  by  neutralization 
by  me^ns  of  the  alkaline  salts  and  the  proteins  of  the  foods  and  the 
secretions. 

The  Origin  of  the  HCL — ^That  the  acid  of  the  gastric  juice  is  a 
mineral  acid  and  is  (iresent  in  considerable  strength  is  a  remarkable 
fact  that  has  excited  much  interest.  Attempts  have  been  made  to 
ascertain  the  histological  elements  concerned  in  its  secretion  and 
the  nature  of  the  chemical  reaction  or  reactions  by  which  it  is  pro- 
duced. With  regard  to  the  first  point,  it  is  generally  believed  that 
the  parietal  cells  of  the  gastric  tubules  constitute  the  acid-secreting 
cells.  This  belief  is  founded  upon  the  general  fact  that  in  the 
regions  in  which  these  cells  are  chiefly  present — that  is,  the  middle 
region  of  the  stomach— the  secretion  is  distinctly  acid,  and  where 
they  are  absent  or  scanty  in  number  the  secretion  is  alkaline  or  less 
acid.  In  the  pyloric  region,  for  instance,  these  cells  are  lacking 
entirely  and  the  secretion  is  alkaline.  Moreover  microchemical 
reactions  seem  to  show  clearly  that  the  parietal  cells  are  particu- 
larly rich  in  chloridsj  and  this  fact  serves  to  connect  them  with 
the  production  of  the  acid.  It  seems  perfectly  evident  that  the 
HCI  must  he  formed  in  the  long  run  from  the  chlorids  of  the 
blood.    The  chief  chlorid  is  NaCI,  and  by  some  means  this  com- 

•  Simon,  "A  Manvial  of  Clinical  Diagnosw." 

t  Michiu»li8  uuri  Oavitlsohn.  "Zeitflrhrift  f.  exp.  Pathol.,"  8,  398,  191! :  also 
BoldjTeff.  "QuarU'rly  Jounml  of  Exp,  Physiol.,"  8,  1.  1914. 
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pound  is  broken  up ;  the  chlorin  is  combined  with  hydrogen,  and 
is  then  secreted  upon  the  free  surface  of  the  stomach  as  HCL 
In  support  of  this  general  statement  it  has  been  shown  that  if  the 
chlorids  in  the  blood  are  reduced  by  remo\'ing  them  from  the  food 
for  a  sufficient  time  the  secretion  of  gastric  juice  no  longer  conliiiw 
acid.  On  the  other  hand,  addition  of  NaBr  or  KI  to  the  food  msy 
cause  the  formation  of  some  HBr  and  HI,  together  with  HCl  in 
the  gastric  j\iire.  Maly  has  suggesteti  that  acid  phosphates  trwy 
be  produrcKi  in  the  first  instjince^  and  then  by  reacting  with  the 
sodium  chlorid  may  give  hydrochloric  acid,  according  to  the  fonnuh, 
NaHjPO^  +  NaCi"  =  Na^HPO,  +  HCl.  Other  theories  have  bem 
proposed,  but.  as  a  matter  of  fact,  no  explanation  of  the  detaib 
of  this  reaction  is  satisfactory.  Many  observers  have  atteiuptiil 
by  microchcrtiical  mcthotls  to  determine  the  exact  points  in  the 
gastric  glands  at  which  the  acid  is  fomieil.  Most  of  these  attempts 
have  given  results  which  have  been  difficult  to  interpret.  Harvey 
and  Bensley,*  bj^  making  use  of  dyes  (cyanimin  and  neutral  red) 
which  give  difTerent  colors  in  neutral,  alkaline,  and  acid  media, 
state  that  the  free  aciil  is  found  only  on  the  internal  surface  of  tke 
stomach  or  in  the  neck  of  the  glands.  The  parietal  cells  themselva 
exhibit  nn  alkahne  reaction.  These  observers  advance,  therefore. 
tin*  prohable  h^iMthesis  that  the  parietal  cells  secrete  a  rhloriti 
of  an  organic  base,  and  this  comiKiund  in  some  way  yields  frw 
hydrochloric  acid  only  after  it  reaches  the  mouth  of  the  glawl. 
While  the  ultimate  source  of  the  chlorin  of  the  hydrochloric  add 
is  to  be  found  in  the  neutral  chlorids  of  the  blood  (NaCl).  certain 
as  yet  unknown  intermediate  compounds  are  formed  within  ll»' 
parietal  cells  from  which  the  acid  is  eventually  produced. 

The  Secretory  Nerves  of  the  Gastric  Glands. — Although  mvwJ 
facts  indicated  to  the  older obscn'era  that  the  secretion  of  gastric 
juice  is  imder  tiie  control  of  nerve  fibers,  we  owe  the  actual  cxpeii* 
mental  demon.stration  of  this  fact  to  Pawlow.f  He  demonstrated 
*Jiat  the  secretion  is  under  the  control  of  the  nervous  8\'stem  and  that 
the  8ecretor>'  fil.>ers  are  contained  in  the  vagus.  Direct  stimulalion 
of  the  peripheral  end  of  the  cut  vagus  causes  a  secretion  of  gafitn^ 
juice  after  a  long  latent  period  of  several  minute.  This  long  latenn' 
may  be  due  possibly  to  the  presence  in  the  vagus  of  inhil)iW 
fibers  to  the  gland,  which,  being  stimulated  simultaneously  withtl* 
secretory  filjers,  delay  the  action  of  the  latter.  Ver>'  striking  p^^ 
of  the  general  fact  that  the  secretion  is  due  to  the  action  of  vapa 
fibers  Ls  fimiishcd  by  such  experiments  as  these :  Pawlow  diWdod  tlte 
esophagus  in  the  neck  and  brought  the  two  ends  to  the  skin  so  as  to 

•  Harvey  and  Benslev.  "Biologit-jil  Bulletin."  2.S,  225.  1912. 
t  See  Pawlow,  **The  Work  of  the  Digestive  Glands/'  tnuwlatod  byTbocnj>- 
son.  1902. 
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J  separate  fistulous  openiiiKs  to  the  exterior.    Under  these  con- 

(fitions,  when  the  animal  ate  and  swallowed  food  it  was  discharged 

to  the  exterior  in.^tead  of  entering  the  stomach.     The  animal  thus 

luul  the  enjoyment  of  eating  without  aetually  filling  the  stomach. 

Ealmg  in  this  style  forms  what  the  author  called  a  fictitious 

or  sham   meal    [Scheinfi'Uteruiig).     It  was  found  that  it  causes 

aii  abundant  flow  of  gastric  juice  as  long  as  the  vagi  are  intact, 

but  has  no  effect  on  the  secretion  when  these  ner\*cs  are  cut. 

Evidently,  therefore,  the  sensations  of  taste*  otJor,  etc.,  iieveU>ped 

during  the  mastication  and  swallowinrj  of  fnod,  set  uj)  retlexly 

ft  stimulation  of  secretory  fihers  in  the  vagus.     Pawlow  desig- 

Datea  a  secretion  producc<[  in  this  way  as  a  psychical  secretion, 

^a  term  which   implien  that  the  reflex   must  he  attende<l  by 

ooQseioiis  sensations.     In  favorable  cases  the  fictitious  feeding  has 

been  continued  for  five  or  six  houre  and  a  large  amount  of  gastrie 

juice  (700  c.c.)  has  l^een  collected  from  a  fistula j  although  no  food 

actually  entered  the  stomach.     It  is  important  to  note,   also,  tliat  a 

psychical  secretion,  once  started,  may  continue  for  a  long  time  after 

the  stinmlus (tlw  ealing)  has  ccasi'd.    ExiH'rimcnts  liavc  liccn  nia<io 

upon  himmn  l)eings  umler  similar  conditions.    Thus.  Hornhorg* 

reports  the  case  of  a  boy  with  a  stricture  of  the  esophagus  and  a 

fistula  in  the  stomach.     Food  when  chewed  and  swallowed  did  not 

reach  the  stomach,  but  was  regurgitated;  it  caused,  neverthelees, 

an  active  psychical  secretion  in  the  empty  stomach. 

Ifonnal  Mechanism  of  the  Secretion  of  the  Gastric  Juice. — 
During  a  meal  the  gastric  juice  is  secreted,  under  nomml  coniiitions, 
as  long  as  the  food  remains  in  the  stomach.    The  modem  explana- 
tion of  the  origin,  maintenance,  and  regulation  of  this  flow  of  secre- 
tion is  due  chiefly  to  Pawlow.     Contrary  to  a  former  general  belief, 
he  showed  that  mechanical  stimulation  of  the  gastric  mucous  mem- 
brane has  no  effect  on  the  secretion  of  the  tubules.     This  factor  may 
therefore  be  eliminated.     In  an  ordinary  meal  the  secretion  first 
started  is  due  to  the  sen.sations  of  eating — -that  is,  it  is  a  psychical 
aecretion.    The  afferent  stimuli  originate  in  the  mouth  and  nostrils; 
the  efferent  path,  the  secretory  fibers,  is  through  the  vagus  nerve. 
This  reflex  insures  the  beginning  at  least  of  gastric  digestion,  but  its 
effect  is  supplemented  by  a  further  action  arising  in  the  stomach 
itself.     It  seems  that  some  foods  contain  substances  designated  as 
secretogogues,  that  are  able  to  cause  a  secretion  of  gastric  juice 
when  taken  into  the  stomach.     Thus,  meat  extracts,  meat  juices, 
soups,  etc.,  are  particularly  effective  in  this  resyiect ;  milk  and  water 
cause  less  secretion.     In  other  footis  these  ready-fi>nned  secreto- 
gnjfues  are  lacking.     Certain  common  articles  of  food,  such  as 

•  Homborg.  "Skun.Jinavisches  Archiv  f.  Physioliwe."  l.'i.  209,  1904;  sfn- 
oLto  Bickel,  "Verhandl.  Konjcr.  f.  innt'n'  McsliKin."  23,  401. 
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bread  and  white  of  eggs,  have  no  effect  of  this  kind  at  al!.  If 
introduced  into  the  stomach  of  a  dog  through  a  fistula  so  as  not  to 
arouse  a  psychical  secretion, — for  instance,  while  the  dog's  attention 
is  diverted  or  while  he  is  sleeping, — they  cause  no  flow  of  gastric 
juice  and  are  not  digested.  If  auch  articles  of  food  are  e^ten, 
however^  they  cause  a  psychical  secretion^  and  when  this  has  acted 
upon  the  foods  some  products  of  their  digestion  in  turn  become 
capable  of  arousing  a  further  flow  of  gastric  juice.  The  8te{>s  in 
the  mechanism  of  secretion  are,  therefore,  three:  (l)The  psychical 
secretion;  (2)  the  secretion  from  secretogogues  contained  in  the 
food;  (3)  the  secretion  from  secretogogues  contained  in  the  prod- 
ucts of  digestion.  The  manner  in  which  the  secretogogues  act 
cannot  be  stated  positively.  Since  the  gastric  glands  possess 
secretory  nerve  fibers  the  first  explanation  to  suggest  itself  is 
that  the  secretogogues  by  acting  on  sensory  fibers  in  the  gastric 
mucous  membrane  reflexiy  stimulate  the  secretory  fibers.  Thia 
explanation,  however,  is  rendered  untenable  by  the  fact  that  the 
effect  of  these  substances  is  obtained  after  complete  severance 
of  the  nervous  connections  of  the  stomach.  If,  therefore,  this 
Bo-called  chemical  secretion  is  produced  by  a  nervous  reflex,  the 
nerve  centers  concerned  must  lie  in  the  stomach  itself,  the  reflex 
must  take  place  through  the  intrinsic  gangliou  cells.  Another 
more  probable  explanation  has  been  offered.  Edkins*  has  shown 
that  decoctions  of  the  pyloric  mucous  momhrane^  made  by  boilinf{ 
in  water,  acid  or  peptone  solutions,  when  injected  into  the  bk>od 
cause  a  marked  secretion  of  gastric  juice.  These  substances  when 
injected  alone  into  the  blood  cause  no  such  effect,  and  decoctions 
of  the  mucous  membrane  of  the  fundic  end  of  the  stomach  are 
without  action  on  the  gastric  secretion.  This  author  suggests, 
therefore,  that  the  secretogogues,  whether  prefornu^  in  the  f(H>d  or 
formed  during  digestion,  act  upi^n  the  pyloric  mucous  membrane 
and  form  a  substance  which  he  tlesignates  as  gastrin  or  gastrin  se- 
cretin,  and  this  substance  after  absorption  into  the  blood  is  carried 
to  the  gastric  glands  and  .stimulates  them  to  secretion.  The  effect 
is,  therefore,  not  a  usual  nervous  reflex,  but  an  instance  of  the 
stimulation  of  one  organ  by  chemical  products  formed  in  another. 
Starling  t  lias  emphasized  the  fact  that  this  mode  of  control  is 
frequently  employed  in  the  body,  iis  will  be  describeil  in  the 
following  pages  in  connection  with  the  pancreatic  secretion  and 
the  internal  secretions.  He  proposes  to  designate  such  sub- 
stances by  the  general  term  of  hormones  (from  op/iawj  arouae 
or  excite).  Leaving  aside  for  the  moment  the  way  in  which 
the  secretogogues  excite  the  secretion  it  is  important  to  empha- 

•  Edkins,  "Joiinml  of  Pliysiology."  1906,  xxxiv.,  p.  133. 

t  t>tarHng,  "Recent  Advances  in  the  Physiology  of  Digestion,'*  1906. 
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size  the  fact  that  in  the  normal  secretion  of  gastric  juice,  that          ^^M 
I     is  to  say,  in  the  secretion  which  takes  place  during  an  ordinary          ^^H 
1     meal,  we  must  distinguish   between    a  mri^ous  secretion  due  to           ^^H 
'      the  action  of  the  secretory  fibcra  in  the  vagus,  and  a  chemical          ^^H 
I     secrclion  due  to  the  chemical  stimulation  of  the  secretogogues          ^^H 

or  of  the  hornione.^3  produced  li}'  them.                                                         ^^H 
The  researches  of  Pawlow  and  his  co-workers  seem  also  to  in-          ^^M 

dicate  that  the  quantity  and  properties  of  the  secretion  vary  with          ^^M 

it 

.9-3 

^H 

M11.K,       M»UT,       Bread, 
600  c-o.    100  sm«.  100  Knu. 

^1 

^1 

^^^^V 

^^B 

0.570 
0.528 

0.480 
0.432 
0.384 
0.330 
0.288 
0.240 
0,192 
0.1U 
O.OM 
0.048 
0 

" 

' 

s 

S 

s 

' 

18 

1 

\ 

IQ 

) 

I 

/ 

T 
1 

X4 

r 

-\ 

J 

12 

\ 

10 
8 

e 

1 

^ 

1 

\ 

1 

^ 

\ 

\ 

2 

\ 

^ 

7^ 

= 

y 

iL 

N 

0 

Hours 

t  tS4S678^  wini 

-.^o.....  Quantity  of  BecretioD 

■ 

Fic-  295. — Diajcrajn  showiag  the  vAnatinQ  ut  (|u*iiUty  at  eajitnc  Bceretion 
mixed  m»M\;  aloo  tho  vanstioiu  id  acidity  uid  in  digetrtive  power. — (Al 

the  character  of  the  food.    The  quantity  of  the  seer 
also,  other  conditioas  being  the  same,  with  the  amoun 
be  digested.     The  apparatus  is  adjusted  in   this   resp 
economically.     DiPferent  kinds  of  food  produce  secret 
not  only  as  regards  quantity  but   also  in  their  acidit 
tive  action.      The    secretion   produced  by  bread,  th 
quantity  than  that  caused  by  meat,  possesses  a  gret 
action.    On  a  given  diet  the  secretion  assumes  certain 
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tics,  and  Pawlow  is  ronvinf^tMi  that  further  work  will  ciLscloaethcfict 
that  the  secretion  of  the  stomach  is  not  caused  normall}*  by  geoenl 
stimuli  all  affecting  it  alike,  but  by  specific  stimuli  contained  in  ii^ 
food  or  produced  during  digestion,  whase  action  is  of  such  a  kind 
as  to  arouse  reScxl>'  the  secretion  best  adapted  to  the  foo<J  in^wted, 

One  of  the  cur\'e8,  showing  the  effect  of  a  mixed  diet  (mUk,  6^1) 
CjC.;  meat,  I(K)  gms.;  bread,  ItX)  gms.)  upon  the  gastric  eecretioii, 
as  determined  by  Pawlow's  method,  is  reproduced  in  Fig.  296,  h  vB 
be  noticed  tliat  the  secretion  began  shortly  after  the  ingestion  of  the 
food  (seven  minutes),  and  increased  rapidly  to  a  maximum  thai  Man 
reached  in  two  hours.  After  the  second  hour  the  flow  derreaai) 
rapidly  and  nearly  uniformly  to  about  the  tenth  hour.  The  acidity 
rose  slightly  between  the  first  and  second  hours,  and  then  fell  grailu- 
ally.  The  digestive  power  showed  an  increase  between  the  aerom! 
and  third  hours. 

Nature  and  Properties  of  Pepsin. — Pepsin  is  a  tj-pical  proteo- 
lytic enzyme  that  exhibits  the  striking  peculiarity  of  acting  only  in 
acid  me<lia;  hence  peptic  digestion  in  the  stomach  is  the  result  o( 
the  combined  actiou  of  pepsin  nnd  hydi-ochloric  acid.  Pi^pMn  is 
influenced  in  its  action  by  temp^erature,  as  is  the  case  with  tl)e  otkr 
enzymes;  low  temperatures  retard,  and  may  even  suspeml  its 
activity,  while  liigh  temperatures  increase  it.  The  optimum  lem* 
perature  is  sttited  to  be  from  37®  to  40°  C,  while  exposure  forborne 
time  t-o  80°  C.  results,  when  the  pepsin  is  in  a  moist  condition,  in  the 
total  destruction  of  the  enzyme.  Pepsin  may  be  extracted  from  thr 
gastric  mucous  membrane  by  a  variety  of  methods  and  in  different 
d^;rees  of  purity  and  strength.  Tlie  commercial  prepnmtions  d 
pepsin  consist  usually  of  some  form  of  extmct  of  the  gastric  mucous 
membrane  to  which  starch  or  sugar  of  milk  has  been  added.  Lalxm- 
tor>'  preparations  arc  made  conveniently  by  mincing  thoroughly 
the  mucous  membrane  and  then  extracting  for  a  long  time  with 
glycerin.  Glycerin  extract-s,  if  not  too  much  diluted  with  water  or 
blood,  keep  for  an  indetinite  time.  l*tirer  preftarations  of  pcpflin 
have  been  made  by  what  is  known  as  "Briicke's  method."  in  whicb 
the  nmcous  membrane  is  minced  and  is  then  8elf-digeste<l  with  »  5 
per  cent,  solution  of  phosphoric  acid.  The  phosphoric  acid  ifi  pW" 
cipitated  by  tlie  adilition  of  lime-water,  and  the  pepsin  is  cwriri 
dowTi  in  the  flocculent  precipitate.  Tliis  precipitate,  after  bang 
washeii,  is  carried  into  solution  by  dilute  hydrochloric  acid,  and  a 
solution  of  eholesterin  in  alcohol  and  ether  is  added.  The  cholestcnn 
is  precipitated,  and,  as  l>efore,  carries  down  \nth  it  the  pepsin.  Tb» 
precipitate  is  collected,  carefully  washed,  and  then  treated  rppefttedlv 
with  ether,  which  <lissolves and  removes  the  eholesterin,  Iea%'ing  ^ 
pepsin  in  aqueous  solution.  This  method  is  interesting  not  only 
because  it  gives  a  pure  form  of  |)epsin,  but  also  in  that  it  illiiptr»t«« 
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ooeof  the  properties  of  enz>'me8 — namely,  the  rea(lines.s  with  which 
ihey  are  adsorbed  by  prci^ipitates  occurring  in  their  solutions. 

In  spite  of  much  workj  the  chemical  nature  of  pepsin  is  undeter- 
mined. Pekelharing*  has  prepared  pepsin  from  gastric  juice  by 
dialysis,  the  substance  precipitating  as  the  acid  is  dialyzed  off. 
The  precipitate  may  be  purifieii  by  repeatet!  restihilions  In  ai-iil 
followed  by  dialysis.  As  prepared  by  this  method  pepsin  is  a 
substance  of  a  protein  nature  which  contains  sulphur  and  also 
>omo  chlorin,  but  no  phosphorus.  It  rloes  not  belong,  therefore, 
to  the  group  of  nucleoproteins.  Other  authors,  on  the  contrary, 
AMSfrt  that  a<'tive  preparations  of  jiepsin  may  be  obtained  which 
give  no  protein  reactions,  although  they  contain  nitrogen. 

Pepsin  is  suppostnl  to  be  formed  in  the  central  cells  of  the  gastric 
luhules,  but  :is  in  uther  cases  it  is  present  in  the  cells  as  a  zyinojiren 
Or  prt»pepsin,  wliich  is  nut  changed  tutlie  active  pepsin  until  after 
Secretion.  The  propepsin  may  be  extracted  reatlily  from  the  mucous 
luernbrane,  and,  since  it  is  known  that  the  zymogen  is  converted 
quickly  to  active  pepsin  by  the  action  of  acids,  it  is  evident  that  in 
the  normal  gastric  juice  the  existence  ni  the  hydriKddoric  acid 
insures  that  all  of  the  i>epsin  shall  !)e  present  in  active  form.    There 
has  been  much  discussion  as  to  the  nature  of  the  secretion  of  the 
pyloric  glands.    Heidenhain  isolateil  this  portion  of  the  stomach  and 
collected  it^  secretion.    He  found  that  it  was  {dkaline  and  contained 
pepsin.    Later  obser\'ers,  however,  still  <-ontinue  to  tloubt  the  secre- 
tion of  a  true  pepsin  in  this  portion  of  the  stomach.     Glaessner  f 
states  that  propepsin  can  not  Ije  obtained  from  extracts  of  the  pyloric 
glands,  and  that  the  proteolytic  enzyme  that  can  l>e  shown  in  this 
portion  of  the  stomach  by  self-digestion  in  acid  or  alkaline  media  is 
not  a  true  gastric  popsin.     The  possil)ility  that  a   s<pecial   secretin 
Ihormone)  is  formed  in   the  pyloric  mucous  nieml)rane  has  l>een 
referred  to  alx>ve  (p,  770).     From  the  description  of  the  events 
in  the  stomach  (p.  720)  it  would  seem  that  the  food  material  which 
is  churned  and  stirred  by  the  contriictioiis  of  the  pyloric  musculature 
hiis  alreaily  i»een  charged  with  pepsin  and  hydrocliloric  acid  by  the 
glands  of  the   mitldle   and   fundic   regiims   befi*re  reaching  the 
Antrum  pylori. 

Artificial  Gastric  Juice. — In  stutlying  peptic  digestion  it  is  not 
necessar}'  for  all  purpose^s  to  establish  a  gastric  fistula.  The  active 
agents  of  the  normal  juice  :irc  pepsin  :uui  an  aciil  of  a  proper  strength; 
and.  as  the  pepsin  can  he  extracted  and  preserved  in  various  ways 
and  the  hydrochloric  acid  can  easily  be  made  of  the  proper  strength, 
an  artiticial  juice  can  be  obtained  at  any  time  ami  may  be  usetl  in 
place  of  the  norma!  secret  ion  for  man>'  purposes.    In  laboratory  ex- 

•  Pekelharing.  '"Zeilfichrifl  f.  physiol.  Chemie,"  35,  8,  1902. 
fGUeesner.  "BpitniKe  «ur  chem.  PhysioK  u.  Pathol./'  I,  24,  1901. 
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periments  it  is  eiistomaiT  to  employ  a  glycerin  or  eommereial  prep- 
aration of  the  gasti'ic  mucous  memhrane,  and  to  add  a  small  portion 
of  this  preparation  to  a  large  bulk  of  0.2  per  cent,  hydrochloric  acid. 
The  artificial  juice  thus  made,  when  kept  at  a  temperature  of  from 
37°  to  40°  C.  will  digest  proteins  rapidly  if  the  preparation  of  jjepsin 
is  a  good  one.  While  the  strength  of  the  acid  employed  is  generally 
from  0.2  to  0.3  per  cent.,  digestion  will  take  place  in  solutions  of 
greater  or  less  acidity.  Too  great  or  too  small  an  acidity,  however, 
will  retard  the  process;  that  is,  there  is  for  the  action  of  tlie  pepsin 
an  optimum  acidity  which,  according  to  the  experiments  of  Mich- 
aelis,*  is  rcpn\sented  by  a  concentration  of  hydrogen  ions  of  about 
4  X  10-'"'  (0.04  n). 

The  Pepsin-hydrochloric  Acid  Digestion  of  Proteins, — It  has 
lonp;  been  known  that  soUd  proteins,  when  oxpi>sed  to  the  action  of  a 
normal  or  an  artificial  gastric  juice,  swell  up  and  eventually  pass 
into  solution.  The  soluble  protein  thus  formetl  was  known  not  to  l)e 
coagvdated  by  heat,  and  wa,s  remarkable  also  for  being  more  diffus- 
ible than  other  forms  of  soluble  proteins.  This  end-product  of  diges- 
tion was  funnorly  conceivetl  as  a  soluble  prot<>in  with  properties 
fitting  it  for  rapid  absorption,  and  the  name  of  peptone  was  given  to 
it.  It  was  quickly  found,  however,  that  the  process  is  complicated— 
that  in  the  conversion  to  so-called  "peptone*'  the  protein  under 
digestion  passes  through  a  number  of  intermediate  stages.  The  in- 
termediate product.s  were  partially  isolated  and  were  given  specific 
names,  such  as  acidHitbumin,  jtarapfptone,  and  propeptone.  The 
present  conception  of  the  process  we  owe  chiefly  to  KQhne.  This 
author  b3elieved  that  the  protein  pa.sses  through  three  general  stages 
before  reaching  the  final  condition  of  jH^ptone.  This  view  is  indi- 
cated briefly  by  the  following  schema: 

Native   protein.  ^m 

Arid  albumin  (Ryiitoniii).  ^H 

Primary  proteoses  (protalbumoees).  ^| 

Secondary  proteoses  (deutero-albunioses).  ^| 

Peptone.  li 

The  first  step  is  the  convereion  of  the  protein  to  an  acid  albumin. 
This  change  may  be  considered  as  being  chiefly  an  efiFect  of  the  hy- 
drocidoric  acid,  although  in  some  way  the  comlaned  action  of  the 
pepein-hydrochloric  acid  compound  is  more  effective  than  a  solution 
of  the  acid  alone  of  the  same  strength.  Like  the  acid  albumins 
(metaprotcins)  in  general  (see  Appendix),  the  syntonin  is  remlily 
precipitated  on  neutralization.  In  tlm  lieginning  of  peptic  diges- 
tion, therefore,  if  the  stilution  is  neutralized  wuth  dilute  alkali, 
an  abundant  precipitate  of  syntonin  occurs.  Ltiter  on  in  the 
digestion,    neutralization    gives    no    such    eflfect — the    syntonin 

•  Michaelia  and  Mendelssohn,  "Biochemische  Zeitflchrift,"  05,  I,  1914. 
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has  all  passed  to  a  further  st-ago  of  digestion.  Under  the  in- 
fluence of  the  pepsin  the  syntonin  undergoes  hydrolysis,  with 
the  production  of  a  number  of  bodies  which,  as  a  group,  are 
designated  as  primary  proteoses  or  protalbumoses.*  Although 
several  members  of  this  group  have  been  isolateil  and  giveu 
separate  names,  so  much  doubt  prevails  ae  to  the  chemical  individ- 
uality of  these  substances  that  it  is  best  perhaps  to  regard  them  as  a 
group  of  compounds  which  under  the  continued  influence  of  the 
pepsin  undergo  still  further  hydrolysis  with  the  fonnalion  of  secon- 
dary proteoses  or  deutero-albumoses.  Ascompareil  with  the  i:)riinar>' 
proteoses,  the  secondary  ones  are  distinguished  l)y  a  greater  solu- 
bility ;  they  require  a  stronger  saturation  with  neutral  salts  to  precipi- 
tate them.  (See  Appendix.)  The  secondar}'  proteoses  undergo  still 
further  hydrolysis,  with  the  production  of  peptone^  or  perhaps  it 
would  be  l>etter  to  say  peptones.  The  peptones  show  still  greater 
solubility,  and,  in  fact,  peptone,  in  Kiihne's  sense,  is  that  compound 
or  group  of  compounds  formed  in  i)eptic  digestion  which,  while  still 
showing  protein  reactions  (biuret  reaction),  is  not  coagulated  by 
heat  nor  precipitated  when  its  solutions  are  completely  saturated 
with  ammoniimi  sulphate.  According  to  the  schema  and  descrip- 
tion given  above,  the  several  stages  in  peptic  tiigestion  are  repre- 
sented as  following  in  sequence.  It  should  be  stated,  however, 
that  many  authors  consider  that  even  in  the  lieginning  of  the 
digestion  the  protein  molecule  may  be  split  into  several  complexes, 
and  that  some  of  the  end-products  may  be  formed  very  early  in 
the  action.  The  end-result  of  the  action  of  the  pepsin  in  the 
stomach  is  the  conversion  of  more  or  less  of  the  protein  of  the 
food  into  the  simpler  and  mure  soluble  |X'ptones  and  proteoses. 
The  action  of  the  enzyme  in  preparatory  t^y  the  more  complete 
hydrolysis  that  takes  place  in  the  intestine  under  the  influence  of 
the  trj'ps'"  ^"^  erepsin,  for,  as  we  shall  see,  the  protein  of  the  food 
is  not  absorbed  into  the  blood  as  peptones,  but  suffers  first  a  further 
hydrolysis  to  amino-acids  and  peptids.  While  the  pepsin  is,  there- 
fore, a  relatively  weak  proteolytic  enijyme,  it  plays  an  important 
r61e  in  initiating  the  splitting  up  of  the  protein  molecule,  and  its 
value  in  this  respect  is  increased  by  the  fact  that  it  is  adapted  to 
act  upon  proteins  of  all  kinds  and  bring  them  to  a  stage  suitable  for 
the  more  complete  action  of  the  proteolytic  enzymes  of  the  intes- 
tinal secretions. 

In  judging  the  digestive  action  of  any  given  specimen  of  natural 
or  artificial  gastric  juice  it  is  customary  to  meiisure  the  rapidity 

♦The  protlucta  intermefifftt©  between  the  orignnaJ  protein  and  the  pcfv 
tone  are  described  in  c^iieral  ua  alburnos*^  or  as  protwises,  arconling  tis  one 
takes  the  kenn  protein  or  albumin  as  tfio  generic  name  for  the  orij^inaJ  sub- 
stance. The  term  protetn  is  Renepally  used  in  English :  hence,  the  intermedi- 
ate products  are  more  appropriately  designated  as  proteoses. 
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with  which  an  insoluble  protein  is  convertenl  into  a  soliible  forni. 
I'he  niPthod  most  commonly  employed  is  that  devised  in  PawWi 
laboratory  l>y  Mett.  The  Mett  test  is  made  by  sucking  white  nf  «q 
into  a  thin-walled  glass  tulje  liaving  an  internal  diameter  nf  l  to2 
nuns.  The  e^-albumin  is  coagulated  in  the  tube  by  inuiienini;  it  (or 
five  minutes  in  water  at  95^  C.  After  some  time  the  tube  is  cut  into 
lengtliij  of  10  to  15  mms.  and  these  are  used  to  test  the  digestive  ictioQ 
or  amount  of  pepsin.  One  or  more  of  the  tuljes  are  placed  ia  tbe 
solution  to  be  measured  and  kept  for  ten  hours  at  body  temperanire, 
'I'he  digestive  power  is  measured  in  terms  of  the  length  in  milliiuetetB 
of  the  column  of  egg-ulbuniin  that  is  dissolved.  The  relative  axnoimiB 
of  pepsin  in  solutions  compared  in  this  way  are  determined  b>*  the 
law  of  Schiitz,  according  to  wlaich  the  digestive  power  is  proportional 
to  the  square  root  of  the  amount  of  pepsin.  If  in  two  specimens  i»f 
gastric  juice  the  number  of  millimeters  of  egg  albumin  di^«j 
was  in  one  case  two  and  in  the  other  three,  the  pepsin  in  the  two 
solutions  would  be  iis  the  squares  of  th(*  numbers,  as  4  to  9. 

The  Rennin  Enzyme  (Rennet,  Chymosin). — The  pmpem- 
possessed  by  the  mucous  membrane  of  the  calfs  stomach  of  cuniling 
milk  has  been  known  from  remote  times,  and  has  Ijeen  utilized  in  the 
manufacture  of  cheese  and  curds.  This  action  takes  place  with 
remarkable  rapidity  under  favorable  conditions,  a  large  maas  of  milk 
setting  to  a  firm  coagidum  within  a  very  brief  tiiiu*.  It  haa  bwl) 
shown  that  this  effect  is  due  to  an  enzyme — rennin  or  rennet.  The 
rennin,  like  the  pepsiiu  is  supposed  to  be  formed  in  the  chief  relbof 
the  gastric  tubules  and  to  be  present  in  the  glands  in  a  zymogen 
form,  the  prorennin  or  prochymosin.  which  after  secretion  is  con- 
verted to  the  active  enz^'me.  This  conversion  takes  place  very 
readily  imder  the  influence  of  acid.  Rennin  (or  its  zymogen!  mayl« 
obtained  ea.sily  from  the  mucous  membrane  of  the  stomach  (ftilh 
the  exception  of  the  pyloric  end)  by  extracting  with  glycerin  or  wawr 
or  by  digestiuE;  with  dilute  arid.  Good  extracts  of  rennin  cause 
the  milk  to  clot  with  ^reiit  rapidity  at  a  temperature  of  40*^  C;  "iP 
milk  (cows'  milk),  if  mulisturbed,  sets  at  first  into  a  solid  clot.  ^^^^ 
afterward  shrinks  and  presses  out  a  cleiir,  yellowish  hquid— ^ 
whey.  With  hmnan  milk  the  ciinl  is  much  less  firm,  and  take*  ^^ 
form  of  loose  flocculi.  The  whole  process  resembles  much  the  ck**^*^ 
of  blood.  The  rapidity  of  clotting  is  said  to  var>'  inversely  ^^  j 
amount  of  rennin.  or,  in  other  words,  the  product  of  the  amou^*^^** 
rennin  and  the  time    neeessar>'  for  clotting  is   a    constant 
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ciinlling   of  the  milk  involves  two  apparently  independent  0^'^ 
esses:    First,  the  rennin  acts  upon  the  casein  of  the  milk  and  con  '^ 
it  into  a  substance  known  as  paracasein.    The  paracasein  ■ 

reacts  with  the  calcium  salts  of  the  milk,  forming  an  insoJ  ^. 


protein,    which    constitutes   the   curd   or   coagulum.     Accor'* 
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to  this  view,  the  enzyme  does  not  cause  clotting  directly.*  What 
takes  plaee  when  the  casein  is  changed  to  paracasein  is  not  under- 
stood. Hammiirstcn  originaliy  regarded  the  change  as  a  cleavage 
process,  and  this  view  is  still  supported  by  some  authors, f  although 
denied  by  others.  Others  have  supjxjsed  that  a  tninsforiuation  or 
rearrangement  of  molecular  structure  occurs.  Indeed,  the  differ- 
ences in  properties  l)etwecn  casein  and  paracasein  are  not  great, 
the  most  marked  ditTerence  l>eing  that  the  latter  in  the  presence  of 
calcium  salts  gives  an  insoluble  coagulum.  If  soluble  caleiuai  salts 
are  removed  from  milk  by  the  a<ldition  of  oxalate  solutions^  it  does 
not  curdle  upon  the  addition  of  rennin.  Additi(m  of  lime  salts  re- 
stores this  propt^rty.  It  should  be  added  that  casein  is  also  pre- 
cipitated from  milk  by  the  addition  of  an  excess  of  acid.  The 
curdling  of  stmr  milk  in  the  formation  of  l>onnyclabbcr  is  a  well- 
known  illustration  of  this  fact.  When  milk  stands  for  some  time 
the  action  of  bacteria  upon  the  milk-sugar  leads  to  the  formation 
of  lactic  acid,  and  when  this  acid  reaches  a  certain  concentration 
it  causes  the  precipitation  of  the  casein. 

So  far  iis  our  positive  knowledge  goes,  the  action  of  rennin  is 
confined  to  milk.  Casein  is  the  chief  protein  constituent  of  milk, 
and  has,  therefore,  an  important  nutritive  value.  It  is  int-eresting 
to  find  that  before  its  peptic  digestion  begins  the  casein  is  acted 
upon  by  an  altogether  different  enzyme.  The  value  of  the  curdling 
action  is  not  at  once  apparent,  but  we  may  suppose  that  casein  is 
more  e^.sily  digested  under  the  conditions  that  exist  in  the  body 
after  it  has  l^een  brought  into  a  solid  form,  or,  perhaps,  the  coagu- 
lation of  the  casein  ensures  that  it  will  be  retained  in  the  stomach 
anrl  be  submitted  to  gastric  digestion,  instead  of  being  ejected 
promptly  into  the  duodenum,  as  happens  with  liquid  material. 
The  action  of  rennin  goes  no  further  than  the  curdling;  the  diges- 
tion of  the  curd  is  carried  on  by  the  pepsin,  and  later,  in  the  intes- 
tines, by  the  trypsua,  as  in  the  case  of  other  proteins.} 

Keijiiin  is  found  els(*\vhore  than  in  the  grvHtric  mucosa.  It  hoA  beOD 
dt«y;rib*Mj  in  tho  pancreatic  juieo,  in  the  (,e.*itis.  and  in  nniny  other  orgaiw 
Wi  well  an;  in  the  ti.*«,-*ueH  nf  many  plants.  In  fart,  wherever  i>rnte<jlytir  enzymes 
are  found  there  also  some  evidence  of  a  ourdlinE  iirtinti  on  milk  may  be  oh- 
taine<t  For  this  reason  wime  observers!  have  taken  the  view  that  the  milk 
coikgulatidu  is  not  due  to  a  Hjyocific  ferment,  but  is  an  action  of  the  pepsin  itself. 
That  is,  the  proteol>tio  enzyme  is  capable  of  cuusiiiK  th(*  ehanpe  from  caf^^in 
tn  |nirftrast*in  as  well  ft.s  the  hvtlrolysis  of  the  protein.  This  view  is  opposed  to 
the  prevalent  opinion  re^arJmg  the  specificity  of  enzyme  actions,  and  in  con- 

♦Soe  Bans,  "Skandinavisehes  Archiv  f.  Physiologie,"  25,  105,  1911. 

t  Bosworl  h  anrl  van  Slyke.  "Journal  i»f  Biolopieal  Chemistry/'  19,  67, 1914. 

t  For  references  to  the  very  abumhrnt  Uterature,  consult  Oppenheimer, 
loc.  cii. 

i  Sec  Pawlow  and  Parastschuk,  **Zeit«chrift  f.  physio!,  Cheraie,"  42,  416, 
1904;  Burge,  *'Ainerican  Journal  of  Physiology,"  29,  330,  1912. 
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tradictfHl  by  a  nunih4'r  of  obsen'ere.  Burge,  for  example,  report«  tkit  d  i 
solution  showing  b()th  fH*ptic  and  rennctic  action  is  submitted  to  the  ictvoo(tf 
an  electric  current  thepcptir  iwwcr  ih  destroyed  completely  in  a cerUin  tintr, 
while  the  rcnnetic  action  remains  in  full  force. 

Another  interesting  fad  ronceming  rennin  \»  that  when  injected  inlo  «i 
animal  it  cnuses  the  fonnation  of  a  specific  antibody  known  a«  antinnmn. 
which  may  be  detect^  in  the  blood.  This  anlixennin  added  to  milk  Ph-vimu 
ilB  curdling  by  rennin^  giving  a  result,  therefore,  eiinilar  to  the  reaction  ortircft 
toxins  and  antitoxins. 

The   Digestive   Changes  Undergone   by   the   Food  in  the 

Stomach, — In  addition  to  the  pepsin  and  rennin  various  oboervca 
have  described  other  enzymes  in  the  gastric  juice  or  gastric  man- 
brane,  but  the  evidence  at  hand  is  \mcertain  regarding  these 
latter.  As  was  said  above,  it  is  probable  thai  the  ptyalia 
swallowed  with  the  food  continues  to  exert  its  action  upon  tiie 
starchy  material  in  the  funilus  fur  a  lung  time,  so  that  in  this  wtjr 
the  starch  digestion  in  tlie  stiuuach  may  \ye  important.  Regarding 
the  fats,  it  is  usually  helieveti  that  they  undergo  no  truly  digestive 
change  in  the  stomach.  They  are  set  free  from  their  intimate 
mixture  with  other  fottd  stuff.s  by  the  dissolving  action  of  the  ga.^ 
trie  juice  upon  proteins,  they  are  Ii<iueried  by  the  heat  of  the  body, 
and  they  are  disseminated  through  the  chyme  in  a  coarse  emuUion 
by  the  movements  of  the  stomach.  In  this  way  they  are  mechan- 
ically prepared  so  that  the  subsequent  action  of  the  panrreatic 
juice  is  much  favored.  When,  however,  fats  are  ingested  in 
emulsified  form,  as  in  milk,  for  instance,  the  hpase  of  the  stomAch, 
according  to  Volhard,  may  cause  a  hydrolysis  of  some  of  the  fat, 
with  the  formation  of  glycerine  and  the  corresponding  fatly  acids. 
It  is  |)^>ssibk^  howevr*r,  that  in  such  cases  the  lipase  is  funii.shrd 
by  regurgitation  of  the  duodenal  contents  into  the  stomach  and 
is  not  formed  by  the  gastric  glands.  Regarding  the  proteiiw.  tk 
practical  point  of  interest  is  as  to  how  far  they  are  digested  during 
their  stay  in  the  stomach.  It  seems  probable  that  this  question 
does  not  admit  of  a  ('ategt)rical  answer — that  is,  the  extent  of  tbf 
digestion  varies  under  different  circumstances;  with  the  ronsii^t- 
ency  of  the  food^  the  duration  of  its  stay  in  the  stomach,  etc.  In 
some  experiments  reported  by  Tobler  it  is  stated  that  48  per  cent 
of  a  given  amount  of  protein  passed  through  the  pylorus  as  pep- 
tones or  proteoses,  a!)out  20  pt*r  cent,  entered  the  intestine  un- 
digestetl,  and  20  to  30  per  cent,  was  absorbed  from  the  atoniadt- 
In  the  liquid  material  (chyme)  forced  through  the  pylonw  io*<> 
the  duodenum  one  may  find  unchanged  proteins,  priman'  or 
secondar>^  I)roteoses,  peptones,  or,  possibly,  cleavage  products  be- 
yond this  stage.  It  is  stated,  however,  that  most  of  the  maten^ 
is  in  the  form  of  proteoses  (London).  The  true  value  of  p<^p***^ 
digestion  is  not  so  much  in  its  own  action  as  in  it«  combined  a<'t«>n 
with  the  trj'psin,  or  the  trypsin  and  erepsin  found  in  the  intestine. 
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Tlie  prciiminary  digestion  in  tlie  stouuich  is  important  as  n*ganl>^ 
the  protein  foods  from  several  standpoints:  First,  in  the  matter  of 
raectianieai  preparation  of  the  food  and  its  discharge  in  convenient 
quantitien  easily  handled  by  the  duodenum.  Second^  in  the  mon^ 
or  less  eoniplete  hydrolysis  to  peptoMes  and  prtjteortes,  whereby 
the  Subsequent  action  of  the  proteolytic  enKVines  of  the  intestine 
must  Ix*  greatly  accelerated.  Itideed*  in  some  eases,  this  prelinii- 
nar>'  aetion  of  the  pt^p^in-hydrochlonc  acid  may  Im*  ab,solutely  neces- 
sary. Nati%'e  proteins,  sueh  as  serum-albumin,  are  not  acted  upon 
by  trypsin,  but  if  submitted  to  pepsin-hydrochlorie  acid  tht^y  are 
quickly  digested  by  this  enzyme.  These  and  other  facts  seem  to 
indicate*  that  the  peptic  digestion  is  not  so  much  an  end  in  itself  as  a 
preparation  for  subsequent  intestinal  tlif^estion.  The  stomach, 
therefore,  may  be  rcn^oved  vvith<iut  a  fatal  result.  Several  cases 
are  on  reconi  in  which  the  st^nnacli  was  practically  removed  by 
surgieal  operation,  the  esophap;ijs  being  stitched  t^"*  the  duodenum.* 
The  animals  did  well  and  seemed  perfectly  normal,  although  special 
precautions  were  necessary  in  the  matter  of  feediuK. 

Absorption  in  the  Stomach.— in  the  stomach  it  is  possible  that 
there  may  be  abstjrption  of  tlie  following  substances:  Water,  salts; 
sugars  and  dextrins  that  may  tiave  been  formed  in  salivary  digestion 
from  starch,  or  tliat  may  have  been  eaten  as  such;  the  proteoses  and 
peptones  formed  in  the  j>eptic  tli^estioa  of  proteins  or  alliimiinoids. 
In  addition,  absorption  of  soluble  or  Utpiid  substances — drugs, 
alcohol,  etc.,  tliat  have  been  swallowed — inay  occur.  It  was  formerly 
assumed,  without  definite  proof,  that  the  stomach  aljsorbs  easily 
such  things  as  water,  salts,  sugars,  and  jjeptones.  Actual  experi- 
ments, however,  made,  under  conrlitions  as  nearly  noniial  as  possible, 
show,  upon  the  whole,  that  absorption  does  not  take  place  reatlily 
in  the  stomach — certainly  nothing  hke  so  easily  as  in  the  intestine. 
The  methods  made  use  of  in  these  exjx?riments  have  varieii,  but  the 
most  interesting  results  have  I)een  obtained  by  establishing  a  fistula 
of  the  duodenmn  just  lieyond  the  pylorus,  f  After  establishing  this 
fistula  food  may  be  given  to  the  animal  and  the  contents  of  tlie 
stomach  as  they  pass  out  through  the  pyloric  opening  may  be 
caught  and  examined. 

Water, — flxperiment^  of  the  character  just  described  show  that 
water  when  taken  alone  is  practically  not  absorbed  at  all  in  the 
stomach.  V^on  Mering's  experiments  especially  show  that  as  soon 
as  water  is  introduced  into  the  stomach  it  begins  to  pass  into  the 

•  Ludwip  and  ORata,  "Arohiv  f.  Physiolope,"  1S83,  p.  89;  Carvallo  and 
PachoD,  "Archivert  dv  pliyrtioloKH"  norm,  ct  path.,"  1894,  p.  106. 

t  Comptire  von  Mexiiijc,  '*VVrtiundl.  des  CongreHftes  f.  innerc  Med.,"    12, 
471.  1893;  EdkiriH,  "Journal  of  Physiology,"  13,  44.5,    1S92;  Urandi,  "Zeit- 
(tchrift  f.  BioK^gie,"  29,  277,  1S92;  London,  *'Zcitschrift  f.  physiol.  Chemie," 
«)2,  44*3,  19(19, 
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intestine,  being  forceil  out  in  a  series  of  spurts  by  the  contractions  of 
the  stomach.  Within  a  comparatively  short  time  pracUcally  aU 
the  water  can  be  recovered  in  this  way,  none  or  very  little  ha^ing 
been  abscirhed  in  the  sUjnmch.  For  exajnple,  in  a  lanie  dojf  tIiIi  « 
fistida  in  the  dxiodenuni,  5(M>  c,c,  of  water  were  given  through  the 
month.  Witliin  t\vent}'-five  minutes  405  c.c.  had  been  forced  outol 
the  stomach  through  the  tluodenal  fistula.  This  result  »  not 
true  for  all  licjuids;  alcohol,  for  example,  is  absorbed  readily. 

Snlts. — ^The  absorption  of  salt^s  from  the  stomach  has  not  bea 
investigated  thorouglily.  Ac<rording  to  Brandl,  sodiuni  iodid  c 
absorbed  very  slowly  or  not  at  all  in  dilute  solutions.  Not  until  iti 
solutions  reach  a  concentration  of  3  per  cent,  or  more  does  its  ahflorjy 
tion  become  important.  This  result,  if  appUc^ble  to  all  the  soluble 
inorganic  salts,  would  intiicate  that  under  oniinar>'  conditions  they 
are  practically  not  absorlied  in  the  stomach,  since  it  can  not  hesuj^ 
posed  that  they  are  normally  swallowed  in  solutions  so  coneentralai 
as  3  per  cent.  In  the  siime  direction  Meltzer  reporta  that  solulioM 
of  strychnin  are  absorbed  with  difliculty  from  the  stomach  ascoflh 
pared  with  the  intestines,  rectiun,  or  even  the  phar>'nx.  It  is  said 
that  the  absorption  of  sodium  iodid  is  ver>'  much  facilitate!  hy 
the  use  of  condiments,  such  as  mustard  and  pepper,  or  alcohol, 
which  act  either  by  causing  a  greater  congestion  of  the  muooui 
membrane  or  perhaps  by  dirently  stimulating  the  epithelial  wlk 

Sugars  and  Pepioms. — In  regard  to  the  supars  the  exp<Tiinenti 
of  von  Merinjj  and  Brandi  indicate  that  while  absorption  uktf 
place  it  is  not  rapid  nor  marked  unless  the  solutions  are  quit* 
concentrated  (5  per  cent.),  and  we  may  infer,  therefore,  that  in  an 
orrlinary  nieal  the  su^ar  formed  from  the  starchy  foods  by  Uie 
action  of  the  ptyalin  18  passed  on  to  the  intestine  for  further  «li|i;«fr 
tion  and  absorption.  Whether  or  not  any  of  the  digested  proteim 
are  absorbed  from  the  stomach  has  been  and  still  is  a  matter  of 
controversy,  ^oine  of  the  older  experimenters  stated  ll»at  w 
much  as  20  to  30  per  t'cnt.  of  the  protein  of  a  meal  might  bn 
absorlx*d  in  the  stomach,  but  the  results  of  the  more  recent  work. 
on  the  contrary,  indicate  that  little  or  no  abs<jrption  taki^s  pliw* 
under  normal  conditions,*  When  a  definite  amount  of  protein  wtf 
introduced  into  the  stomach  of  an  experimental  animal  it  could 
all  ho  recovered,  as  estimated  by  nitrogen  determinations,  from* 
duodenal  fistula. 

Fats. — As  we  have  seen,  fats  probably  undergo  no  dip«tivr 
changes  in  the  stomach.  The  processes  of  saponification  and  I'tnul- 
sification  are  supposetl  to  be  preliminary  steps  to  al>sorption,  w« 
these  proces.ses  take  place  usually  after  the  fatjj  liave  reached  ik 
small  intestine. 

*  London,  loc.  cU. 


CHAPTER  XLin. 
DIGESnON  AND  ABSORPnON  IN  THE  INTESTINES. 

The  food  undei^goes  its  most  profound  digestive  changes  in  the 
intestines,  and  here  also  the  products  of  digestion  are  nminly  ab- 
sorbed. The  intestinal  digestion  l>egins  in  the  duwlenum^and  is  largely 
completed  by  the  time  that  the  food  arrives  at  the  ileocecal  valve. 
It  is  effected  thnnigh  the  combined  action  of  three  secretions, — ^the 
pancreatic  juice,  the  secretion  from  the  intestinal  glancis  (succus 
entericus).  ami  the  bile.  These  secretions  are  mixefl  with  the  food 
from  the  duodenum  on,  sf»  that  their  action  proceeds  sinudtaneously. 
For  purjK>se8  of  description  it  is  necessiiry  to  s|.)eak:  of  each  mt>re  or 
leas  separately. 

The  Pancreas. — ^The  pancreas  forms  a  long,  narrow  gland  reach- 
ing from  the  spleen  to  the  curvature  of  the  duodenum.  Its  main 
duct  in  man  (duct  of  Wirsung)  opens  into  the  dumlenmii,  together 
with  the  conunon  bile-duct^  about  S  to  10  cms.  beyond  the  pylonia. 
The  points  at  which  the  duct  or  ducts  of  the  pancreas  enter  the 
intestine  vary*  somewhat  in  different  mammals.  In  the  dog  there  are 
two  chief  ducts,  one  opening.  tofTother  with  the  bile-riuct,  about  3  to 
5cm.  below  the  pylorus,  while  ;i  se(*oml  ertters  the  (Uiorlenuni  s^une 
3  to  5  cms,  farther  down.  In  rabbits  the  princijjal  pancreatic  duct 
opens  separately  into  the  duodenum  alxtut  35  cjus.  l»elow  the  opening 
of  the  bile-duct.  The  pancreas  is  a  coinjx>und  tubular  gland  hke 
the  8alivar\"  glands.  The  cells  lining  the  secreting  jxirtion  of  the 
tubules,  the  alveoli,  belong  Uy  the  sen>uH  or  albuminous  type.  They 
are  characterized  by  the  fact  that  the  outer  j)ortion  of  each  cell  is 
composed  of  a  clear,  non-granular  material  which  at-ains  readily, 
while  the  inner  portion,  the  portion  facing  the  hmrien,  contains 
numerous  granules.  Histological  stutly  of  the  gland  after  active 
secretion,  as  compared  with  the  resting  state^  has  shown  verv'  con- 
chisively  that  these  grarudes  represent  a  preimratory  material  for 
secretion.  As  the  secretion  proceeils  the  granules  are  dissolved 
and  discharged  into  the  lumen,  while  during  tlie  periods  of  rest  new 
granules  are  fonned  by  metal>olic  pnK-esses  at  the  expense,  appar- 
ently, of  the  non-granular  material  in  the  })asal  portion  of  the  cell, 
(Heidenhain.  Kiihne,  I>ea).  The  histological  picture  of  secretion 
is  in  general  the  same  in  this  as  in  the  salivar>^  and  gastric  glands, 
only  somewhat  more  distinctly  shown.  On  the  supfiosition  that  the 
granules  constitute  an  antecedent  material  from  wliich  the  enzymes 
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of  the  secretion  are  formed  they  are  frequently  designated  as  nino- 
gen  ^anulcs.     The  pancreas  contains  also  certain  p>ecu!iar  groufwof 
cells,  the  islands  (or  bodies)  of  Langerhans.     These  cells  probablv 
Iia\e  nothing  to  do  with  the  (li.2;estive  activity  of  the  p 
Their  supposed  function  is  referred  to  in  the  sections  on  \    ■ 
Secretions  and  Nutrition. 

Composition  of  the  Secretion. — ^The  pancreatic  secretion  iaw 
alkaline  li<.{uid  wliicli  in  some  animals  is  thin  and  liinpid.  in  othen 
thick  and  g!air\'.  The  secretion  in  man  l)eIongs  to  tlie  fonwr 
type;  it  is  described  as  water-clear  and  as  lia\ing  a  specific  gra\'ity(rf 
1.0075.  The  secretion  may  be  colipcted  by  opening  the  alxlomwi 
and  inserting  a  cannula  directly  into  the  duct,  or  a  permantait 
fistula  may  be  made  hy  the  method  of  Pawlow.  This  method, 
applicalile  to  the  dog,  consists  in  cutting  out  a  small  portion  of 
the  duodenum  where  the  pancreatic  duct  oj3ens  and  then  auturing 
this  piece,  the  raucous  membrane  outward,  into  the  abdominal 
wall.  The  secretion  in  thisciuse  pours  out  upon  the  exterior  and  miiT 
be  collected.  The  animal »  however,  stiffers  nutritive  disturhanrts 
from  the  loss  of  the  secretion,  and  rer|uire8  careful  dieting  and  alta- 
tion.  The  secretion  of  the  human  pancreas  has  been  collected  la 
several  cases  in  which  it  was  necessar>'  to  drain  off  the  piinnrfatir 
juice  to  the  exterior.  From  tlie  observations  made  in  onecwi^'it 
appears  that  the  secretion  in  man  is  quite  abundant,  amount- 
ing to  500  to  800  c.c.  per  day.  In  the  cow  (Delezenne)  from  1}  to2 
liters  may  be  collected  in  the  course  of  a  day.  The  sorretion  pos- 
sesses a  strong  alkaline  reaction,  due  to  the  presence  of  sodium 
carbonate;  it  also  contains  a  small  ariHuint  of  coagulable  prot«n 
and  a  number  of  organic  substances  in  traces.  The  iuiportAnt 
constituentSf  however,  are  three  enzymes  or  their  zymogens- 
namely,  trjqjsin.  a  proteolytic  enzynie;  pancreatic  diastase  (amji- 
ase),  an  amylolytic  enzyme;  and  lipase  (steapsin),  a  lipolytic 
enzyme.  Some  authors  state,  also,  that  the  secretion  contaittfa 
rennin  enzynie.  Glaessner  reports  that  he  got  no  evidence  of  thi> 
last  enzyme  in  human  pancreatic  juice. 

Secretoiy  Nerve  Fibers  to  the  Pancreas. — The 
receives  its  nerve  supply  immediately  from  the  celiac  plexuB, 
stimulation  of  the  nerves  going  to  this  plexus — namely,  the  splanri 
nics  and  the  vagi — have  given  negative  results  in  the  hands  of  mort 
observers  so  far  as  the  pancreatic  secretion  is  concerned.  Pawlowf 
and  his  coworkers  claim  to  have  been  more  successful.  Mechanical 
stimulation  or  electrical  stimulation  of  the  vagus  or  splanchnic  pw 

♦See  Glaoesner,  "Zt'il^chrift  f.  phvsiol.  Chemie,"  40,  465.  1903.  A^ 
Wohlgemuth,  "Biochcm.  Zeitschrift.*^  3».  302.  H)12. 

t  For  recent  work  upon  the  pancreas  and  the  literature  see  Purte*' 
"The  Work  of  the  DiRcative  Cllands."  translation  by  Thompson.  1902;  B»r 
liss  and  Starliaa,  "Journal  of  Physiology,*'  30,  61,  1904;  Walter,  '*\xtti^ 
dee  9cienc«ti  biologiques,"  7,  I,  1899. 
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1    them  a  marked  flow  of  pancreatic  juice,  but  when  the  latter  form  of           ^^H 
stimulus  was  used  upon  t)ie  splancluiic,  it  w:is  necessary  to  cut           ^^H 
the  nerve  some  days  previously  in  order  that  the  vasoconstrictor           ^^H 
fibers  might  degenerate.     The  secretion  provoked  by  stimulation           ^^H 
of  the  vagus  is  more  easily  obtained  when  the  stimulus  is  applied            ^^H 
to  the  ncrvn  in  the  thorax  below  the  origin  of  the  branches  to  the            ^^H 
neart.     The  secretion  obtained  upon  stimulation  of  the  nerves            ^^H 
is  characteriKed,  as  in  the  case  of  the  ga.stric  glands,  by  a  long            ^^H 
latent  period  of  some  minutes, — a  fact  that  is  explained,  although           ^^H 
not  satisfactorily,  on  the  assumption  that  the  nerve  trunks  stimu-           ^^H 
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meal  of  bread  alone  than  after  a  meal  of  meat  alone.  It  seem 
possilije  that  the  littler  point,  the  time  at  which  the  maximum  fln« 
is  reached,  may  depend  upon  the  difference  in  rate  at  which  thee 
foods  are  ejected  from  the  stomach.  Cannon  (p.  723)  has  ehowii  that 
the  carbohydrate  foods  leave  thestomacli  sooner  than  the  proleirteOf 
fats.  It  is  statetl,  however,  that  the  composition  of  the  secrclioa 
varies  also  with  the  character  of  the  food,  and  indeed  vshows  an 
adaptation  to  the  rliara<!t^T  of  the  food.  The  secretion  caused  bj 
protein  food  is  especially  rich  in  trypsin,  that  caused  by  fatty  food 
in  lipase,  etc.  The  mecfianism  by  which  this  adaptation  is  aeciind 
is  not  understood.  Glaessner*  has  measured  the  rate  of  flow  in 
man,  and  Iiis  cune  for  a  mixed  diet  is  represented  also  (in 
red)  in  Fig.  29(i.  I'liese  cun-es  indicate  in  general  that  theaecretioD 
of  pancrcatic  juice  l>egins  ver}'  soon  after  food  entera  the  stomach, 
and  increases  rapidly  to  a  niaxinium,  which  is  reached  sunicwhere 
between  the  second  and  fourth  hour.  According  to  Glacssocf's 
case,  there  is  a  continuous  small  secretion  of  the  juice  during  fatt- 
ing. The  obsen-ations  on  dogs,  on  the  contrarv',  indicaU;  m 
entire  cessation  of  the  flow  when  the  stomach  is  empty. 

Uoldirefff  has  reported  a  very  curious  activity  of  the  digectttx'e  otpia 
durinp  fasting.  It  st>erns  that  (in  dop)  when  tl»e  st^rtiiach  or  even  the  Mtiifl 
intcs>!tuic  is  empty  the  entire  gaiftro-mtestlnal  canal  exhibits  neriiMlical  out* 
breaks  of  activity,  which  occur  at  intervals  of  two  liours  tuid  Ittst  for  iwwitr 
to  thirty  niinnt^is.  During  this  Kttif^  the  j^toniach  nnd  int<¥itinw  exhWA 
movcntciit*,  and  there  is  an  abim<Iant  secretion  of  pancreatic  juice,  Mle, »C(J 
iiite~stinal  juice,  which  i.s  subsefiuently  abtiorl)ed.  Acids  inlrodnrt^i  imo 
the  stomach  or  iiitentines  prevent  the  occurrence  of  these  penods,  and  Itiry 
arc  absent,  therefore,  as  long  as  the  efomach  contains  fpirtric  juice.  TW 
author's  sumi^cstion  that  the  Hecretions  thu:*  fonned  furnish  act-ive  euiyipa 
which  are  a&ori>e<l  into  the  blood  and  utiHzed  by  the  tissues  in  d«i4n!)rio| 
tlie  ne\\Iy  aKsorbe<l  fotxi  does  not  commend  itself  as  probable. 

Normal  Mechanism  of  the  Pancreatic  Secretion — Secretin. 

— Much  light  was  thro\\Ti  upon  the  mechanism  of  j^ncreatic  set'ivtioo 

by  the  disrovorv  (iJolinsk}',  1S95)  that  acids  brought  into  contitft 

with  the  mucous  membrane  of  the  duodemmi  set  uj>  pmniptly  i 

secretion  of  jwincreiitic  juice.     Since  this  discover^'  it  has  Ixvu  I*- 

lieveil  that  the  acid  gastric  juice  is  the  means  tiiat  serves  to  inauguwie 

the  flow  from  the  pancreas.    As  soon  as  any  of  the  acid  cont^ts  of 

the  stoinat'h  pass  through  the  pylorus  this  action  l>egin8.    Just  wtltf 

chewitij^  and  swjillr^wing  of  the  food  initiate  the  gastric  secrttioD.v 

the  ai'id  of  the  latter  starts  the  pancreatic  secretion.    Aflsuiiii»^ 

that  the  jiaufanitir  gbad  pocssesses  secretorj'  fibers  it  was  thought** 

first  that  the  acid  acts  reflexly  through  these  fibera — that  b,  thcw"^ 

in  the  duodenum  .icting  upon  sensory  endinp:«  causes  a  reflex  stiniii" 

latioii  of  the  efferent  secretorj^  fibers.     It  has  l)ecn  shown,  however. 

that  the  same  effect  takes  place  after  section  of  the  vagus  ftO^ 

♦  Glaessner,  loc.cii, 

t  Boldireff,  *'  Archives  des  sciences  biolo^ques, "  II.  1 ,  1005. 
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spiunchnic  nerves  (Popielski),  and  Bayliss  and  Starling  *  have  called 
attention  to  another  more  probable  explanation.  Those  authors  find 
that  if  the  mucous  membrane  of  the  duodenum  (or  jejumuii)  Is 
scnipeil  off  and  treatetl  with  acid  (0.4  per  cent.  HCl)  the  extract 
thus  made  when  injected  into  the  blood  sets  up  an  active  secretion  of 
pancreatic  juice.  They  have  shown  that  i\ns  effect  is  tluc  to  a  special 
substance,  secretin ,  whicli  is  formed  by  the  acti(jn  of  the  aciii  upon 
some  substanne  (proserretin)  present  in  the  mucous  nienibrane. 
Secretin  is  not  an  enzyme,  since  its  acti\ity  is  not  destroyed  by  boil- 
ing nor  by  the  action  of  alcohol.  The  expefimcnial  evidence  at 
present  favor*:  the  view  that  the  normal  sequence  of  events  is  as 
follows:  The  acid  of  the  ^iustric  juice  Ufxm  reaching  the  ihKxlcnum 
pro<hices  secretin;  this  in  turn  is  absorbed  by  the  bloocl,  carrie<l  to 
the  pancreas,  and  stimulates  this  organ  to  acti\ity.  The  pan- 
creatic secretion  furnishes,  therefore,  a  second  example  of  the  group 
of  sub-stances  designated  by  Starling  as  hormones  (p,  776),  Accord- 
ing to  the  evidence  at  present  in  our  ]K»sse.ssion  we  must  believe 
that  the  pancreatic  secretion,  like  the  gastric  secretion,  consists 
of  two  parts:  I,  A  nm'ous  secretion  caused  by  the  secretory 
fibers  in  the  vagus  and  splanchnic;  2,  a  chvvtirnl  secreiion  due  to 
the  action  of  tlie  secretin.  These  twt)  secretions  are  said  to 
present  quite  different  characters, t  The  former  is  thick,  o()ales- 
ccnt,  rich  in  ferments  and  [)ruteins,  hut  paor  in  alkalies.  The 
trypsin  containe<i  in  it  may  be  setTcted  in  active  U>vm,  and  the 
secretion  is  suspended  l>y  the  action  of  atropin.  Adfoinistration 
of  piUicarpia^on  thecimlrary.  excites  tliis  secretion.  The  chemical 
secretion,  ttn  the  contrary,  is  thin  and  watery,  contains  relatively 
little  ferment  or  proteins,  aufl  is  rich  in  alkali.  The  trpysin  in 
it  is  secreted  h\  inactive  form  (see  next  para^'aj^lO,  and  the 
secretion  is  not  alfected  i>y  tbe  admirustvation  of  atropin.  The 
normal  relatifin  of  tluwe  two  forms  of  secretion  tn  an  ordinary 
meal  b  not  so  apparent  as  in  the  case  of  the  gastric  secretion,  but 
will  doubtless  l»e  made  dear  Ijv  sultserjuent  work. 

Activation  of  the  Trypsin— Enterokinase. — It  was  discovered 
in  Pawlow's  laboratory  ^ChepttwahiikowJ  that  the  pancreatic  juice 
obtained  from  a  fistula  may  have  little  or  wu  digestive  action  on 
proteins,  but  if  brought  into  contact  with  the  duodenal  membrane 
or  an  extract  of  this  membrane  it  shows  at  once  powerful  pro- 
teol3''tic  ]>ro|>erties.  This  discovery  has  been  I'otdirmed  rcpcatctily. 
Evidently  the  proteolytic  enzyme  of  tlie  juice  is  secreted  in  a 
zymogen  or  pro-«nzynie  form  (trypsinogen),  which  is  activated  or 
converted  to  trypsin  by  something  contained  in  the  mucous  mem- 

♦  Bayliss  ami  Starlinir,  **  Jcmrnal  iif  Physiologj',"  *2S.  2.15,  1902. 
tSawitttch,  "Zentralblatt  f.  d.  ges.  Pliysiol.  ii.  PalUol.  d.  Stoffwechsels," 

10,  1;   190U. 
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brane  of  the  small  intestine  (duodenum,  jejunum).  This  something 
Pawlow  supposed  Is  an  enzyme,  anil  since  its  action  is  on  another 
enzyme,  **a  ferment  of  fermentsj "  he  designated  it  as  a  kinase 
or  enterokinase.  The  action  of  the  enterokinase  is  very  prompt 
and  decided  and  was  supposed  to  be  specific^  but  later  obserx'ers 
(Delezenne-Zunz)  state  that  an  inactive  pancreatic  secretion 
may  be  activated  by  a  number  of  salts,  especially  those  of  calcium 
and  magnesium.  The  physiological  value  of  this  very  interesting 
r*jlation  is  not  clear,  hut  it  seems  possible  that  it  may  serve  to 
protect  the  living  tissues  from  the  powerful  digestive  action  of 
the  trypsin.  The  other  enzymes  of  the  pancreatic  juice,  the 
diastase  and  the  lipase,  are  secreted  in  part,  at  least,  in  active 
form. 

The  Digestive  Action  of  Pancreatic  Juice. — The  digestive 
action  of  the  secretion  depends  upon  the  three  enzymes,  tn-psb, 
diastase  (amylase),  and  lip:i.se.  The  specific  effects  of  each  may 
be  considered  scfJnr.-Ltely. 

Action  oj  Trifpsin. — The  activated  trypsinogen  causes  hydrol3't.ic 
cleavage  of  the  prtrtein  molecule  in  a  manner  analogous  to  that 
descTil>cd  for  pepsin.  Its  action  differs  from  that  of  pepsin,  however, 
in  several  respects.  It  attacks  the  protein  in  aeutral  as  well  as  in 
slightly  ariil  or  marke<lly  alkaline  sohitions.  Its  effect  upon  the 
protein  is  moro  rapid  and  [powerful  than  that  of  pepsin  and  the 
protein  molecule  is  broken  up  more  conipictely.  As  was  said  in 
describing  the  action  of  pepsin,  it  and  the  trypsin  really  act  in 
series — the  change  begun  by  thr  pepsin  is  completed  by  the  tr>'p- 
sin.  The  preliminnry  action  of  the  pepsin  not  only  hiustcns  that  of 
the  trypsin,  but  to  some  extent  altei*s  it;  a  protein  subniilied  first 
to  pejjsin  and  then  to  trj^psiii  is  more  conij)letely  broken  up  than  if 
the  trypsin  acted  alone.  The  steps  in  the  hydrolysis  of  the  protein 
molecule  by  trj'psin  have  been  the  subject  of  a  ver}'  great  amount  of 
study,  and  views  as  to  the  details  have  changed  somewhat  from 
time  to  time.  It  would  setmi  that  the  tr>'psin,  like  the  pepsin. 
hydrolyzes  the  simple  proteins  first  to  a  proteose,  and  then  to  a  pep- 
tone stage,  but  the  latter  product  may  be  split  still  further  into  a 
variety  of  simpler  bodies,  the  number  and  character  of  which  dt*- 
peml  on  the  amount  of  trypnin  ami  the  time  that  it  act^.  After 
a  prolonged  pancreatic  digestion  no  peptone  or  poptone-likc 
twdy  can  be  found;  in  fact,  no  substance  which  gives  a  biuret  reac- 
tion. Under  such  conditfons  the  protein  molecule  is  broken  up  very 
completely  into  a  great  numIxT  of  smaller  molecules,  many  of 
which  have  been  identified,  while  some  have  as  yet  escaped  dt»- 
tection  so  far  as  their  chemical  structure  is  concerned.  The  actual 
products  formed  depenil  on  the  length  of  time  the  trj'psin  is  allowed 
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to  act  and  the  conditions,  favorable  or  unfavorable,  undtT  which  it 
acts.  The  end-products  usually  olftnincd  inosl.  easily  are  tyrosin, 
leucin,  aspartic  acid,  glutaniinic"  acui,  tryptophan,  lysin,  arpnin^ 
histidin.  The  first  two  of  these  substances  have  been  known  for  a 
long  time  and  may  be  obtained  easily  in  ciystalline  form  from 
pancreatic  digestions.  If  the  trj'psin  is  allowed  to  exert  its  com- 
plete action  upon  the  protein,  the  entl-products  are  closely  similar 
to  those  obtained  by  lK>ilin>;  protein  with  acida.  The  liydrolysia 
caused  by  the  acids  antl  by  the  trypsin  seerns  to  Ix*  nearly  iilentical, 
although  that  caused  by  the  acids  is  probably  more  complete  and 
perhaps  is  att-endeil  by  secondary  reactions.  The  numerous  prod- 
ucts obtained  by  this  complete  hydrolysis  consist  chiefly  of  amino- 
acids — that  is,  organic  acids  containing  one  or  more  amirungroups 
(NHj)  in  direct  union  with  carbon.  Most  of  them  are  monamino- 
aeids,  that  is,  contain  one  NH^  group,  and  this  group  is  united  with 
the  carbon  occup>ing  the  alpha  position.  The  nitrogen  of  the 
protein  molecule  appears  in  the  split  products  chiefly  as  amino- 
acids^  but  hi  small  part  as  ammonia. 

A  Hat  of  tlie  known  amino-acids  obtained  from  proteolytic 
cleavage  of  the  protein  molecule  is  appended.  For  a  more  ci>m- 
plete  description  of  their  properties  and  chemical  rt^lationships 
reference  must  he  ma<Ie  to  text-lK>oks  on  physiological  chemistr>\ 
With  regard  to  the  nomenclature  used,  it  will  be*  borne  in  mind 
that  the  various  carbon  atoms  in  the  straight  chain  of  the  fatty 
acids  are  designated  by  Greek  letters  that  indicate*  their  |>osition 
in  relation  to  the  carboxyl  (COOHj  group,  as  may  be  illustrated 
by  the  formula  for  caproic  acid: 

CH,    CH,    CHj    CH,    CH,    COOH 

e  A  Y  ^  a 

I.     Amino-ac!ds  op  the  Fatty  Acid  (Auphatic)  Series. 

1.  GlycocoU  or  glycin  (amino-acetic  acid): 

CHiNH/:OOH. 

2.  A]amn  (a-aminopropioniV  acid): 

CHaCHNHjCOOH. 

3.  Serin  (tt-amiiio-^-ox>'propionic  acid): 

CHrf)HCHNH,CtX^H. 

4.  Cystein  (a-amino-^-thioprnpionic  ncid): 

CH^SHCUNHiCOOH. 

5.  Vi&lin  (a-amiuo-ifioprapiuatc  acid) : 

CH.. 

>CHCIlNn,COOH. 
CH,/ 
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6.  Leucin  (a-amino-isobutylpropionic  acid) : 

CH,. 

>CHCH:CHNH,COOH. 
CH,/ 

Two  other  isomeric  forms  of  this  compound  have  been  obtained  from  the 
split  products,  namely: 

Isoleucin  (methyl-ethyl  a-aminopropionic  acid): 
>CHCHNHKX)OH. 

Normal  leucin — ^norleucin  (a-aminocaproic  acid) : 
CH,CH,CH,CH,CHNH,COOH. 

7.  Aspartic  acid  (aminosuccinic  acid) : 

COOHCHNHtCHiCOOH. 

8.  Glutaminic  acid: 

COOHCHNH.CH,CH,COOH. 

9.  Lysin  (a-e-diaminocaproic  acid): 

CH,NH,CH,CH,CH,CHNHiCOOH. 

10.  Arginin  (guanidin  a-aminovalerianic  acid): 

C=NH 
^NHCH,CH^H,CHNH,COOH. 

II.     Amino-acids  Containing  a  Benzene  (Homocyclic)  or  a  Hetero- 
cyclic Nuclei's. 

Thoso  compoun<ls  may  ho  rogar(io<l  as  a-aminopropionic  api(ls  in  which  a 
hydropcn  attached  to  tlic  ^-c^arbon  atom  is  sab.stituted  by  a  benzene,  an  indol, 
or  an  imidazol  grouj). 

1.  Phcnylaianin  (a-amino-^-phenylpropionio  acid): 

CrJUCHoCHNHiCOOII,  or 
H 

HC        CH 

I  II 

HC      cn 

C  .  CHiCHNHXXX)!!. 

2.  T>TOHin  (o-amino-/3-para-oxyphenyIpropionic  acid) : 

C,H40HCH2CHXH2C(X>H,  or 
OH 

^^\ 
HC        CH 

I  II 

HC        CH 
%    / 
C  .  CH,CHXH,C()OH. 


4.  Histidin  (a-amm(H3-imtdazolpropionic  acid) 


in.     The  Pyrkijl  Sekiss. 

1.  Prolin  (a-pyroUjditi  carbttxylir  arid): 

H,C ClU 

HiC        CHCOOH 

2.  Oxyprolin  (oxj'pyroUidin  carboxylic  acid) : 

HOHC CHj 

H»C        CHCOOH. 

\/ 
NH 

The  Significance  of  Tryptic  Digestion. — It  was  formerly 
supposnl  that  ([)»■  <d)jcct  of  [K'ptic  :iii<l  (nptit*  diKotniii  is  tu  con- 
vert ihv  iti^Holulilo  iuul  non-tlialyzahlo  prctteins  itit**  \\\v  siniplcr, 
more  soluble,  ami  riiure  ilifFusiblt'  peptones  and  proteoses.  In  this 
way  absorption  of  [irotoin  material  wius  explained.  This  view, 
however,  is  not  sutlicient.  On  tfie  one  hand,  it  has  ntjt  been  pos- 
sible to  prove  i'4}iK'liisivf*ly  (liat  jH'plones  or  |)rtM(H),ses  are  found  in 
the  l)loo«l;  on  tfie  other  hand,  a  better  kiiuwledj^e  of  tlie  processes  of 
tryptic  or  of  tryptio-ereptic  dijrestion  has  shown  tliiit  thi^  hydrolysis 
does  not  stop  nt  the  peptone  staj^e;  the  protein  molecule  is  hydro- 
lyze<i  still  further  with  tlie  production  of  simpler  molecules.  At 
present  rlifferent  views  exist  as  to  the  extent  of  this  latter  process. 
Some  believe  that  the  protein  molecule  is  entin*ly  broken  down  into 
its  so-called  building-stones,  that  is,  the  various  amino-acids,  de- 
scribed on  the  preeedinR  page.  This  view  is  supported  by  the  dis- 
covery of  the  existence  of  the  enzyme  erepsin  (see  below)  in  the 


796 


PHYBIOIiOGT   OP  DIGESTION   AND   BECREnON. 


intestinal  mucosa.  The  action  of  this  latter  enzyme  is  exertd 
espi'cially  upon  the  albumoses  and  peptone.s,  breaking  thcni  duwn 
into  the  aniino-acids,  so  that  apparently  wliatever  peptour  i>r 
albuniose  may  escape  the  final  action  of  the  trypsin  liefore  alw>r)> 
tion  is  likely  to  be  acted  upon  by  the  erepsin  before  rcachini?  tiw 
blood.*  Another  possible  view  is  that  sug>!:eated  by  Abderlmiilpti  t 
According  to  thi.*  author,  the  hydrolysis  of  the  protein  by  pepsia 
trypsin,  and  erepsin  is  not  nece.ssarily  complete.  Some  amint*- 
bodies,  such  as  tyrosin,  leucin,  arfrfnin^  etc.,  arc  spUt  off  from  tlip 
protein  molecule,  but  there  may  remain  behind  what  one  ma) 
call  a  nucleus  of  the  oriKiual  molecule,  which  serves  as  the stiulinir- 
point  for  a  sjTithesis.  This  nui'leus  is  a  substance  or  a  number  (/ 
substances  intennediate  l>etween  the  peptone  and  the  simpler 
end-pntduets,  and  is  spoken  of  as  a  peptid  or  polypeptid  l«e 
Appendix).  It  has  been  shown  that  in  trji>tic  di^e-stion  such  si»h- 
stances  are  formed — that  is,  substances  wliich  are  not  i)epton«. 
since  they  no  lonj^er  give  the  biuret  reaction,  but  which  have  a 
certain  complexity  of  structure,  since  upon  hydrolysis  with  adds 
they  split  into  a  numlx^r  of  ainino-acids.  But  bearing  in  miwl 
the  fact  thai  the  action  of  the  trypsin  is  normally  combine]  witit 
or  is  supplemented  by  that  of  the  erepsin,  it  seems  probable  that  in 
digestion  in  the  body  the  protein  molecule  is  broken  dowTi  conh 
pletely  to  its  building-stones.  The  value  of  this  complete  .Hpliitinr 
of  the  protein  of  the  h»od  lies  in  the  p(jssibility  that  thereby  liw 
body  is  able  to  construct  its  own  peculiar  tj-pe  of  protein.  Many 
different  kinds  of  proteiiLs  are  taken  as  food,  and  manj*  of  them  if 
intHKhnvd  dire<'tly  into  the  blood  act  as  foreign  material  incapable 
of  nourinhing  the  tissues.  If  these  proteins  are  broken  down  more 
or  less  completely  during  digestion,  the  tissue  cells  may  reconstrjct 
from  the  pieces  or  buikling-stones  a  form  of  protein  ad.iptaMcto 
their  needs,  and  more  or  less  characteristic  for  tliat  partirular 
organism.  Just  as  the  letters  of  the  alphabet  may  be  eombinwi 
in  different  ways  to  make  different  words,  so  the  various  amino- 
acitls  may  b<»  conihined  to  make  proteins  of  many  different  kiwi'- 
Action  of  the  Diastatic  Enzyme  (Amylase)  of  the  Panot- 
atic  Secretion, — This  enzyme  is  found  in  the  secretion  of  tbc 
pancreas  or  it  n»ay  l>e  extracted  from  the  gland.  Its  action 
upon  starchy  frnxls  is  similar  to  or  identical  with  that  of  ptyjilin. 
It  causes  an  hydrolysis  of  the  starrh  with  the  production  finally  of 
maltose  and  achroodextrin.  Before  absorption  these  substaniMt*;^^ 
further  acted  u|xjn  by  the  maltase  of  the  intestinal  secretion  :in»I 

•Vernon  ("Journal  of  Physiology,"  30,  330,  1904)  believ«  thai  tbr 
pancn-alic  secretion  contatnH  two  proteolytic  cnrvnnes — tnyR^in  prop^ 
whicli  convert^**  tlie  prot^'ins  to  peptones,  and  pancreatic  crcnsin,  wjjichbn**' 
Up  the  peptonofl  into  the  isiiupler  end-products,  the  amino-oodit«. 

t  AbderhuJtien,  loc.  cU. 


r converted  to  dextrose.  The  starchy  food  that  escapes  digestion  in 
the  mouth  and  stomach  becomes  mixed  with  this  enzyme  in  tlie 
duodenum,  and  from  that  time  until  it  reaches  the  end  of  the  lai^e 
intestine  conditions  arc  favorah[p  for  its  conversion  t^  maltose, 
Most  of  this  digestion  is  probably  completcil.  under  normal  con- 
ditions, Ijefore  the  contents  of  the  intestinid  cannl  reach  the  ileo- 
c^raJ  valve. 

Action  of  the  Lipolytic  Enzyme  ( Lipase ,  Steapsin), — ^The 
importance  of  the  pancrentic  secretion  in  the  digestion  of  fats  waa 
first  clearly  stated  by  Beniartl  (1849).  We  know  now  that  this  secre- 
tion cont:uns  an  active  enzyme  cajjable  of  bytlrolyzing  or  sajHjnifying 
the  neutral  fats.  These  latter  bodies  are  chemically  esters  of  the 
trihydric  alcohol  glycerin.  When  hydrolyzeil  they  break  up  into 
^'cerin  and  the  constituent  fatty  acid,  ""llie  action  of  lipase  may 
be  represented,  therefore,  by  the  following  reaction,  in  the  case  of 
palmitin: 

C^i.cCuH^COO),  -f  3H,0  -  C,H.(OH),  +  3(C„H^COOH) 

Wlien  lipase  from  any  source  is  added  to  neutral  oils  its  splitting 

Action  is  readily  recognized  by  the  development  of  an  acid  reaction 

due  to  the  formation  of  the  fatty  acid.     If  a  bit  of  freeh  pancreas 

is  added  to  butter,  for  example,  antl  the  mixture  is  kept  at  the  body 

temperature  the  hydrolysis  of  the  fals  is  soon  made  evident  by  the 

fancid  odor  due  to  the  butyric  acid  produced.     When  pancreatic 

jiiice  is  mixed  with  oils  or  liquid  fats  two   phenomena  may  be 

noticed:  first,  the  splitting  of  the  fat  already  referred  to,  and,  second, 

the  emulsification  of  the  fat.    The  latter  pmcess  is  ver\'  striking. 

An  oil  is  emulsified  when  it  is  broken  up  into  minute  globules  that  do 

not  coalesce.     Artificial  emulsions  may  be  made  by  vigorous  and 

prolonged  shaking  of  the  oil  in  a  viscous  solution  of  soap,  mucilage, 

etc.    Milk  xnay  be  reganle<i  as  a  natural  emulsion  that  separates 

slowly  on  standing,  as  the  fat  rises  to  the  top  to  form  the  cream. 

WTien  a  little  jiancreatic  juice  is  abided  to  oil  at  the  body  temperature 

the  mixture,  aft^^r  standing  for  some  time,  will  emulsify  readily  with 

ver>'  little  shaking  or  even  spontaneousl}'.     It  is  now  knowTi*  that 

the  emulsification  is  due  to  the  formation  of  soaps.    The  lipase  splits 

some  of  the  fats,  and  tlie  fatty  acid  lil>erated  combines  with  the 

alkaline  salts  present  to  form  8nai>s.     I'he  emulsification  produced 

under  these  conditions  Is  verv*  fine  and  quite  pemiunent,  and  it  was 

fonneriy  believed  that  the  fonnation  of  this  emulsion  is  the  main 

function  of  the  pancreatic  juice  so  far  as  fats  are  concerned.     It  was 

thought  that  in  the  fomi  of  fine  dn>plets  the  fat  nmy  be  taken  up 

directly  by  the  epit  helial  cellsof  the  villi,  and  this  view  was  supported 

•  See  Ratchford,  "Journal  of  Physiology,"  12,  27,  1891. 
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by  the  histological  fuct  that  during  the  digestion  of  fats  the  epithdi*! 
cells  may  be  shown  to  contain  tine  oil  drops  in  their  interior.  The 
tendency  of  recent  work,  however,  has  been  to  indicate  that  the  k\i 
are  completely  split  into  fatty  acids  and  glycerin  before  ab»rptioD, 
and  that  the  emulaification  may  be  regardetl,  from  a  physiolo^ 
standpoint,  as  a  mechanical  prefmration  for  the  action  of  the  lipase 
rather  than  as  a  direct  preparation  for  the  act  of  absorption.  Tin 
two  products  of  the  action  of  the  lipase,  the  glycerin  arul  the  taay 
acid,  are  arbsorljed  by  the  epithelium  and  again  combined  to  form 
neutral  fat.  It  is  very  probal>le,  moret>ver,  that  during  this 
synthesis  the  fatty  acids  are  combined  with  tlie  glycerine  in  juch 
proportions  as  to  make  for  the  most  part  the  fat  characteristic 
of  the  animal,  fat  of  a  high  melting-point  in  the  case  of  the 
sheep,  for  example,  and  of  a  lower  melting-point  for  the  io^ 
In  connection  with  this  fact  of  a  synthesis  of  the  split  products 
to  form  neutral  fat,  the  discovery  by  Kastle  and  Loeveaharl 
(see  p.  744)  that  the  action  of  lipase  is  reversible  assumes  much 
significance.  It  seems  quite  possible  that  the  same  enz\7ne  may 
cause  l>oth  the  splitting  of  the  fat  and  the  s>Tithe8is  of  the  ij»Iit 
products,  not  only  in  the  intestine  during  absorption,  but  in  the 
various  tissues  during  the  metabolism  or  the  storage  of  fat.  Upaae 
is  foimd  in  the  blood  and  in  many  tissues, — ^muscle,  liver^  mammanr 
(iliind,*  etc. — and  (hjrinp;  its  nutritive  historj'  in  the  l>ody  thefsl 
may  be  split  and  syntliesizt'<i  a  number  of  times.  In  this  connection 
it  is  interestinji;  to  note  that  the  process  of  split  t  ing  does  not  invnlvi* 
much  work.  Very  little  heat  is  liberated  in  the  process,  and  a  con 
resp<>ndingly  small  amount  of  energy  is  needed  for  the  sxTitbfisis-t 

The  lipase  as  fonued  in  the  pancreas  is  easily  destmyeil .  fspeciaDv 
by  acids.  For  this  reason  probal)iy  it  is  not  foimd  usually  in  simple 
extracts  of  the  gland  made  by  lalx)rator>'  methotls.  It  sliould  be 
added,  also,  that  the  action  of  this  enzyme  is  aided  ven- materially 
by  the  presence  of  bile.  This  latter  secretion  contains  no  lipase 
itself,  but  mixtures  of  bile  and  pancreatic  juice  split  the  neutial 
fats  nmch  more  rapidly  than  the  paiicreatic  juice  alone.  Th» 
elYert  is  now  explained  on  the  hypothesis  that  the  bile-aci<U  «' 
the  bile-acids  and  the  lecithin  either  activate  a  ywrtion  of  the 
lipase  which  is  in  the  state  of  a  proferment  or  play  the  part  of » 
coferment  {page  740). 

The  Intestinal  Secretion  (Succus  Entcricus). — ^'ITie  smaD 
intestine  is  lined  i^ith  tubular  glands,  the  crv'pts  of  Lielwrkuhfl. 
which  in  jmrts  of  the  intestine  at  least  give  rise  to  a  liquid  gecretionf 
the  so-called  intestinal  juice.  To  obtain  this  secretion  recourse  ^ 
been  had  to  the  operation  known  as  the  Thiry-Vella  fistula.    In  \^ 

•  See  Loevenhart,  "American  Journal  of  PhysioloKy."  6,  331.  IWZ 
t  Consult  Hersog,  **Zeitschrift  f.  physiol.  Chemie/*  37,  383,  1908. 
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oppration  a  small  portion  of  the  intestine  is  isolated  by  cutting 
through  the  intestinal  wall  at  two  pMjints  a  rertain  distance  apart. 
The   continuity   of   the   canal    is    rt^-estfiblislictl    by   appropriate 
suture^  while  the  piece  eut  out,  witli  its  blood  and  nervt*-supply 
intact,  is  given  an  op<^niiig  to  thr*  exterior  nt  on(*  or  hotli  ends  by 
suturing  to  the  abdominal  wall.     In  this  way  a  i^mnW  pouch  or  loop 
of  the  intestine  is  separated  from  the  rest  of  tlie  alimentary  canal 
and  is  so  arranged  that  its  secretion  can  be  obtained  through  the 
fistuloas  openings,  or  material    of   any  kind  ran    Ik*  introduced 
into  the  loop  and  \w  reinove<l  after  i\  given  time  to  determine  what 
absorption  has  taken  pla<*e.     The  st^cretion  from  these  lijops  is 
usually  said  to  be  small  in  quantity,  esixH*ially  in  the  jejunum. 
Pregl  estimates  that  as  nmeh  as  three  liters  may  be  formed  in  the 
whole  of  the  small  intestine  in  the  course  of  a  day,  but  this  esti- 
mate does  not  rest  upan  very  satisfactory  data.     The  liquid  gives 
an  alkiiline  reaction,  owing  to  the  presence  of  sodium  carbonate. 
Experiments  have  shown  that  this  liquid  has  little  or  no  digestive 
action  except  upon  the  starches,  and  it  may  perhaps  be  doubted 
whether  it  is  a  true  iligestive  secretion.     Extracts  of  the  walls  of 
the  small  intestine  or  the  juice  squeezed  froni  these  walls  have  been 
found,  on  the  contrary,  to  contain  Umr  or  five  different  enzymes 
and  to  exert  a  most  important  influence  upon  intestinal  digestion. 
These  enzymes  belong  probably  to  the  group  of  endA>enz>niies,  and 
are  not  actually  secreted  into  the  lumen  of  the  intestines.     While 
they  are  not,  strictly  speaking,  constituents  of  the  intestinal  juice, 
nevertheless  it  is  their  action  on  the  f4:M>d  which  forms  the  charac- 
teristic contribution  to  the  process  of  digestion  made  by  the  glands 
of  the  intestinal  wall.     These  enzymes  and  their  actions  are  as 
follows: 

1.  Enterokinase  (see  p.  791),  an  enzyme  which  in  some  way  acti- 
vates the  proteol>'tic  enzyme  of  the  pancreatic  juice,  by  converting 
the  trv'psinogen  to  trypsin. 

2.  Erepsin.  This  enz>7ne,  discovereil  by  Cohnheim,*  acts 
especially  upcm  the  proteoses  and  peptones,  causing  further  hydro- 
lysis. Its  splitting  action  upon  the  peptones  is  supposed  to  be 
complete,  and  the  natural  suggestion  regarding  this  enzyme  is  that 
it  supplements  the  work  begun  by  the  trypsin  and  jn'^psin.  Erepsin 
occurs  not  only  in  the  intestinal  mucosa,  but  also,  it  is  claimed,  in 
the  liver,  kidney,  and  pancreas,  and  perhaps  in  other  tissues.  Its 
characteristic  is  that  it  is  a<lapted  especially  to  hydrolyze  the  pro- 
teoees  and  peptones.  On  the  theory  that  proteins  during  digestion 
are  broken  down  completely  to  their  constituent  amino-acids,  the 
importance  of  this  enzyme  in  the  normal  digestion  of  proteins  has 

•Cohnheim,  -'Zpitschrift  f.  physiol.  C'hptnie,*'  33,  451,  1901;  also  35,  134, 
rt  «v;.;  Kobzareiiko,  ''Biocheinipche  ZciUchrift,'*  66,  ^i4l,  1\>14. 
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painod  in(Toji-*o(l  recognition  in  re(M?nt  yours.  The  digestion  (if  il-c 
protein  begun  l>y  tho  pepsin  or  l)y  tlie  trypsin  is  carried  to  contplc- 
tion  by  the  action  of  the  erepsin. 

3.  Inverting  enzymes  capable  of  converting  the  disacchai ;  !■ 
the  ni<>n(>3Hccharids.  These  enzymes  are  three  in  numl^er:  n> 
whii'h  acts  upon  maltose  (and  dextrin);  inverta,se  or  invertin. 
which  acts  upon  cane-sugar;  and  lactase,  which  acts  uj)on  ludow. 
The  maltase  acts  upon  the  product-s  fonncd  in  the  digestion  d 
starches,  the  tnaUose  anil  dextrin,  converting  them  to  dejctrmt 
according  to  the  general  forriiuhi: 

C„HnO„   +  H,0   =  C«H„0,  +  C.H«0, 

MnltuM*.  Dcxtroaci.  Dextraw. 

In  the  same  way  invertase  converts  cane-eugar  to  deactroae  and 

'  levuloso,  and  hictase  changes  milk-sugar  to  dextrose  and  pibus 
tosc.  This  inverting  action  is  necessary,  to  prepare  the  carbohy- 
drate food  fur  nutritive  purix)ses.  Double  sugars  rannut  be  used 
by  the  tissues  and  would  escajx*  in  the  urine,  but  in  the  form  »f 
dextrose  or  dextrose  and  lovulose  they  are  readily  used  by  iheivh 
sues  in  tiieir  normal  metabolic  processes. 

4.  Nuclease.  An  enzyme  to  which  this  name  may  bo  given  i* 
said  to  occur  in  the  small  intestine.  It  acts  upon  the  nucloic-»cid 
component  of  nucleoprotcins  splitting  it  with  the  formation  of  the 
correspontiing  purin  and  pyrimiiliu  nucleotides  (see  p.  851), 

5.  Secretin.  As  explained  above,  this  hormone  plays  an  im- 
portant rAie  in  the  control  of  the  secretion  of  the  pancrriis.  l!  tf 
not  an  enzyme,  but  a  more  stable  and  definite  chemical  sub-^tantr 
wluch  is  secretecl  or  formed  in  the  intestinal  mucosa  in  a  preliminary 
form,  prosecretin,  an<i  un<ler  the  influence  of  acids  is  changed  to 
secretin.  In  this  lat ter  form  it  is  absorl>ed,  carried  to  th(^  pancrcM, 
and  causes  a  flow  of  pancreatic  secretion. 

It  seeins  probabh*  that  the  entire  physiolog>'  of  thp  intestinal  flpcrrlioft. 
not  yet  known.    Rfcout  work*  shows  that  when  u  closwi  loop  of  tho  iliiodi 
ia  produced  by  ligatures  und  ia  left  in  the  abdomen,  the  continuity  o 
alimcntajy*  caniil  boin^  etftablishod  by  agmstro-enteroHtomy,  the  amm«l 
dies  within  a  short  perioti  with  signs  of  acute  intoxication.     When  the  cf 
of  the  loop  are  injected  into  another  animal  they  cauae  a  similar  fatal 
The  evifience  at  hand  indicatee  that  the  toxic  material  is  fonned  by  ihr  i 
of  the  duodenum.     Similar  loops  made  at  lower  points  in  the  intecttine 
produce  this  toxic  material.     These  resulta  throw  some  light  on  the  fatal  rf|** 
of  hifch  intestinal  obHtruction  in  man,  and  from  a  physiological  etaiidpcittii 
they  8)i|i:g<'st  the  existence  of  a  pe<'uliaritv  in  the  duodc 
prove  to  be  of  importance  in  ita  normal  activity. 


nenal  mucosa  which  o^y 


Absorption  in  the  Small  Intestine. — ^Absorption  takes  place 
veiy  readily  in  the  small  intestine.  The  general  correctness  of  Uu* 
Btatejnent  may  be  shown  by  the  use  of  isolated  loops  of  the  int-esline- 

•  See  Whipple,  Stone,  and  Bemheim,  "Journal  of  Exp.  Mwlirjne,"  17. 
286  and  307.  1913. 
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Salt  solutions  of  varying  strengths  or  even  blood-scrum  nearly 
identical  in  composition  with  the  animals' own  blood  may  be  ab- 
sorbed completely  from  these  loops.  Examination  of  the  contents 
of  the  intestine  in  the  duodeauiii  and  at  the  ileocecal  valve  shows 
that  the  products  formed  in  digestion  have  largely  disappeared  in 
traversing  this  distance.  All  the  information  tliat  we  possess  in- 
dicates, in  factf  tliat  the  mucous  membrane  of  the  small  intestine 
absorbs  readilyi  and  it  is  one  of  the  problems  of  this  part  of  physiology 
to  explain  the  meaas  by  which  this  absf»rption  is  effected.  Anatomi- 
cally two  paths  are  open  to  the  protlucts  absorbed.  They  may  enter 
the  blood  directly  by  passing  into  the  capillaries  of  the  viUi,  or  they 
may  enter  the  lacteals  of  the  villi,  pass  into  the  lymph  circulation, 
and  through  the  thoracic  duct  of  the  lymphatic  system  eventually 
reach  the  blood  vascular  system.  The  older  physiologists  assiuned 
that  absorption  takes  place  exclusively  through  the  central  lacteals 
of  the  villi,  and  hence  these  vessels  were  described  as  the  absorb- 
ents. We  now  know  that  the  digested  and  res>7ithesized  fats  are 
absorbeil  by  way  of  the  lacteals,  but  that  tlie  other  product.^  of  di- 
gestion are  absorbed  mainly  through  the  hi rK)d- vessels,  and  therefore 
enter  the  portal  system  anti  pass  through  the  liver  before  reaching 
the  general  circulation.  According  to  obser\'atinns  made  upon  a  pa- 
tient with  a  fistula  at  the  end  of  the  small  intestine/  foori  begins  to 
pass  into  the  large  intestine  in  from  two  to  ^w  and  a  quarter  hours 
after  eating,  and  it  requires  nine  or  more  hours  before  the  last  of  a 
meal  has  passed  the  ileocecal  valve;  this  estimate  ineiudes,  of  course, 
the  time  in  the  stomach.  During  this  passage  absorption  of  the 
digested  pmducts  takes  place  ne-arly  completely.  In  the  fistula  case 
referred  to  abuve  it  was  found  that  85  ])ct  cent,  of  the  protein  had 
disappeared,  and  similar  facts  are  known  regarding  the  other  food- 
stuffs. The  probleius  that  have  excited  the  greatest  interest  have 
been^  first,  the  exact  fomi  in  which  the  digested  products  are  ab- 
8orl>ed,  and,  second,  the  me-ans  by  which  this  absorption  is  effected. 
With  regard  to  the  last  question,  much  work  has  been  done  to 
ascertain  whether  the  known  physical  laws  of  diffusion,  osmosis, 
and  imbibition  are  sufficient  to  account  for  the  movements  of  the 
absorl>ed  substances  or  whether  it  is  necessary^  to  refer  them  in 
part  to  some  unknown  acdnties  of  the  living  epithelial  cells.  It 
would  seem  that  diffusion  and  osmosis  occur  in  the  intestines. 
Concentrated  solutit^ns  fif  neutral  salt^, — sodiiun  chlorid,  for  instance, 
— if  introduced  into  a  Thirv-Vella  loop,  cause  a  How  of  water  into 
fche  lumen  in  accordance  with  their  high  osmotic  pressure,  and,  on 
the  other  hand,  some  of  the  sodium  chlorid  diffuses  into  the  blood 
in  accordance  with  the  laws  of  diffusion.    It  seems  ecjually  clear, 

•Macfadyen,   Ncncki,   and  Sicbcr,   "Archiv  f.   experiment.   Pathol,   u. 
Pharmakol."  28,  311,  1891. 
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howevpr,  that  absorption  as  it  actually  takes  place  is  not  govcracd 
simply  by  the  difTi^rences  in  ('(jiiirntration  l:>etwt'en  the  coniroi" 
of  the  intestine  and  the  lilood  or  lymph,  but  depends  larply 
upon  the  properties  of  the  separating  wall  of  li\ing  epithelial  cdk. 
Thujt,  the  animaFs  own  serum,*  possessing  presumably  the  sune 
concentration  and  osmotic  pn^sure  as  the  animal's  blood,  iR»b- 
sorbed  completely  fnmi  an  isolated  intestinal  loop.     So  also  it  hu 
Vjeen  shown  that  in  the  absorption  of  salts  from  the  inteRtinettlK 
rapidity  of  absorption  stands  in  no  direct  relation  to  the  difluaoa 
velocity.    The  energ>'  that  effects  the  absorption  is  furnished,  \imf>- 
fon^  by  the  wall  of  the  intestine,  presumably  by  the  epithelial  ceUs. 
That  this  particular  fonn  of  energy  is  connected  vriih  the  living 
structure  is  shown  by  the  fact  that  when  the  walls  are  injured  by 
the  action  of  sodiiuii  fluorid,  pot-assium  arsenate,  etc..  their  abaorp- 
tive  power  is  diminished  and  absorjition  then  follows  the  laws  of 
difTusion  nnri  osniosis.J 

Absorption  of  the  Carbohydrates.— Our  carbohydrate  food  a 
absorbeti,  for  the  most  part,  as  simple  sugars, — monusaccharidl. 
As  has  been  said,  there  is  reason  to  believe  that  but  little  sugnrk 
absorbed  in  the  stomach.  Cane-sugar  and  milk-sugar  are  inverttd 
in  the  small  intestine  by  invertase  and  lactase,  the  first  being  «»- 
verted  to  dextrose  and  levTilose,  the  second  to  dextrose  and  g»lart«. 
If,  however,  these  su  Instances  are  fed  in  excess  they  are  absorhed  in 
jMirt  \s'ithout  conversion  to  simple  sugar,  and  in  that  case  may  be 
eliminate<I  in  the  urine.  The  bulk  of  our  caHxihydrate  food  is  Ukm, 
however,  in  the  form  of  starch,  and  the  conditions  for  abeofptidiiift 
tliis  case  are  more  favorable.  The  tinie  ref|uired  for  the  (figestioii  rf 
the  starch  to  maltose  and  dextrin,  and  the  subsequent  inAienaoo  of 
these  substances  to  dextrose,  insures  a  slower  and  more  complete 
alisorption.  Five  hundred  grams  or  more  of  starch  may  be  digerted 
and  absorbed  in  the  course  of  the  day  and  it  ail  reaches  the  blood  m 
the  fonn  of  dextrose.  This  dextrose  enters  the  portal  vein  and  ii 
distribute  first  to  the  liver.  In  this  organ  the  excess  of  ao^* 
withdraiA-n  from  the  blood  and  stored  as  glycog^i,  so  that  theaDOOK 
of  sugar  in  the  general  circulation  is  thereby  kept  quite  coaeUfit  — 
about  0.15  per  cent.  When  a  large  amount  of  carfoohydiate  foolii 
eaten,  however,  it  is  possible  that  the  liver  may  not  beabfetonotf** 
the  excess  completely.  In  that  case  the  amount  of  sugar  in  the^ 
eral  circulation  may  be  increased  above  normal,  gi\'ing  a 
of  hyperglycemia,  and  the  excess  may  be  excreted  in  th* 
thus  bringing  about  the  condition  kno\ra  as  "nfinifniTy  fffOh 
suria,'*     The  amount   of  any  carbohydrate  that  eaa  be  csitt 

*  Heidenhain.  "Archiv  f.  die  geeammte  PhyBiologie,"*  56^  579*  MN- 
t  Wallace  And  Ciiahny,  ''Archiv  f.  die  gCBuninte  njmoia^it^"  77,  tft 
1899 

:  Cohnheizn,  ''Zeitacbrift  f.  Biologie,"  37.  443,  1800. 
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without  pro<luc'injc  alimentary  plycosuriu  is  dosinnatod  by  Hof- 
meistcr*  as  the  dissimilation  limit  of  that  carbohydrate  ur,  to  use 
another  terminology,  it  establishes  the  degree  of  tolerance  of  the 
animal  for  the  partieukr  <'arbohydrate  employed.  If  taken 
beyond  this  limit  there  is  a  ph^'sictlogieal  exeess,  anrl  some  sugar 
is  lost  in  the  urine.  The  a.ssimilatlon  limit  varies  with  a  jrreat 
many  conditions;  but,  so  fur  as  the  different  forms  of  carbo- 
hydrates are  concerned,  it  is  lowest  for  the  milk-sugar  and  high- 
est for  starch.  That  starch  may  be  eaten  in  larger  amounts 
than  sugar  without  raising  the  percentage  of  sugar  in  the  sys- 
temic blood  above  the  normal  level  is  in  accord  with  what  we 
know  of  the  digestion  of  the  two  forms  of  carbohydrates.  Dex- 
trose requires  no  digestion,  it  is  absorbed  as  such,  while  cane- 
sugar  needs  only  to  be  inverted.  Starcli,  on  the  contrary,  requires 
the  action  of  ptyalin  or  amylase  and  subsequent  inversion  by 
maltase.  Its  absorption  will,  therefore,  be  much  slower  than  that 
of  tlic  sugars.  In  fact,  it  probably  goes  on  for  the  period  of  four 
or  hvf^  hours,  during  which  :iii  ordinary  meal  is  making  its  progiess 
from  pylorus  to  ileocecal  valve.  During  this  perifnl  the  entire 
quantity  of  bloud  in  tiie  body  is  passed  through  the  mesenteric 
arteries  over  and  over  again,  and  it  is  probable  that  even  in  the 
portal  vein  the  quantity  of  sugar  at  any  one  moment  rises  but 
little  above  the  noriiial  level,  and  this  small  excess  Is  held  buck 
by  the  liver  cells,  so  that  the  syateuiic  circulation  ia  protected 
from  becoming  hyperglycemic. 

So  far  as  the  carlwhydratag  escape  absorption  as  sugar  they  are 
liable  to  undergo  acid  fermentation  from  the  bacteria  always  jiresent 
in  the  intestine.  As  the  re.sult  of  this  fermentation  there  may  be 
produced  acetic  ackl,  lactic  acid,  butyric  acid,  succinic  acid,  carbon 
dioxid,  alcohol,  hydrogen,  etc.  This  fermentation  probably  occurs 
to  some  extent  in  the  small  intestines  under  normal  conditions. 
Macfadyen,!  in  the  case  already  referred  to,  found  that  the  contents 
of  the  intestine  at  the  ileocecal  valve  contained  acid  equivalent  to 
that  of  a  0.1  per  cent,  solution  of  acetic  acid.  Under  less  normal 
conditions,  such  as  excess  of  sugars  in  the  diet  or  deficient  absorp- 
tion, the  large  productiju  of  acids  may  lead  to  irritation  of  the  intes* 
tines,  —diarrhea,  etc. 

Absorption  of  Fats.— Nmnerous  theories  have  been  held  in 
regard  to  the  jnode  of  absorption  of  fats.  It  has  l)een  supposed  that 
the  emulsifie<I  (neutral)  fat  is  ingested  directly  by  the  epithelial  cells, 
that  the  fat  drojilets  enter  between  the  ei)ithelial  cells  in  the  so-called 
cement  8uV>stance,  that  the  fat  droplets  are  ingested  by  leucocytes 

•  Hofmoistor,  "Archiv  f.  exper.  Pathol,  u.  Pharmakol.,"  25,  240,  1889, 
and  20,  355,  1890. 

t  Macfadyen,  Nencki,  and  Sieber.  Uk.  cit. 
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that  lie  between  the  epithelial  cells,  or  lastly  that  the  fat  is  first  split 
into  fatty  acid  and  glycerin  and  is  absorbed  by  the  epithelial  cflb  in 
these  forms.  The  tendency  of  recent  work  is  altogether  in  favor  of 
this  last  view,  and  we  may  adopt  it  as  expressing  the  theory  p-ner- 
ally  accepted  at  present.  During  digestion  the  epithelial  cclb  con- 
tain fat  droplets  without  doubt,  but  it  seems  probable  that  thot 
drojilets  are  formed  in  m'tu  by  a  s^Tithesia  of  the  absorbed  Rlyi-erin 
and  fatty  acids.  The  border  of  the  cell  is  said  to  be  free  from 
fat  gloluiies, — a  fact  which  wouUl  indicate  that  the  neutral  fnt 
is  not  mechanically  ingested  as  oil  drops.  But,  granting  llat 
the  fat  is  absorl^d  in  solution,  as  fatty  acids  and  glycerin,  tbe 
mechanism  of  absorption  remains  unexplained.  It  is  known 
that  the  bile  as  well  as  the  pancreatic  juice  plays  an  iiuportut 
part  in  the  process.  The  pancreatic  juice  furnishes  the  lipase,  the  bile 
furnishes  the  bile  salts  (glycocholat«  and  taurocholate  of  aodiuml 
which  aid  the  lipase  in  splitting  tbe  neutral  fat,  and  moreover  aid 
greatly  the  al^sorption  of  the  split  fats.  This  latter  function  is  due 
probaldy  to  the  fact  that  the  bile  (bile  salts)  dissolves  the  fatty  wids 
readily*  and  thus  brings  them  intfl  contact,  in  solul)le  form,  wth  tbe 
epithelial  cells.  When  the  bile  is  drained  off  from  the  intestine 
by  a  fistula  of  the  gall-bladder  or  duct,  a  large  proportion  of 
the  fatty  foods  escapes  absorption  and  appears  in  the  feces.  Direct 
obBe^^^ation  shows  that  the  fat  after  passing  the  epithelial  lift- 
ing and  entering  the  stroma  of  the  villus  is  taken  up  hy  the 
l>Tnphatic  vessels,  the  so-ealled  lacteals.  This  fact  is  beautifully 
demonstratetl  by  the  mere  appearance  of  the  lymphatics  of 
the  mesenterv-  after  a  meal  containing  fats.  These  veaeelfi  are 
injected  with  milky  chyle  during  the  period  of  absorption  so  that 
their  entire  course  is  revealed.  The  chyle  on  microscopical  exam)- 
nation  is  foimcl  to  contain  fat  in  the  fonu  of  an  extremely  fii» 
emulsion.  In  this  form  it  is  carried  to  the  thoracic  duct  and  theuce 
to  the  venous  ciivulation.  For  hours  after  a  meal  the  blootl  conl 
this  chyle  fat.  If  a  specimen  of  blood  is  taken  diuing  tbis  tijnc 
cent  rifugali zed  in  the  usual  way,  the  chyle  fat  may  be  collected! 
the  top  in  the  form  of  a  cream.  It  is  an  eas>'  matter  to  insert 
cannula  inUi  the  thoracic  duct  at  the  point  at  which  it  opens  into  tbe 
subclavian  and  jugnlar  veins  and  thus  collect  the  entire  amount  ofta 
absorljetl  from  the  intestines  by  way  of  the  lacteals,  Experiiwjotfl 
of  this  kind  show  that,  after  deducting  the  amount  of  fat  that  esc«{'® 
abeor|>tion  and  is  lost  in  the  feces,  the  amount  that  may  be  reeovcrtd 
from  the  thoracic  duct  is  less  than  that  taken  in  the  food.  It  «ecn» 
probable,  therefore,  that  some  of  the  fat  is  absorljed  directly  by  the 
blood-vessels  of  the  villi.     The  portion  thus  absorbed  enters  tl** 

•See   Moore  and   RorkwooHj   "Journal   of   Physiology"  21,  58.  l^'' 
alao  Moore  and  Parker,  "  ProceediDgs,  Royal  Society,"  London,  K,  64,  l^^- 
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portal  vein  and  passes  through  the  liver  before  reaching  the  general 
circulation.  The  liver  holds  back  more  or  less  of  the  fat  taking 
this  route,  as  it  is  fouml  that  during  aljsorj-jtion  the  liver  cells  show 
an  accumulation  of  fat  droi)lets  in  their  interior,*  The  amount  of 
fat  that  may  be  absorbed  from  the  intestines  varies  with  the 
nature  of  the  fat.  Experiments  show  that  the  more  fluid  fats,  such 
as  olive  oil,  are  absorbed  more  completely,  that  is,  less  is  lost 
in  the  feces  than  in  the  case  of  the  more  solid  fats.  Compara^ 
live  experiments  have  given  such  results  as  the  following:  Olive 
oil — abssorptioii,  97.7  per  cent.;  goose  ami  jujtrk  fut^  97.5  per 
cent.;  mutton  fat,  iK)  to  02.5  p(*r  cent.;  sperma<-eti,  15  per  cent. 
The  amount  of  fat  that  may  be  lost  in  the  feces  varies  also  with 
other  conditions.  If,  for  instance,  an  excess  is  taken  with  the 
footi,  or  if  the  bile  flow  is  diminished  or  suppressed,  the  percentage 
in  the  feces  is  increased.  The  usual  amount  of  fat  allowed  as  a 
maximum  in  dietaries  is  from  100  to  120  gm.  daily. 

Absorption  of  Proteins.^ Most  of  the  expcrimentai  work  on 
record  shows  that  the  digested  proteins  are  absorlx^d  by  the  blood- 
vessels of  the  villi,  although  after  excessive  feeding  of  protein  a 
portion  may  be  taken  up  also  in  the  lymphatics. j  This  accepted 
belief  re.>ts  ujion  two  fui-ts:  First  {Schmidt-.Midheimi,  if  The  thoracic 
durt  (ami  ri^ht  lymphatic  duct  J  is  ligaicd,  so  as  to  shut  off  the  lym- 
phatic circulation,  an  animal  will  absorb  and  metabolize  the  usual 
amount  of  protein  as  is  indicateil  by  the  urea  excreted  during  the  pe- 
riod. Second  (Munk).  if  a  fistula  of  the  thoracic  duct  is  establislied 
and  the  total  lymph  flow  from  the  intestines  is  collected  during 
the  period  of  absorption  after  a  diet  of  protein,  it  is  found  that  there 
is  no  increase  in  the  quantity  of  the  lymph  or  in  its  protein  contents. 
The  fonn  in  which  the  digested  protein  enters  the  blood  ha?  long 
been  a  imitter  of  controversy.  X  ( )n  the  view  that  we  have  adopted, 
namely,  that  tiie  protein  of  the  food  is  split  into  its  constituent 
aminoacids  by  the  successive  acticm  of  the  pepsin,  trypsin,  and 
erepsin,  we  shouUi  expect  to  fintl  these  amino-acids  in  the  blood, 
unleas,  indeed,  they  are  again  synthesized  to  protein  while  passing 
througli  the  intestinal  wall.  It  is  only  in  recent  years  that  meth- 
ods have  been  devised  for  the  recognition  of  amino-acids  in  such  a 
liquid  as  blood. S  The  application  of  these  methods  tends  to  sup- 
port the  view  that  the  amino-acids  enter  the  blood  as  such  without 
undergoing  synthesis.  Alanin  and  valin  have  been  obtained  from 
the  bloo<l  in  crystalline  form,  and  histidin  has  been  recognized  by  its 

•  See  Frank,  "Arohiv  f,  Physiolojcie."  IHW2,  497,  and  1894,  297. 

t  See  Mendel,  "American  Journal  of  Physiology,"  2,  137,  1R99. 

j  See  efipcciaUv  Van  i^lvkf  and  Mrvcr*  "Journal  of  Biological  Chemiatry," 
16,  197.  I9i;i:  also  pp.  -Jiy  Hw]  23K 

Hi  Folin  and  Deni-s  "Joamal  of  Biological  Chemistry,"  11-87  and  161, 
1912;  and  Van  Slyke,  ^id.,  12,  399,  1912. 
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reaction.*  Van  Slyke  and  Meyer  have  shown  tliat  in  the  blood 
of  doRs  amino-acids  are  constantly  present  in  small  amouuts  lUto 
5  mjiiins.  of  iiniino-acu!  nitroson  to  UW  e,e.  of  blood),  and  that  after 
a  meal  of  moat  tliis  eoneent ration  is  tiefinitely  inereased.  In  tlir 
light  of  H't'ent  work^  especially  that  of  the  authors  latit  named,  vc 
may  suppose  that  the  normal  course  of  events  is  as  follows:  The 
dijcested  proteins  are  absorbed  as  amino-acids  and  distributed  to 
the  tissues  l>y  the  !3h>od.  The  tissues  select  and  store  certain  of 
these  bodies,  and  probably  in  each  organ  subsequent  use  is  niadeof 
thern  to  build  up  new  tissue  or  to  repair  the  wastes  of  nietftlxjlLim. 
That  is  to  say,  tliere  is  probably  no  especial  form  of  circulwtinit 
protein  which  serves  as  a  pabulum  fur  tisstii^repair  and  pTOWlh,  but 
th(*  ainino-ai'ifls  theiiiselves  rimstltute  tlie  form  in  which  uitn)|E04» 
food  is  prest^nled  to  the  different  tissues,  just  as  dextrose  coitfti- 
tules  the  rirculatory  form  of  carbohydrate  fo<3d.  F^aeh  tL<5uefn)ni 
the  amino-acids  ofTere<i  to  it  builds  up  its  own  form  of  protvin. 
and  the  amino-jicids  not  used  for  this  synthesis  may  be  deaniinizwl 
and  then  employed  for  energy'  purposes.  There  is  evid<^nce  that 
in  the  liver  esptH'itdly  many  of  the  amino-acids  arising  from  ib^ 
digested  food  undergo  tieaniinization,  the  nitrogen  lieing  eliminated 
as  urea.  During  starvation  the  amino-acid  content  of  the  blood 
is  maintained,  probably  because  tlie  tissues  themselve.s  or  some  of 
thern  uiub'rgo  self-digestion  or  autolysis  and  thus  furnish  food 
material  for  the  active  tissues. 

Examination  of  the  contents  of  the  small  intestine  at  \ts  jun^ 
tion  with  the  large  shows  that  under  nomud  conditions  most  of  ihi' 
protein  has  t>een  absorbetl  before  reaching  this  [xant.  The  pnioess 
is  continuetl  in  the  large  intestine,  modifie*!  somewhat  by  bactcriil 
action,  and  the  amount  that  finally  escajies  al>sorption  and  appGir> 
in  the  feces  varies,  in  perfectly  normai  individuals,  with  the  chiiw- 
ter  of  the  protein  eaten.  According  to  Munk.t  the  easily  (iigestjl'lt' 
animal  foods — such  as  milk,  eggs,  and  meat — are  absorVn^d  to  tbo 
extent  of  97  to  99  |>er  cent.,  while  with  vegetable  foods  the  utiliw- 
tion  is  less  complete.  This  difference  is  not  due,  however,  to  any 
peculiarity  of  the  vegetable  proteins;  it  is  probably  an  incidental 
result  of  the  presence  o(  the  indig(*stil)le  cellulose  foimd  in  our 
vegetable  foods.  It  is  stated  that  from  17  to  30  piT  cent,  of  tbe 
protein  may  be  lost  in  the  feces  if  the  vegetable  food  Ls  in  5ucb  form 
as  not  to  be  attacked  readily  by  the  digestive  secretions. 

Digestion  and  Absorption  in  the  Large  Intestine. — Oh^rra- 
tions  upon  the  secretions  of  the  large  intestine  have  l>een  made  upon 

•  Abel,  Rowntree  and  Turner,  **Joumal  of  Pharmacology  and  Exp.  Tbtf^ 
peutics,"  5,  6U,  1914. 

tSee  Munk,  "ErRebnisso  der  Physiologie,"  vol.  i.,  part  i.,  1902,  arlidf. 
"Reaorption."  for  literature  and  discuaaion. 
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human  beings  in  cases  of  amis  praeternaturalis,  in  which  the  lower 
portion  of  the  intestine  was  practically  isolate<:I,  and  also  upon 
lower  animals,  in  which  an  artificial  anus  was  established  at  the 
end  of  the  small  intestine.  These  observations  all  indicate  that 
the  secretion  of  the  large  intestine,  while  it  contains  much  mucus 
and  allows  an  alkaline  reaction,  is  not  characterized  by  the  presence 
of  distinctive  enzymes.  When  the  contents  of  the  small  intetine 
pass  the  valve  the}^  still  contain  a  certain  amount  of  unal^sorbed 
food  material.  As  was  stated  in  the  chapter  on  the  movements  of  the 
intestine^  these  contents  remain  a  Umg  time  in  the  targe  intestine, 
and  since  they  contain  the  digestive  enzymes  received  in  the  duo- 
denum the  digestive  and  abwoq^tive  processes  no  doubt  continue  as 
in  the  small  hitestine.  This  general  fact  is  well  illustrated  in  experi- 
ments made  upon  dogs,  most  of  whose  small  intestine  (70  to  83 
per  cent.)  had  been  removed.*  These  animals  could  digest  and 
absorb  well,  and  formed  normal  feces,  provided  care  was  taken  with 
the  diet.  An  excess  of  fat  or  indigestible  material  caused  diarrhea 
and  serious  loss  of  food  material  in  the  feces.  An  interesting  feature 
in  the  large  intestine  is  the  marked  absorption  of  water.  In  the 
small  int-estine  water  is  absorbed  no  doubt  in  large  quantities,  but 
its  loss  is  evidently  made  K<H>d  by  osmosis  or  secretion  of  water  into 
the  intestine,  since  the  contents  at  the  ileocecal  valve  are  quite 
as  fluitl  as  at  the  pylorus.  In  the  large  intestine  the  absorption  of 
water  is  not  compensated  by  a  secretion ;  the  material  loses  water 
rapidly  while  in  the  ascending  colon,  and  before  it  reaches  the 
descending  colon  it  has  acquired  the  consistency  of  the  feces.  The 
alkaline  reaction  of  the  contents  of  the  large  intestine  makes  a 
favorable  environment  for  the  growth  of  bacteria,  particularly  the 
putrefactive  bacteria  that  attack  protein  material.  Putrefaction 
is  a  normal  occurrence  in  the  large  intestine,  and  much  interest 
has  been  shovvTi  in  its  extent  and  its  possible  physiological  signifi- 
cance. 

Bacterial  Action  in  the  Small  Intestine. — In  the  intestines  are 
found  numerous  bacteria  which  are  able  to  hydrolyze  the  food 
material,  particularly  the  carbohydrates  and  proteins.  Fermen- 
tation of  the  carbohydrates  gives  rise  to  a  number  of  organic 
acids,  sucli  a«  lactic  and  acetic  acid»  but  none  of  the  products  of 
fermentation  can  be  regarded  as  distinctly  toxic.  Putrefaction 
of  the  protein  molecule,  on  the  other  hand,  gives  rise  to  a  nundjer  of 
nitrogenous  split  products  that  are  supposed  to  have  a  toxic  action. 
Under  normal  conditions,  on  a  mixed  diet,  it  appears  that  in  the 
small  intestine  carbohydrate  fennentation  is  the  characteristic 
action  of  the  bacteria,  while  in  the  large  intestine,  protein  putre- 
faction undoubtedly  occurs.     There  has  been  considerable  di.scus- 

•  Erlunger  and  Hewlett^  "American  Journal  of  Physiology/'  6,  I,  1902. 
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sion  as  to  the  conditions  that  restrain  the  protein  putrefactionm 
the  snmll  ink-istiue.  It  has  l)een  pointed  out  that  some  of  the  bar- 
teria  of  tho  siiuiU  intestine,  Bacillus  roli,  for  example,  do  not  i-auv 
protein  hyilrolysis  as  lonf?  as  carbohydrate  material  (sugar)  is 
present,*  so  that  the  mere  presence  of  carbohydrate  nutcnul 
serves  to  protect  the  protein  from  the  action  of  the  hartirnft. 
In  addition,  :is  long  as  carbohy4irates  are  present  and  arc  udiIct' 
goins  fcrnu'iitation,  the  or>£anic  acids  produced  tend  to  neutralitt 
the  alkalinity  of  the  intesthial  secretion,  and  may  even  give  an  acid 
reaction  to  the  intestinal  contents.  An  acid  reaction  w  unfavor- 
able to  the  activity  of  the  bacteria  that  attack  the  pnjteins.  jind 
in  this  way,  under  contlitions  of  a  normal  diet,  the  process  of  putre- 
faction in  the  small  intestine  is  warded  off.  From  this  standpfrtnt 
it  would  seem  to  follow  that  the  nature  of  the  bact^riiil  acti\nty 
in  the  small  intestine  will  vary  with  the  cliaracter  of  the  dietaod, 
moreover,  that  the  diet  may  l>e  chosen  intentionally  so  ns  to 
favor  one  or  the  other  kind  of  bacterial  action. 

Bacterial  Action  in  the  Large  Intestine. — In  the  large  intertine 
>tein  putrefaction  is  a  constant  and  normal  occurrence.  The 
^'reaction  here  is  stated  to  l)e  alkaline,  an<l  whatever  protein  may  h&Yt 
escape<,l  digestion  and  ahsoqition  is  in  turn  acted  upon  by  thebar- 
teria  and  undergoes  so-called  putrefactive  fermentation.  The  split- 
ting up  of  the  protein  molecule  by  this  process  is  ver>'  complete,  aii<i 
differs  in  some  of  ita  products  from  the  results  of  hydrolytic  cleava^ 
as  caused  by  acids  or  by  trypsin.  The  list  of  end-products  of  putre- 
faction is  a  long  one.  Hesicies  peptones,  proteoses,  ammonia,  and 
the  vanous  amiuo-acids,  there  may  be  produced  such  substaiic»»s 
indoL  skatol,  phenol,  phenylpropionic  and  phenylacetic  acida,  fatty 
acids,  carbon  dioxid,  hydrogen,  marsh  gas,  hydrogen  sulphid,  etc 
Many  of  these  products  are  given  off  m  the  feces,  while  otbere  are 
absorl)e<l  in  part  and  excreted  subsequently  in  the  urine.  In  tto 
latter  coimection  especial  interest  attaches  to  the  phenol,  in(iol,and 
skatoL  Phenol  or  carixtlic  acid,  C^HjOH,  after  absorption  is  mnh 
bincd  with  sulphuric  acid,  to  form  an  ethereal  sulphate  (conjugated 
sulphate)  or  phcnolsiilphonic  acid,  C^HgOSOjOH,  and  in  this  form 
is  found  in  the  urine,  So  also  with  cresol.  The  indol,  CgH^N.and 
skatol  (methyl-indol),  C^H^N,  are  also  absorbed,  imdergo  oxidation  to 
indoxyl  and  skatoxyl,  and  are  then  combined  or  conjugated  with 
sulphmic  acid,  like  the  phenol,  and  in  this  form  are  found  in  the  uiiw 
— C^H^NOSOjOH,  or  indoxyl-sulphuric  acid,  and  C^H,N()S(.)jOH, 
skatoxyl-sulphuric  acid.  These  bodies  have  long  been  10101*11  to 
occur  in  the  urine,  and  the  proof  that  they  arise  primarily  from  putre- 
faction of  protein  material  in  the  large  intestine  is  so  conclusive  as 

•See  Kenilall,  "Boston  Med.  and  Surgical  Journal,"  1010,  163.  322.  •»* 
'^WisconHin  Med.  Jounuil,"  June,  1913. 
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not  to  admit  of  any  doubt.  Tiie  amount  to  which  they  orrur  in 
the  urine  is,  therefore,  an  indication  of  the  extent  of  tlic  putrefaction 
in  the  targe  intestine.  We  nuiy  as8unie  that  the  indol  and  aktitol 
arise  from  the  tr>'plophan  group  in  the  protein  molecule,  and  the 
phenol  and  eresol  from  the  tyrosin  and  phenylalanin.  There  is 
evidence  that  other  more  or  less  toxic  substances  belonging  to  the 
group  of  arniuea  are  |)roduced  by  the  further  action  of  the  bacteria 
on  the  amino-acids  in  the  protein  molecule. 

The  R^nernl  relation  uf  the  amines  to  the  ainino-acida  may  be  expressed 
by  the  formula — 

RCHiCHNHiCOOH  —  00,   -   RCHtCH,NH,. 

As  a  group  they  have  a  firuK-like  action  on  the  btxiy  resemblintc  that  of 
epinephrin — that  i**.  they  may  caiiiio  a  rise  of  blood-pretwure,  aceeloration 
of  heart,  etc.  Some  of  the  amineji  that  have  been  liescribt^l  arc  putrescin  or 
tetramethylendiamine  from  arginin,  ca<laveriri  or  penlamethvlenduimme  from 
lysin,  imi<Ja2olrthylamine  from  histiilin^  mdolethylamine  from  tryptophan, 
oxyphenyk'thylamine  from  tyrosia. 

Is  the  Putrefactive  Process  of  Physiological  Importance? — 

Recognizing  that  fermentation  by  nicuas  of  bacteria  is  a  nonnal 
occurrence  in  the  gastro-intestinal  canal,  the  question  hius  arisen 
whether  this  process  is  in  any  way  neeessarj'  to  nonnal  digestion 
and  nutrition.  It  is  well  known  that  excessive  bacterial  action  may 
lead  to  intestinal  troul>les,  sut-h  as  iharrhea^  or  to  more  serious  inter- 
ference with  general  nutrition  owing  to  the  formation  of  toxic  prod- 
ucts. It  is,  however,  p<jssible  that  some  amount  of  bacterial  action 
may  be  necessary  for  completely  nonnal  digestion.  As  a  special  case 
it  has  been  pointed  out  that  the  gastro-intestinal  tract  is  not  pro- 
vided with  enzymes  capable  of  acting  upon  rellulose,  a  material  that 
forms  such  an  im[xjrtant  constituent  of  vegetable  foods.  Bacteria, 
on  the  other  hand,  may  hydrolyze  the  cellulose  and  render  it  useful 
in  nutrition.  Leaving  aside  this  special  case,  the  question  as  to  the 
necessity  of  bacterial  action  has  been  investigated  directly  by  at- 
temptinu  to  rear  younR  animals  under  perfectly  sterile  conditions. 
Nuttall  and  Thierfelder*  report  some  very  interesting  ex[jeriinent.s 
upon  fcuineu-pip5  in  which  the  young  animals  from  birth  were  kept 
sterile  and  fe<l  with  perfectly  sterile  food-  They  found  that  the  ani- 
mals lived  and  increiised  in  weight,  and  concluded,  therefor**,  that  the 
intestinal  bacteria  are  not  necessary  to  nonnal  nutrition.  This  con- 
clusion is  supported  by  the  observations  of  I^evin,  f  who  finds  that 
animals  in  the  Arctic  regions  in  many  cases  have  no  bacteria  in  their 
intestines.     Schottelius|  reports  contrary  results  upon  chickens. 

•  Nuttall  and  Thierfolder,  "Zeitachrift  f.  phyfliol.  Chemie,"  21,  109,  1895; 
22.  ft2.  1896;  Zi,  231.  1897. 

t  Levin.  "Skandinavisches  Archiv  f.  PhysioloKie,"  16,  249.  1904. 
I  Schotteliua,  "Archiv  f.  Hygiene,"  42,  48,  1902. 
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When  kept  sterile  they  lost  steadily  in  weight  and  showwi  tionml 
growth  only  when  supplied  with  food  containing  bacteria.  Thndci 
tliat  th'::  relutions  betwivii  the  i>ar-teriaand  the  aniinal  that  ^lari^^l^ 
them  coudtitutes  a  kind  of  symbiosis  in  which  e-iich  derives  a  lw»*4l 
from  the  other  has  certaiidy  not  biaen  denionstrut«d.  The  coti« 
trary  view,  that  bacterial  putrefaction  is  the  occasion  for  constant 
danger  to  the  hmiiaii  organism,  lias  been  staletl  in  ejclrem^;  (»*rm, 
perliaps,  by  Metchnikoff,  According  to  this  author  the  consUnl 
production  and  absorption  of  buct^^rial  toxins  from  the  iutestineift 
one  of  the  important  causes  of  a  loss  of  resistance  on  the  part  of 
the  body  to  the  changes  which  bring  on  senescence  axid  death. 
At  ])resent  it  seems  wise  to  take  the  conservative  view  that  whik 
the  ]^resence  of  the  bacteria  confers  no  positive  benefit,  the  organ- 
ism has  adapted  itself  under  usual  conditions  to  neutralize  ihcir 
injurious  action. 

Composition  of  the  Feces. — The  feces  differ  w-idely  in  amount 
and  in  composition  with  the  character  of  the  food.  Upon  a  diet 
composed  exclusively  of  meats,  they  are  small  in  atnount  and  dark 
in  color;  with  an  ordinary  nuxed  diet  the  amount  is  increASftd;  and 
it  is  largest  wit!i  an  exclusively  vegetable  diet,  especially  with  veg^ 
tables  containing  a  large  amount  of  cellulose.  T!\e  aven^ 
weight  of  the  feces  in  twenty-four  hours  upon  a  mixed  dirt  is 
given  as  17(3  gms.,  while  with  a  vegetable  diet  it  may  amount  tttaa 
much  as  40CI  or  500  gms,  '^The  quantitative  compoeition,  therefon, 
varies  greatly  with  the  diet.  Qualitatively,  we  find  in  the  fefffl 
the  following  things:  (1)  Indigestible  material,  such  as  ligamentu of 
meat  or  cellulose  from  vegetables.  (2)  Undigested  material,  such  a 
fragments  of  meat,  starch,  or  fats  which  have  in  some  way  eecapM) 
digestion.  Naturally,  the  quantity  of  this  material  present  ia  slight 
under  normal  conditions.  Some  fats,  how^ever,  are  almost  alwayj 
found  in  feces,  either  as  neutral  fats  or  as  fatty  acids,  and  to  a  smiQ 
extent  as  calcium  or  magnesium  soaps.  The  quantity  of  fat  foundii 
increased  by  an  increase  of  the  fats  ui  the  food  or  by  a  deficient 
secretion  of  bile,  (3)  Products  of  the  intestinzd  secretions.  Evi- 
dence has  accunndated  in  recent  years*  to  show  that  the  feceein 
man  on  an  average  diet  are  composed  in  part  of  the  unaheoted 
material  of  the  intestinal  secretion.  The  nitrogen  of  the  feca, 
merly  supi>osed  to  represcrnt  only  undigested  food,  seems  rati 
have  its  origin  largely  in  these  secretions,  together  with  the  cellular 
debris  thrown  off  from  the  walls  of  the  intestines.  (4)  Product* o( 
bacterial  decomposition.  The  most  characteristic  of  these  prtxlucti 
are  indol  and  skatol.  They  are  crystalline  bodies  possessing  a  db- 
agreeable,  fecal  odor;  this  is  especially  true  of  skatol,  to  which 

•Prautfnitz,    •Zcitaclirift  f.  Biologic,*'  35,  335,   1897;  and  Tsuboi.  W, 
p.  68. 
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the  odor  of  the  feces  is  mainly  due.  (5)  Cholesterin,  or  a  deriva- 
tive, which  is  ftmnd  always  in  small  amounts,  and  is  probably 
derived  from  the  bile.  (6)  Some  i^f  the  puriti  biu-^es,  especially 
guanin  and  adenin.  (7)  Mucus  and  epithelial  cells  thrown  <iff 
from  the  intestinal  wall.  (8)  Pigment.  In  addition  to  tlie  color 
due  to  the  undigested  food  or  to  the  metallic  compounds  contained 
in  it^  there  is  normally  provseut  in  the  feces  a  pigment,  urobilin  or 
stereobilin,  derived  from  the  pigments  (bilirubin)  of  the  Idle. 
Urobilin  is  formed  fr(»m  the  bilh-ubin  by  reduction  hi  the  large 
intestine.  (9)  Inrirgauic  suits — salts  of  sodium,  potassium, 
calcium,  magnesium,  and  iron,  but  chiefly  the  last  three  together 
with  phosphoric  acid.  The  signifieancc  of  the  calcium  anil  iron 
salts  will  be  referred  to  in  a  subsequent  chapter,  when  speaking 
of  their  nutritive  importance.  (10)  Micro-organisms.  Great 
quantities  of  bacteria  of  different  kinds  are  found  in  the  feces. 

In  addition  to  the  feces,  there  is  found  often  in  the  large 
intestine  a  quantity  of  gas  that  may  also  be  eliminated  through 
the  rectum.  Tiiis  gas  varies  in  composition.  The  following 
substances  have  been  found  at  one  time  or  another:  CH^,  CO,, 
H,  N,  HjS.  They  arise  mairdy  from  the  bacterial  fermentation 
of  the  proteins,  although  some  of  the  N  may  be  derived  from  air 
swallowed  with  the  food. 


CHAPTER    XLIV. 


PHYSIOLOGY  OF  THE  LIVER  AND  THE  SPLEER. 

The  liver  plays  an  important  part  in  the  general  nutrition  of  thf 
body.  Its  functions  are  manifold,  but  in  the  long  run  they  de])eiMi 
upon  the  properties  of  the  liver  cell,  whicli  constitut^^  the  anMom* 
ical  and  pliysiologieal  unit  of  the  organ,  although  there  ii*  hwto- 
logieal  evidence  that  some  of  the  endothelial  cells  of  the  capiDam 
of  the  liver  have  marked  phagoc>^ic  properties,  and  it  w  poasiblf 
that  their  activity  may  play  a  contributor)*  part  in  some  of  the 
functions  of  the  liver,  for  example,  in  the  destniction  of  thf  mi 
corpuscles  that  precedes  the  formation  of  bile  pigments.  The  liver 
cells  are  seemingly  uniform  in  structure  throughout  the  whole  iul>* 
stance  of  the  liver,  but  to  understand  clearly  the  different  functions 
they  fulfil  one  must  have  a  <'lear  idea  of  their  anatomiral  reliiiow 
to  one  another  an<l  to  the  bki<Hl-vess<»ls,  the  lymphatics,  and  the 
bile-ducts.  The  histology  of  the  liver  lobule,  and  the  relationship 
of  the  portal  vein,  the  hepatic  artery,  and  the  bile-duct  tothe  lobulf. 
must  be  olitained  from  the  texl-lmoks  upon  histology* and  anatotny. 
It  is  8ufficient  here  t-o  recall  the  fact  that  each  lobule  is  suj?plicl 
with  blood  (X)minK  in  part  ff^nu  ^^^'*  pf^rtAl  ypin  and  injpart  iwm  the 
hepatic  artcr>'.  The  blood  from  the  former  source  contains  tlw 
soluble  ntaterials  absorl>ed  from  the  alimentarv  canal,  such  as^ugar 
and  the  split  products  (uiiiino-iicitls)  of  protein,  and  these  alwjrf*d 
products  are  submitted  to  the  metabolic  acti\'ity  of  the  liver  relL* 
before  reaching  the  general  circulation.  The  hepatic  arter>'  briw:* 
to  the  liver  cells  the  arterialized  blood  sent  out  to  the  syHtenfiir  cir- 
culation from  the  left  ventricle.  In  addition,  eAch  lobule  pvff 
origin  to  the  bile  capillaries  which  arise  betw^^n  1^^  s^pgr^fr  ^jb 
and  whicn  carry  otl  the  bile  Jomied  within  the  cells.  In  accor^laurt* 
with  these  facts,  the  physiology  of  the  liver  cell  falls  naturally  into 
two  parts. — one  treating  of  the  formation,  composition,  ant!  ph^'ao- 
logicid  significance  of  bile.  an<l  the  otlierTleaTing  wuTi  the  mMahmif 
changes  produceil  in  tfie  mixed- blood  of  the  ]>orta,l  "'^ 

hepatic  artery  as  it  Hows  through  the  lobules.  ~Tn  thi.^  *..:..  i'^ 
Bion  the  mam  phenomenaTo  be  studied  are  The  formation  of  un« 
and  the  formation  and  significance  of  glycogen,  but  it  cannot  be 
doubted  that  the  liver  possesses  other  imi>ortant  metalxthc  func- 
tions which  at  present  are  imperfectly  understood,  such,  for 
example,  as  its  relations  to  the  production  of  fibrinogen  and  d 
antithrumbin,  which  have  been  referred  to  in  the  section  on  Blooi 
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Bile. — From  a  physiological  standpoint,  bik*  is  partly  an  excre- 
tion carrying  off  certain  waste  products,  and  partly  a  digestive  secre- 
tion playing  an  important  rdle  in  the  absorption  of  fats,  and  possibly 
in  other  ways.  Bile  is  a  continuous  secretion,  but  in  animals  possess- 
ing a  gall-bladtler  its  ejection  int-o  the  duodenum  is  intermittent. 
Bile  is  easily  obtained  from  living  animals  by  establishing  a  fistula 
of  the  bile-duct  or,  as  seems  preferable,  of  the  grdl-bladdcr.  The 
latter  operation  has  been  performed  a  number  of  times  on  human 
beings.  In  some  eases  the  entire  supply  of  bile  has  been  diverted  in 
this  way  to  the  exterior,  and  it  is  an  interesting  physiological  fact 
that  such  imtients  may  continue  to  enjoy  fair  health,  showing  that, 
whatever  part  the  bilg  takes  normally  in  tligestion  and  absorption, 
ite  passage  into  the  intestine  is  not  absolutely  necessary  to  the  nu- 
trition  of  the  body,  me  quantity  of  bile  secretetj  during  the  day 
has  been^timat^d  for  human  Ijeings  of  average  weight  (43  to  73 
kgras.)  as  var>'ing  between  500  and  800  c.c.  This  estimate  is  basetl 
upon  observations  on  cases  of  biliary  fistula.*  Chemical  analyses 
of  the  bile  show  that,  in  addition  t^  the  water  and  salts,  it  contains 
bile  pigments,  bile  acids,  cholesterin,  lecitliin^  neutral  fats  and  soaps, 
sometimes  a  trace  of  urea,  ami  a  mucilaginous  nucleo-aibumin  for- 
merly desigimte<l  iinpmperly  as  mucin.  The  last-mentioned  sub- 
stance is  not  formed  in  the  liver  cells,  but  is  adiled  t-o  the  bile  by  the 
mucous  membrane  of  the  bi!e-diicts  and  gall-bladder.  The  quantity 
of  these  substances  present  in  the  bile  varies  in  different  animals 
and  under  different  conditions.  As  an  illustration  of  their  relative 
importance  in  human  bile  and  of  the  limits  of  variation,  the  two 
following  analyses  b>'  Hammarstent  n^ay  be  quoted : 

I.  11. 

Solids 2.520  2.840 

Water 97.480  97.160 

Mucin  and  pigment 0.529  0.910 

Bile  salu^ 0.931  0.814 

Tauroc-holate 0.3034  0.053 

Glycocholate 0.027«  0.761 

Fatity  uciil^  from  soap 0. 1230  0.024 

Cholesterin 0.0630  0.096 

j;^^*''^"*  } 0.0220  0.1286 

Soluble  salts 0.8070  0.S051 

loBoluble  salts 0.0250  0.041 1 

The  color  of  bile  varies  in  different  animals  act-ording  to  the  pre- 
ponderance of  one  or  the  other  of  the  main  bile  pigments,  bihrubin 
and  biliverdin.  The  bile  of  carnivorous  animals  iias  usually  a 
golden  color,  owing  to  the  presence  of  bilirubin,  while  that  of  the  her- 

•Copeinaii  and  Winston,  "Journal  of  Physiology,"  10,  213.  1889;  Rob- 
son,  "Proceedings  of  the  Royal  Sor-iety,"  Ivondon,  47,  499,  1890;  Pfaff  and 
Balch,  "Journal  of  Experimental  Medicine,"  2,  49,  1897, 

t  Reported  in  "Conlralblatt  f.  Phvsioliigif,"  1H94,  No.  8.  For  other 
aaalyses  conflult  Rijewnblootri,  "Journal  of  Biological  Chemistry,"  14,  241^  I91ii. 


814 


PHYSIOLOGY    OF   DIGESTION   AND    SECRETION. 


bivora  is  a  brip;ht  ^veen  from  the  hiUverdin.  The  color  of  human 
bile  seems  to  vary:  ac<*<)niing  to  Home  authorities,  it  is  yellow  or 
golden  yellow,  and  this  seems  especially  true  of  the  bile  as  found  in 
the  gall-bladdpr  of  the  cadaver;  according  to  others,  it  is  of  a  dark- 
olive  I'olor  with  the  greonish  tint  preilomiiiatinp.  Its  reaction  is 
feebly  alkaline,  and  its  spirifie  j^ravity  varies  in  human  bile  from 
1.050  or  1.040  to  1.010.  Human  bile  docs  not  pve  a  distinctive 
absorption  spectrum,  but  the  bile  of  some  herbivora,  after  exposure 
to  the  air  at  least,  ^ive.H  a  characteristic  spectrum. 

Bile  Pigments, — Bile,  accurdinp  t^  the  anirnal  from  which  it  is 
obtained,  contains  one  or  the  other,  or  a  mixture,  of  the  two 
pigments,  bilirubin  and  hiUverdin.  In<lecd,  it  is  probable  that 
in  some  animals  at  leant  still  other  pigments,  such  as  urobilin, 
mny  1h»  present  in  the  bile,  together  with  the  bilirubin  or  biliverdin. 
Bilivenhn  is  supposed  to  stand  to  bilirubin  in  the  relation  of  an 
oxidation  protiuL-t.  Bilirubin  is  ^ivt^n  the  fonnula  CwHwNjO^, 
or  C32II36N4O8,  and  biliverdin,  CwHmNaOi  or  C'saHaBN^Os,  the 
latter  l)eing  preparetl  readily  from  the  fonner  by  oxidation.  Theae 
pigments  give  a  characteristic  reaction,  known  as  *'Gmelin's  reac- 
tion/' with  nitric  acid  containing  some  nitrous  acid  (nitric  acid 
with  a  yellow  color).  If  a  drop  of  bile  and  a  drop  of  nitric  acid  are 
brought  into  contact,  tlie  fonner  uiulcrgoe^s  u  succession  of  color 
changes,  the  order  Ix'ing  gn^en,  blue»  violet,  retl,  and  retidish  yellow. 
The  play  of  colors  is  due  to  successive  oxidations  of  the  bile  pig- 
ments; starting  with  bilirubin,  the  first  stage  (green)  is  due  to  the 
fonnation  of  biliverdin.  The  pigments  formed  in  some  of  the 
other  stages  have  bei^n  isolated  and  named.  The  reaction  is  very 
delicate,  and  it  is  often  used  to  detect  the  prest^nce  of  bile  pigments 
in  other  liquids — urine,  for  example.  Ilic  bile  pigments  originate 
from  hcmogloliin.  This  origin  was  first  indicated  by  the  fact  that 
in  oin  t)ioi»d?1H^?J'or  in  extravasations  there  was  found  a  cr>'stalline 
product,  the  so-callei!  *'henuitoT)lin/'  which  was  untloubtedly  (le- 
rivcd  from  heniogh>bin,  and  which  ufMni  more  (*areful  examina- 
tion was  provcfl  to  l)e  identical  with  bilirtd)in.  It  ia  supposed 
that  when  the  blood-corpuscles  disintegrate  the  lil>erateil  hemo- 
globin is  convertetl  by  the  liver  cells  to  an  iron-free  compound, 
bilirubin  or  biliverdin.  The  bilirubin  is  fomied  from  the  hematin 
of  the  hemoglobin  by  a  process  whicli  involves  the  splitting  off 
of  its  iron.  It  is  very  significant  that  the  iron  Si^parated  by  this 
means  fnun  the  hematin  is,  for  the  most  part,  retained  in  the 
liver,  a  small  jx^rtion  only  l>eing  secreted  in  the  bile.  It  seem« 
probable  thiit  the  mm  held  bark  in  the  liver  is  :igain  used  in  some 
way  to  make  new  hemoglobin  in  the  hemutopoietic  organs.  Since 
the  hernadn  constitutes  only  4  jx^r  cent,  of  the  hemoglobin,  it  is 
evident  that  in  the  production  of  t  he  bilirubin  a  considerable  amount 
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of  globin  must  be  fanncil  also,  Ijut  nothing  is  known  of  the  fate  of 
this  portion  of  the  molecule.  Quantitative  data  are  lacking  in 
i^gard  to  the  amount  of  bile  pigment  secreted  daily.  Owing 
to  the  want  of  a  sfttisfarton*  method  of  estimating  this  siib- 
stanee.  it.s  pertTnta^e  in  the  bile,  as  given  by  different  authors^ 
varies  gix'atly,  From  .04  \wr  eent.  to  0.2o  |ier  rent.  The  bile 
piginentsi  are  earricd  in  the  bile  to  the  duodenum  and  arc  mixed 
with  the  footl  in  its  long  piussage  through  the  intestine.  Under 
normal  conditiong  pf>i>lif>r  l>iliniimi  uoi*  Ijilivordin  oirnrs  i^uie 
feces,  hut  in  their  pLu-e  i>  fniutl  ;i  tt»hnliLHi  oroduii.  urobilin, 
formed  in  the  large  intestine,  probably  in  consequence  of  the 
activity  of  the  bacteria.  Moreover,  it  is  l>elicved  that  some  of 
the  bile  pigment  is  reabsorbed  as  it  passes  along  the  intestine,  is 
carried  to  the  liver  in  the  portal  blood,  and  is  again  eliminated. 
That  this  action  occurs,  or  may  occur,  has  been  made  prolmble 
by  experiments  of  Wertheimer*  on  dogs.  It  happens  that  sheep's 
bile  contains  a  pigment  (L-holohcmatin)  that  gives  a  characteristic 
spectrum.  If  some  of  this  pigment  is  injecteil  into  the  mesenteric 
veins  of  a  dog  it  is  eliminated  while  passing  througli  the  liver,  and 
can  be  recognized  unchanged  in  the  bile.  The  value  of  this  *'cir- 
culation  of  the  bile/'  so  far  as  the  pigments  are  concerned,  is  not 
apparent . 

Bile  Acids. — *'  Bile  acids"  is  the  name  given  to  two  organic  acids, 
glycockolic  and  Uiurocholic^  which  are  always  present  in  bile,  and, 
indeed,  form  verj'  imjx>rtant  constituents  of  that  secretion;  they 
occur  in  the  form  of  their  respective  sodium  salts.  In  human  bile 
both  acids  are  usually  found,  but  the  proportion  of  taurocholate 
is  variable,  and  in  some  cases  it  may  be  absent  altogether. 
Among  herbivora  the  glyc<M^holate  predominat-es,  as  a  rule,  although 
there  are  some  exceptions;  among  the  camivora,  on  the  other  hand, 
taurocholate  occurs  usually  in  greater  quantities,  ftnd  in  the  dog's 
bile  it  is  present  alone.  Glycocholic  acid  has  the  fonnula  C„H„NO„ 
and  taurocholic  acid  the  fonnula  CjjH^jNvSO^.  TZach  of  them  can 
be  obtained  in  the  form  of  cr>'staLs.  When  boiled  with  acids  or  alka- 
lies these  acids  take  up  water  and  undergo  hvdrolytic  cleavage,  the 
reaction  being  represented  by  the  following  e(|uations: 


C»H«NO.    +     H,0  =  C«H„0,     +     CH  (NH^COOH 

Glycocholic  acitj.  ChoHc  and.     Glycocou  (uDioo-aoetitr 

Cj^H^NSO^   +   11,0  ^  C„H^O.  +  C,H,NM^O,OM 
Tanroctiotic  mad.  Chouc  acia.       Tnurin  (amiau-ethyl* 


c-«<ad). 


Tanrocbotic  i 

HUlphonic  acid). 

^leee  reactions  indicate  that  the  bile  acids  arc  j>rohab]y  formed  by 
a  reverse  process,  in  the  one  case  by  a  conjugation  of  glycocoll  with 

•  "Archives  de  physiologie  normalc  et  pathologique,"  1892,  p,  677- 
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cholic  acid,  in  the  other  by  a  union  of  taurin  and  choiic  add.  Id 
this  synthesis  the  reaction  takes  place  between  the  carboxyl  gnmp 
of  the  cholic  acid  and  the  amino-group  of  the  glycocoll  or  taurin, 
as  may  be  represented  by  the  following  equation: 

C«H»0,COOH  -h  NHtCHjCOOH  —  H«0  »  C«H»O,CONHCH/X)0H 

CboUc  acid.  GlyooooU.  GlyooehoUe  actd. 

Cholic  acid  or  its  compounds,  the  bile-acids,  are  usuaUy  detected  in 
suspected  liquids  by  the  well-known  Pettenkofer  reaction.  As 
usually  performed,  the  test  is  made  by  adding  to  the  liquid  a  few 
drops  of  a  10  per  cent,  solution  of  cane-sugar  and  then  strong  sul- 
phuric acid.  The  latter  must  be  added  carefully  and  the  tempera- 
ture be  kept  below  70°  C.  If  bile  acids  are  present,  the  liquid  as- 
sumes a  red-violet  color.  It  is  now  known  that  the  reaction  consbte 
in  the  formation  of  a  substance  (fiuf  urol)  by  the  action  of  the  acid 
on  sugar,  which  then  reacts  with  the  bile  acids.  The  bile  acids  are 
formed  directly  in  the  liver  cells.  This  fact,  which  was  for  a  long 
time  the  subject  of  discussion,  has  been  demonstrated  in  recent 
years  by  an  important  series  of  researches  made  upon  birds.  It  has 
been  shown  that  if  the  bile-duct  is  ligated  in  these  animals,  the  bile 
formed  is  reabsorbed  and  bile  acids  and  pigments  may  be  detected 
in  the  urine  and  the  blood.  If,  however,  the  liver  is  completely 
extirpated,  then  no  trace  of  either  bile  acids  or  bile  pigments  can 
be  found  in  the  blood  or  the  urine,  showing  that  these  substances 
are  not  formed  elsewhere  in  the  body  than  in  the  liver.  It  is 
more  difficult  to  ascertain  from  what  substances  they  are  foraied. 
The  chemical  origin  of  the  cholic  acid  is  not  definitely  known.  The 
glycocoll  is  one  of  the  aniino-acids  formed  by  the  hydrolysis  of 
proteins,  and  the  liver  gets  a  supply  of  this  material  after  meab 
through  the  portal  blood,  although,  in  all  probability,  it  can  be 
formed  also  within  the  liver  cells  by  autolytic  processes.  In  any 
case,  so  far  as  it  is  present  in  the  bile  as  glycocholic  acid,  it  repre- 
sents a  loss  or  excretion  of  so  much  protein  nitrogen.  The  taurin  b 
likewise  derived  from  protein  and  presumably  from  the  cystein 
grouping  in  the  protein  molecule.  By  oxidation  the  cystein  maybe 
converted  to  eystcinic  acid: 

CHjvSHCHNHjCOOH  +  30  =  CH>SOjOHCHNH,COOH; 

CysitetD.  Cystelnic  acid. 

and  by  loss  of  CO2  this  is  converted  to  taurin : 

CH^SOJOHCHNH,COOH  —  C0»  =  CH^SO,OHCH,NHi. 

A  circumstance  of  considerable  physiological  significance  is  that 
these  acids  or  their  decomposition  products  are  absorbed  in  part  from 
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the  intestiue  and  are  again  secreted  by  the  liver;  as  in  the  case  of  the 
pigments,  there  is  an  intestinal-hepatic  circulation.  The  value  of  this 
reabsorption  may  lie  in  the  fact  that  the  bile  acids  constitute  a  very 
efficient  stimulus  to  the  bile-secreting  acti\4ty  of  the  cells,  being  one 
of  the  l^est  of  cholagogues,  or  it  may  be  that  it  economizes  material. 
From  what  we  know  of  the  hLston-  of  the  bile  acids  it  is  evident  that 
they  are  not  to  be  considered  solely  as  excreta:  they  have  some 
important  function  to  fulfill.  The  following  suggestions  as  to  their 
value  have  been  made:  In  the  first  place,  they  ser\'e  as  a  menstruum 
for  dissolvinj^  the  choleatt^rin  which  is  constantly  present  in  the  V)ile; 
secondly,  they  facilitate  greatly  the  splitting  and  the  absorption  of 
fats  in  the  inte^ntine.  It  is  an  undoubted  fact  that  when  bile  is 
shut  off  from  the  intestine  the  absorption  of  fats  is  very  much 
diminished,  and  it  has  been  shown  that  this  action  of  the  bile  in 

tfat  absorption  is  due  chiefly  to  the  presence  of  the  bile-acids,  and 
in  the  sjune  way  the  known  activating  influence  of  bile  upon  the 
activity  of  pancreatic  lipase  has  been  traced  to  the  bile-acids.  The 
bile-acids,  the  taurocholate^  at  least,  possesses  tlie  property  of 
precipitating  proteins  in  acid  solutions.     This  property  probably 

»  explains  the  fact  that  the  acid  ehjTne  as  it  passes  into  the  duodenum 
is  precipitated  by  coming  into  contact  with  the  bile,  a  fact  which 
has  lung  been  known,  although  its  physiological  significance  is  not 
clear. 

Cholesterin  or  CholesteroL — Cholesterin  is  a  non-nitrogenoua 
substance  of  the  formula  C-^H^fi.  (See  p.  78.)  It  is  a  constant 
constituent  of  the  bile,  although  it  occurs  in  variable  quantities. 
Cholesterin  is  very  widely  distributed  in  the  body,  being  found 
especially  in  the  white  matter  (medullary  substance)  of  nerve- 
fibers.  It  seems,  moreover,  to  be  a  conf^tant  couHtituent  oi  all 
animal  and  plant  colls.  It  is  assumed  that  cholesterin  is  not 
fonned  in  the  liver,  but  that  it  is  eliminated  by  the  Hver  cells 
from  the  blcKxI,  which  collect.s  it  from  the  various  tissues  of 
the  body.  This  is  at  least  a  possible  explanation  of  its  occur- 
rence in  the  bile,  for  it  seems  certain  that  the  cholesterin  is  a 
constant  constituent  of  the  blood,  either  as  sucli  or  in  the  form 
of  an  ester,  that  is  to  say,  in  combination  with  a  fatty  acid,  such  as 
stearic  acid.  Some  authors  suggest,  however,  that  in  the  disso- 
lution of  red  corpuscles  that  takes  place  in  the  liver  the  cho- 
lesterin liberated  from  the  stroma  of  the  corpuscles  forms  the 
source  of  the  cholesterin  found  in  the  bile.  That  it  is  an  excretion 
is  indicated  by  the  fact  that  it  is  eliminated  in  the  feces,  but  here 
again  the  opposite  view  has  been  suggested  that  the  cholesterin  is 
in  part  at  least  reabsorbed  and  used  again  in  the  formation  of 
new  tissue.*  Cholesterin  is  insoluble  in  water  or  in  dilute  saline 
•  Sw  Gardner  and  ct>-workers,  **Proc.  Royal  Soc.,"  B,  vola.  81  and  82,  1910. 
52 
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liquids,  and  is  held  in  solution  in  the  bile  by  means  of  the  bile-acitk 
Pro\nsioiially  we  may  regard  it,  so  far  as  its  occurrence  in  the  bile  is 
concerned,  as  a  waste  product  of  cellular  disintegration  which  is 
eliminated  in  the  feces.  It  is  excreted  also  through  the  skin,  in 
the  .sebaceous  and  sweat  secretions,  and  in  the  milk. 

Lecithin,  Fats,  and  Nucleo-albtunin. — Lecithin,  C^^ 
NPOp,  is  a  corni»*uud  (tf  glycerophosphoric  acid  with  fatty  acid 
radicals  (stearic.  f)!eic,  or  palmitic)  and  a  nitrogenous  l>ase.  rliolin 
(see  p.  78).  When  hydrolyzed  by  boiling  with  alkali  it  spliw 
up  into  these  three  substances.  It  is  found  generally  as  such, 
or  in  combination,  in  all  cells,  and  evidently  plays  some  as  yet 
unknown  part  in  cell  metabolism.  It  occurs  in  largest  quantity 
in  the  whit^  matter  of  the  nervous  system.  In  the  liver  it  oonirs 
to  a  considerable  extent  both  as  lecithin  and  in  a  more  complw 
combination  with  a  carbohydrate  residue,  a  compound  designated 
as  jccorin.  So  far  as  it  is  found  in  the  bile,  it  represents  poasibly 
a  waste  product  denved  fmm  the  liver  or  from  the  body  at  larp', 
althoujih  it  is  possil>le  that  it  may  undergo  hydrolysis  in  the  inter 
tine  and  i>e  absorbed  in  the  form  of  its  split  products.  Little  is 
known  of  its  precise  physiological  significance.  According  to 
Hewlett  and  others  it  may  serve  to  activate  the  lipase  of  the  pan- 
creatic secretion. 

The  special  importance,  if  any,  of  the  small  proportion  of  fate 
and  fatty  acids  in  the  bile  is  unknown.  The  ropy,  mucil 
character  of  bile  is  due  to  the  presence  of  a  body  formed  in  the 
ducts  and  gall-bladder.  Tills  substance  was  formerly  deagnatel 
as  mucin,  but  it  is  now  known  tliat  in  ox  bile  at  least  it  is  not  a  trie 
mucin,  but  a  nucleo-albumin  (see  appendix).  Hanmiaraten  reports 
that  in  human  bile  some  tnie  mucin  is  found.  Outbade  the  fact  that 
it  makes  the  bile  viscous,  this  constituent  is  not  known  to  poaaesBaqy 
especial  physiological  significance. 

The  Secretion  of  the  Bile. — Numerous  experiments  have  b«B 
made  to  ascertain  whether  or  not  the  secretion  of  bile  is  ronlrolhd 
by  a  special  set  of  secreton'  fibers.  The  secretion  itself  is  contini 
but  varies  in  amount  under  different  conditions.  These  coniiil 
may  be  controllc<:l  experimentally  in  part.  It  has  Ijeen  shown,  bt 
example,  that  stimulation  of  the  spinal  cord  or  splanchnic  nefw 
diminishes  the  flow  of  bile,  while  section  of  the  splanchnic  bninclw 
may  cause  an  increased  flow.  These  and  similar  actions  arc  a- 
plained,  however,  by  their  effect  on  the  blood-flow  tluough  the  liver. 
The  splanchnics  carry  vasomotor  nerves  to  the  liver,  and  section  or 
stinuilation  of  these  nerves  will  therefore  alter  the  circulation  in  lh« 
organ.  Since  the  secretion  increases  when  the  blood-flow  is  increaspl 
and  rrite  versa,  it  is  believed  that  in  this  case  no  special  secrct*iT> 
ner\'e  fibers  exist.    The  metaboHc  processes  in  the  liver  cells  wlucli 
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produce  the  sorretion  probably  go  on  at  all  times,  hut  they  are 
increased  when  the  blood-flow  is  increased.  We  may  believe,  there- 
fore^ that  the  quantity  of  the  liile  .secretion  varies  with  the  quantity 
and  composition  of  the  hUxnl  tl(»wing  through  the  liver,  and  that 
the  blood  contains  normally  i-heniiral  substances  which  ytimuhite 
the  liver  cells  to  secrete  bile.  It  is  stated  on  the  basia  of  experi- 
mental evidence*  that  when  the  supply  of  portal  blood  is  cut  off 
the  amount  of  bile  formed  is  Rrt^utly  reduiTrl,  and  that,  tiiercfore, 
it  is  i>ossible  that  the  substances  from  which  bile  is  formed  or 
which  serve  to  stimulate  the  production  of  bile  arc  furnisheil  chiefly 
by  the  portal  blood.  Substances  which  stimulate  the  fonnation  of 
bile  are  designated  as  cholagogues.  The  therapeutical  ai^jents  cap- 
able of  giving  this  action  are  still  a  subject  of  controversy.  On 
the  physiological  side  the  following  facts  are  accepted:  Any  ayent 
that  causes  an  hemolysis  of  red  corpuscles  increases  the  flow  of 
bilcj  or  the  same  effect  is  produced  if  a  solution  of  hemot;Io[nn  is 
inject/^d  directly  into  the  bl^iul.  This  result  is  in  harmony  with  the 
views  alreiuly  stated  regarding  ihv  sijjnificance  of  the  bile  pig:ments 
as  an  excretory  product  of  heniogloltiii.  The  cholagogue  whose 
actirin  is  most  distinct  and  prolonged  is  bile  it^-lf.  When  fed 
or  injecte<l  din^ctly  into  the  circulation,  bile  causes  an  undoubted  in- 
creasi*  in  the  secretion.  This  effect  is  due  both  to  the  bile  acids  and 
bile  pigments.  Since  the  bile  acids  have  a  hemolytic  effect  on  red 
corpuscles,  it  might  at  first  be  assumed  that  their  action  as  chola- 
gogues  is  due  indirectly  to  this  circuntstance.  The  action  of  ihe 
bile  aciiis  is,  however^  much  more  pronounced  than  that  of  other 
hemolytic  af^ents,  and  it  s<'ems  certain^  therefore,  that  they  exert 
a  specific  effect  on  the  liver  cells.  So  also  it  is  stated  (Weinberg) 
that  peptones  and  proteoses  have  a  marked  stimulating  effect. 
and  smce  these  sulistanccs  may  l>e  brought  to  the  liver  in  the 

portal  blood,  it  is  possible  that  thev  act  as  stimuli  imri^T  qi^mml 
conditions.  Lastly,  there  is  evidence  that  the  scM-n'tii^,  whose  ac- 
tion upon  the  pancreatic  secretion  has  been  described,  exerts  a  sim- 
ila^  effect  mxjn  the  fi^^'Totmn  M  uWt^  Statements  differ  somewHat  in 
regard  to  the  extent  (jf  this  action,  but  it  seenis  to  be  certain  that, 
when  acids(0.5  j^er  cent.  HCl)  are  injected  into  the  iluodenum  or  upper 
part  of  the  jejimiun,  the  secretion  of  bile  is  incrrascil;  and,  sine© 
tlus  effect  takes  place  when  the  nervous  connections  are  severed,  the 
effect,  as  in  the  case  of  the  pancreatic  secretion,  is  explained  by  aa- 
suming  that  the  acid  converts  prosecretin  to  secrt^tin,  and  this 
latter  after  absorption  into  the  blood  acts  upon  the  liver  cells. t 

*  Voofftlin  anti  Bemheim,  "Journal  of  Pharmacology  and  Exp.  Therapeu- 
tics," 2,  4>5,  lyio. 

t  Sep  Falloi-Ho,  quoted  in  Maly'a  "Jahres-bericht  der  Thicr-chemic,"  33, 
611.  190i. 
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^H            A  similar  effect  may  he  obtained  by  injecting  secretin  directly  into 
^H            the  blood.    Since  during  a  meal  the  stomach  nornially  ejecUadd 
^H            chyme  into  the  duoflenmn,  the  importance  of  tliis  secretin  rwctiofi 
^H             in  adapting  the  secretion  nf  bi!e  to  the  period  of  digestion  is  e^idenl. 
^m                 The  Ejection  of  Bile  into  the  Duodenum— Function  of  the 
^H            Gall-bladder. — Although  the  bile  is  formed  more  or  less  contdm- 
^H            ously ,  it  enters  the  duodenum  periodically  during  the  time  of  digestioiL 
^H            The  secretion  during  the  interverung  periods  is  prevented  from  enter- 
^B            ing  the  duodenum  apparently  by  the  fact  that  the  opening  of  tl^ 
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97.— Curves  ahowing  the  velocity  of  aecretion  of  bile  into  tbe  du 
(  milk.  uppermoBt  curve;  (2)  s  diet  of  meat,  middle  curve;  (3)  «  di 
re.     Tlie  diviaions  on  the  abscissa  represent  Intervala  of  thirty  ir 
he  ordinatea  repreaent  Uie  volume  of  secretion  in  cubic  oentimeUn 

bile-duct  is  closed  l)y  a  sphincter.  The  secretion,  t. 
)  into  the  gall-bladder.  According  to  Bruns,*  no  bile 
uodenum  as  long  as  the  stomach  is  empty.    W\u 
meal  is  taken,  the  ejection  of  the  ch>Tne  into  th< 
oUowed  by  an  ejection  of  l>ik'.t    It  would  seem,  t 
h  gush  of  ch^Tne  into  the  dumlenum  excites,  prot 
tion,  a  contraction  of  the  gall-bladder,  and  an  ir 
jhincter  closing  the  opening  into  the  intestine. 

chives  dea  scieiic<!8  bioloEigucs,"  7,  87,  1899. 

also  KIcxIuizki,  quoted  from  Maly'fl  "Jahre»-bericht  d 

33,  617,  1901. 

odaaoncB 

eiafbnMl. 
inutei;thl 
L— (flr-U 

ien.'forr, 
api)eaR 
?n,  how- 
?  duode- 
tierrfore, 
)ably  by 
ihibitioD 

er  Thii^ 

t 

1 

PHTSIOLOGT    OP  THE   UVBB   AND    SPLBEN. 


821 


An  inter^stinp  npplication  of  this  fact  lias  been  made  in  surpical  practice. 
After  operationB  ujwjn  the  gall-bladder  trovihle  is  oxperionced  at  timiw  owing 
U^  the  failuR"  of  the  fiHtulous  opening  to  lieal.  w>  that  there  i^  coastuiit  cmzing 
of  gall.  R  is  found  that  freijuent  feeding  oi  the  patient  facilitates  the  per- 
manent clofiure  of  the  fistnla,  tKHTHUfie  apnarentlv  tlie  sphincter  is  kept  inhibited 
and  the  pretssure  in  the  gall-bladder  is  loweretl. 

The  substances  in  the  chyme  that  are  responsible  for  the  stim- 
ulutiun  have  been  investigated  l>y  Bruns,  He  finds  that  acids, 
idkalies,  and  starches  are  ineffective,  and  concludes  that  the  retiex 
is  due  to  the  proteins  and  fats  or  some  of  the  products  of  their 
digestion.  The  gall-bhickler  has  a  muscular  coat  of  phiin  muscle, 
and  records  nm<le  of  its  contractitnis  show  that  the  force  exerted 
is  quite  small.  Accortiing  to  Freese,*  the  maximal  contraction 
does  not  exceed  that  necessary  tt^  overcunie  the  h>drnatatic  pressure 
of  a  column  of  water  22U  nuns,  in  height, — a  force,  tlterefore,  which 
is  abuut  efjuivalent  to  the  secretion  pressure  of  bile  as  tleterniiaed 
by  Heidenhain.  The  iunen-ation  of  the  gull-idadder  and  gali-ducts 
has  been  studied  especially  by  Doyon.f  It  would  seem,  from  the 
experiments  made  by  this  author  together  with  later  experiments 
reported  by  others,  J  that  the  bladder  receives  both  motor  and  in- 
hibitorj'  fibers  by  way  of  the  splanchnic  nerves.  These  fibers  emerge 
from  the  spinal  cord  in  the  roots  of  tlie  sixth  thoracic  to  the  first 
lumbar  spinal  nerve,  and  pass  to  the  celiai!  plexus  by  way  of  the 
splanchnic  nerves.  Motor  fibers  may  occur  also  in  the  va^.  Sensory 
fibers  capable  of  causing  a  reflex  con.strictiuii  or  dilatation  of  the 
bladder  are  found  in  both  tlie  vagus  and  splanchnic  nerves.  Stim- 
ulation of  the  central  end  of  the  cut  splanchnic  causes  a  dilatation 
of  the  bladder  (reflex  stimulation  of  the  inhibitory  fibers),  while 
stimulation  of  the  central  end  of  the  vagus  causes  a  contraction 
of  the  bladder  and  a  dilatation  (inhibition)  of  the  sphincter  muscle 
at  the  opening  of  tiic  conunon  duct  into  the  intestine.  These 
latter  movcni(*nts  are  the  ones  that  occur  during  normal  digestion, 
and  we  may  assimie,  therefore,  that  in  the  normal  reflex  emptying 
of  the  gall-bladdcT  the  afferent  path  for  the  reflex  is  formed  by 
the  vagus  libers  while  the  efferent  path  its  through  the  splanchnic 
nerves. 

Effect  of  Complete  Occlusion  of  the  Bile-duct. — When  the 
flow  of  bile  is  prevented  by  ligation  of  the  bile-duct,  or  when  this 
duct  is  occluded  by  pathological  changes  the  Inle  eventually  gets 
into  the  blood,  producing  a  condition  of  jaundice  (icterus).  There 
has  been  mvich  discussion  as  to  whether  the  bile  is  absorbed  directly 
into  the  blood  from  the  liver  cells  or  the  Uver  lymph-spaces,  or 
whether  it  is  carried  to  the  blood  by  way  of  the  lymph-vessels  and 

•  "Johns  Hopkins  Hospital  Bulletin,"  June,  1905. 

t  Doyon,  "Arrhives  de  physiologie,"  I^W*  p-  19. 

j  Bainbridj^e  and  Dale,  "Journal  of  Phyaiology/'  1905,  xxxUi.j  138. 
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thoracic  duct.*  Experimental  evidence  points  to  both  po^ihili- 
ties.  The  increased  pressure  in  the  bile  system  leads  possibly  to 
a  rupture  of  the  delicate  bile  capillaries,  and  the  bile  thu^  eioupiti 
into  the  lymph-spaces.  From  these  spaces  it  may  be  al»«orl)Cfi 
directly  by  the  blood-vessels  of  the  liver,  or  it  may  be  carried ofl 
in  the  lymph-stream  toward  the  thoracic  duct. 

General  Physiological  Importance  of  BDc. — The  physiolopcal 
value  uf  i>ile  has  bwa  referre<l  to  in  s|K'akin^j  of  its  several  coiv^titih 
ents.  It  is  probably  of  importance  lx:)th  as  a  medium  of  e.\rr\'lian 
and  as  a  fiipestive  secretion.  Its  value  from  the  fonner  stand- 
point we  know  little  about.  Certain  of  its  constituents,  the  bile 
pigment.s,  chohc  acid,  cholesterin,  and  lecithin,  may  appear  in  tbr 
fece^i  more  or  less  niotlific<l,  but  on  the  other  Imnd  these  substAnce 
may  be  reabsorbed  in  piirt  from  the  intestine,  so  that  it  is  difficult 
to  say  in  how  far  they  are  to  lx>  regarded  iis  excretory  producU^ 
On  tlie  exix^rimental  side  it  can  1)0  shown  that  a  nuniber  of  dw 
when  iiitrotlueed  into  the  blood  are  eliminated  or  excreted  by  wuyof 
the  bile  ius  well  as  through  the  urine,  a  fact  which  indiciiteslhat  tbf 
Uver  may  act  as  an  excretory  organ.  As  a  digestive  .secretion,  tht 
most  invportant  function  iittributed  to  the  bile  is  the  part  it  takes  in 
the  digestion  and  absorption  of  fats.  It  accelerates  greatly  thcfti'tion 
of  the  lipase  of  pancreatic  juice  in  splitting  the  fats  to  fat  ty  acid.s  ami 
glycerin,  and  it  aids  materially  in  the  al>sorption  of  the  prudurU 
of  this  hydrolysis.  A  nunilier  of  obser\^ers  have  shown  tluit  whena 
p<*rmMnent  biliary  fistula  is  made,  and  the  bile  is  thu.<  prcvcniM 
from  reaching  the  intestinal  canal,  a  large  proportion  of  tin?  fat  of 
the  food  escapes  absorjition  and  is  found  in  the  feces,  Thisactinnof 
the  bile  may  l>e  referred  dinn-tly  to  the  fact  that  the  bile  acid'tfcnt* 
as  a  ,solvcnt  for  the  fats  and  fatty  acids.  It  was  formerly  bcr»c\'cd 
that  bile  is  also  of  great  importance  in  restraining  the  prcK'es?ftjo( 
f)Utrefaetion  in  the  inti'stine.  It  wasasserte<i  that  bile  is  an  efficient 
antiseptic,  and  that  this  pnji)erty  comes  into  use  nonnally  in  prevent- 
ing excessive  putrefaction.  Bacteriological  experiments  madehyi 
number  of  observers  have  shown,  however,  that  bile  itself  has  very 
feeble  antiseptic  properties,  as  is  indicated  by  the  fact  that  it  putr^ 
readily.  The  fn'cd>ile  acids  and  rlmhilic  acid  do  have  a  dirwtrcttirf* 
ing  effect  nptm  putrefactions  outside  the  bmly ;  but  tliis  action  ww^t 
ver>'  pronounced,  and  has  not  been  demonstmted  satisfacti^rily  for 
bile  itself.  It  seems  to  be  generally  true  that  in  cases  of  biUani*  fistiih 
the  feces  have  a  very  fetid  od<>r  when  meat  and  fat  are  taken  intbfl 
food.  But  the  incream-d  putrefaction  in  these  cases  may  possibly  l« 
an  indirect  result  of  the  withtlrawal  of  bile.  It  has  been  suggft*tc<l, 
for  instance,  that  the  deficient  absorption  of  fat  that  follows  upon  the 


•  Sw  MondftI  and  Underbill  for  literature, 
ioJogy."  14,  252.  1905. 
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removal  of  the  bile  results  in  the  protein  and  carlx)hytlrate  material 
becoming  coated  with  an  insoluble  layer  of  fat*  &(.)  that  the  i)enetration 
of  the  digestive  enzymes  is  reta.rdetl  antl  greater  opjwrtunity  is  given 
for  the  action  of  Imctoria,  VVe  ma}'  conclude,  therefore,  that,  while 
there  does  not  seem  to  be  sufficient  warrant  at  present  for  l»elieving 
that  the  bile  exerts  a  direct  antiseptic  action  upon  the  intestinal 
contents,  nevertheless  its  presence  limits  in  some  way  the  extent  of 
putrefaction. 

Glycogen. — One  of  the  most  important  functions  of  the  liver  is 
the  formation  of  p;lycoRen-  This  substance  was  found  in  the  liver  in 
1857  by  Claude  liemard,  and  is  one  of  several  brilliant  dlscoveriee 
made  by  him.  Glycogen  has  the  formula  (CjH,qOj)||,  which  is  also 
the  general  forraida  given  to  vegetable  starch;  glycogen  is  therefore 
frequently  six)ken  of  as  "  anijnal  starch."  It  gives,  however,  a  pnrt- 
wine-red  color  with  iodin  solutions,  instead  of  the  familiar  deep  blue 
of  vegetable  starch,  and  this  reaction  serves  to  detect  glycogen  not 
only  in  its  solutions^  but  also  in  the  liver  cells.  Gly<*ogen  is  readily 
soluble  m  water,  and  the  solutions  have  a  characteristic  opalescent 
appearance.  Like  starchy  glycogen  is  acted  upon  by  ptyalin  and 
other  diastatic  enxynies,  an*l  t!ie  end-products  are  apparently  the 
same — namely,  maltose,  or  maltose  and  some  dextrin,  or  else  dex- 
troee,  depending  ujKin  the  enzyme  use<:l.  Under  the  influence  of 
acids  it  may  \>e  hydn>lyze<l  at  once  to  dextrose.* 

Occurrence  of  Glycogen  in  the  Liver. — Glycogen  can  be 
detected  in  the  liver  cells  microscopically.  If  the  liver  of  a  do^  is 
removed  twelve  or  fourte<!n  hours  aft^r  a  hearty  meal,  hardt»ticd  in 
alcohol,  and  sectioned,  the  liver  cells  are  found  to  contain  ciumjje 
of  clc;u  mat-erial  which  give  the  iodin  reaction  for  glycogen,  Even 
when  ilistinct  aggregations  of  the  glycogen  cannot  be  made  out.  its 
presence  in  the  cells  is  shown  by  the  red  reaction  with  iodin.  By 
this  simple  method  one  can  demonstrate  the  inijMirtant  fact  that  the 
amount  of  glycogen  in  the  liver  increa.ses  after  meals  and  decreases 
again  during  the  fasting  hours,  and  if  the  fast  is  sufficiently  prolonged 
it  may  disappear  altogether.  This  fact  is^  however,  showTi  more 
satisfactorily  by  fiuantitati\'e  detenninations,  b}*"  chemical  means, 
of  the  total  glycoK*'"  prcs(*rif.  Th(*  amount  of  glycogen  in  the 
liver  ia  quite  variable,  being  influenced  by  such  conditions  as  the 
character  and  amount  of  the  food,  muscular  exerci.se,  Ix^dy  tem- 
perature, drugs,  etc.  From  determinations  made  upon  various 
animals  it  may  be  said  that  the  average  amount  lies  between  1 .5  and 
4  per  cent,  of  the  weight  of  the  liver.  But  th^s  amount  may  be  in- 
creased greatly  by  feciling  up<in  a  diet  lai^ly  made  up  of  carl>ohy- 

•The  extensive  literature  of  jjlycogen  b  rolleclcfl  and  revieweH  Ky  Cre- 
oi«r  in  the  "  ICrgebnisse  der  Phvyiologie, "  vol.  i.  i>art  i,  1902;  and  by  I'tiuf^r, 
"•Aivhiv  f.  riie  gesammte  Physiologie, "  96,  I,  1^3. 
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drates.  It  is  said  thiit  in  the  dog  the  total  amount  of  liver  glycogen 
may  be  raised  to  17  per  cent.,  and  in  the  rabbit  to  27  per  cent, by 
this  means,  while  it  is  estimated  for  man  (Neumeister)  that  the  quin- 
tity  may  1^  increased  to  at  least  10  per  cent.  It  is  usually  believrf 
that  glycogen  exists  as  such  in  the  liver  cells,  being  deposited  in  the 
substance  of  the  cytoplasm.  Reasons  have  been  brought  fonM^d 
to  show  that  this  is  not  strictly  true,  and  that  the  glycogen  is  prob- 
ably held  in  some  sort  of  weak  chemical  combination.  It  has  bca 
shown,  for  instance,  that  although  glycogen  is  easily  soluble  in  cold 
water,  it  can  not  be  extracted  readily  from  the  liver  cells  by  this  agent 
One  must  use  hot  water,  salts  of  the  heav^-  metals,  and  other  similAr 
agents  that  may  l)e  supposed  to  break  up  the  combination  in  which 
the  glycogen  exists.  For  practical  purposes,  however,  we  may  ^peak 
of  the  glycogen  as  lying  free  in  the  liver-cells,  just  as  we  speak  of 
hemoglobin  existing  as  such  in  the  red  corpuscles,  although  it  ii 
proliabh'  held  in  some  sort  of  combination. 

Origin  of  Glycogen, — ^To  understand  clearly  the  \'iews  held  ai 
to  the  origin  of  iiver  glycogen,  it  is  necessary  to  describe  brieJlv  the 
effect  of  the  different  foodstuffs  upon  its  formation. 

Effect  of  CurbohydraUs  on  the  Amoui\t  of  Glycogen. — ^The  amount 
of  glycogen  in  the  liver  is  affected  very  quickly  by  the  quantity  of  ca^ 
bohydrates  in  the  food.  If  the  carbohydrates  are  given  in  exccffi,  the 
supply  of  glycogen  may  be  increase<l  largely  beyond  the  axTrage 
amount  present,  as  has  t)een  stat<^d  al>ove.  Investigation  of  the  diffw^ 
ent  sugars  has  showTi  that  dextrose,  levulose,  saccharose  (cane-sijcar'i, 
and  maltose  are  unquestionably  direct  glycogen-formere, — thai  is. 
glycogen  is  formed  direotly  from  them  or  from  the  products  into 
which  they  are  converted  during  digestion.  The  bulk  of  our  car- 
bohydrate food  reaches  the  liver  as  dextrose,  or  as  dexlrot*e  and  levu- 
lose, and  these  forms  of  sugar  may  be  converted  into  glycogen  in  the 
liver  cells  by  a  simple  process  of  dehydration  and  condensation, 
such  as  may  be  represented  in  substance  by  the  formula — 

nlC^H.A)  -  nCHjO)  =  (C.H,o05)n. 

There  is  no  doubt  that  both  dextrose  and  levulose  Incre-ase  markfdly 
the  amount  of  glycogen  in  the  liver ;  and,  since  cane-sugar  is  inverted 
in  the  intestine  before  absorption,  it  also  mu.st  be  a  true  glycogen- 
former, — a  fact  that  has  been  abundantly  demonstrate*!  by  dirrct 
experiment.  Lusk*  has  .shown,  however,  that,  if  cane-sugar  i«  in- 
jected under  the  skin,  it  has  a  very  feeble  effect  in  the  way  of  increu- 
ing  the  amount  of  glycogen  in  the  liver,  since  under  these  conditiort 
it  is  probably  absorljed  into  the  blood  without  undergoing  inversion. 
Experiments  with  subcutaneous  injection  of  lactose  gave  sdmiUf 
results,  and  it  is  generally  believed  that  the  liver  cells  can  not  convert 
*  Voit,  "Zeitachrift  f .  Biologic,"  28,  285,  1891. 
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the  double  sugars  to  glycogen,  at  legist  not  readily;  hence  the  value 

of  the  hydrolysis  of  these  sugars  in  the  alimentary  oanal  before 
absorption.  We  may  assume,  t  herofore,  that  dextrose,  levulose,  and 
galactose  are  the  true  glycogen-forraers  that  occur  normally  in  the 
blood,  and  that  the  disaccharids  (cane-sugar,  milk-sugar,  etc.)  and 
the  polysaccharids  (starches)  are  true  glycogcn-formers  to  the  ex- 
tent that  they  are  convertetl  into  dextrose,  levulose,  or  galactose. 
Effect  of  Protein  on  (Uycogen  Formation. — In  his  first  studies 
upon  glycogen  Bernard  jisserted  that  it  may  be  formed  from  protein 
material.  Since  that  time  some  doubt  has  btn^n  thrown  on  the 
piissibility  of  this  transformation,  but  it  may  be  said,  perhaps,  that 
the  trend  of  nil  recent  work  indiciitos  that  the  amino-acids  yielded 
by  proteins  may  serve  as  a  starting-point  for  the  formation  of 
glycogen.  Direct  e\ndenee  has  l)een  obtained  for  this  latter  state- 
ment by  feeding  experiments^  with  glyt'iri?  alanin,  aspartic  acid,  and 
other  ami  no-acids.*  It  may  l>e  assunit'd  thai  the  aniiiio-acids  that 
undergo  this  change  in  the  liver  are  first  deprived  of  their  nitrogen 
by  a  process  of  dcaminization  and  that  the  non-nitrogenous  organic 
acid  remaining  is  synthesized  to  sugar.  From  alanin,  for  example, 
by  deaminization,  lactic  acid  would  lie  produced — 

CH,CHNH^OOH  +  H^:)  =  CH,CHOHCOOH  +  NH,, 

and  it  is  believed  that  the  lactic  acid  can  be  synthesized  to  sugar — 
2C»H«0i  =  aH.^B. 

The  conclusion  to  be  drawii  from  such  experiments  is  strengthened 
by  clinical  experience  upon  human  beings  suffering  from  dial>etes. 
In  severe  forms  of  this  disease  the  carbohydrate  material  of  the 
food  escapes  oxidation  in  the  body  and  is  secreted  unchanged  in 
the  urine.  If  under  these  conditions  the  individual  is  given  an 
exclusively  protein  diet,  sugar  still  continues  to  appear  in  the 
urine,  and  it  would  seem  that  this  sugar  can  only  arise  from  the 
protein  food.  In  the  similar  conilition  of  severe  glycosuria  that 
may  be  produced  by  the  use  of  phlorizin  it  has  been  shown  that  the 
animal  continues  to  excrete  sugar  even  when  fed  on  protein  alone 
or  when  starved.  Under  such  conditions  the  amount  of  dextrose  in 
the  urine  bears  a  definite  ratio  to  the  amount  of  nitrogen  exci*eted 
D  :  N  ::  3.65  :  1  (Lusk),  which  would  indicate  that  both  arise 
from  the  breaking  down  of  the  protein  m<]lecule.  8o  also  the  fact 
that  during  prolonged  starvation,  lasting  for  forty  or  even  ninety 
days,  the  blood  retains  a  practically  constant  compi>sition  in  sugar 
indicates  that  this  material  is  being  formed  from  either  the  protein 

♦  Dakin,  "Journal  of  Biological  Chemistry,"  14,  321,  1913. 
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'the  blood  as  free  sugar,  a  conditiou  of  hyperglycemia  and  glyco- 
la  must  evidently  result,  because  the  Uver  cannot  l>e  s^upposed 
rhandle  the  large  amount  of  sugar  ilerived  from  the  carbohydrates 
an  ordinary''  meal.  We  know  that  glycosuria  does  occur  when 
ikhe  carbohydrates  are  eaten  in  excess  (alimentary  glycosuria)  for 
this  ver>'  reason.  But  within  what  we  may  call  the  normal 
limit-s  of  a  carbohyilrate  diet  it  seems  most  probable  that  the 
contents  of  the  port^al  vein  never  rise  much  above  the  usual  level, 
since  the  carbohydrate  is  absorbed  slowly  during  a  period  of  four 
to  five  hours,  and  during  this  period  a  very  large  amount  of  l>lood 
must  flow  through  the  intestines,  as  much  perhaps  in  five  hours 
as  180  to  190  liters,  if  one  may  apply  to  man  the  results  of  Biirtoa- 
Opitz,  obtained  for  the  dog,  namely^  a  flow  of  31  c.c.  per  minute 
for  each  100  gms.  of  intestine.  There  is^  therefore,  no  reason  to 
suppose  that  the  power  of  the  Liver  to  convert  the  dextrose  to  gly- 
cogen is  overtaxed  by  the  amount  of  sugar  Ijfought  to  it  dur- 
ing digestion.  From  time  to  time  the  glycogen  of  the  liver 
is  reconverted  into  sugar  (dextrose)  and  is  given  off  to  the  blood. 
By  this  means  the  percentage  of  sugar  in  the  systemic  blood 
is  kept  nearly  constant  (0.1  to  0.2  per  cent.)  and  within  limits 
best  adapted  to  the  use  of  the  tissues.  The  great  imjiortance  of  the 
formation  of  glycogen  and  the  conse<iuent  conser\^ation  of  the  sugar 
supply  of  the  tissues  is  evident  when  we  consider  the  mitriti%'e  value 
of  carbohydrate  food.  Carbohydrates  form  the  bulk  of  our  usual 
diet,  and  the  proper  regtdation  of  the  supply  t-o  the  tissues  is^  there- 
fore, of  vital  imiKirtance  in  the  maintenance  of  a  normal,  healthy 
condition.  The  second  part  of  this  theorj',  wMeh  holds  that  the 
gljTogen  is  reconverted  to  dextrose,  is  supported  by  obser%^ation8 
upon  livers  removal  from  the  body.  It  lias  been  found  that  shortly 
after  the  removal  of  the  liver  the  supply  of  glycogen  l>egins  to  dia- 
apl>ear  and  a  corresjxjnding  increase  in  dextrose  occurs.  Within  a 
comjMirativ^ely  short  time  all  the  glycogen  is  gone  and  only  dextrose 
is  found.  Itis  for  this  reason  that  in  theej^timaMon  of  glycogen  in  the 
liver  it  is  necessary  to  mince  the  organ  and  to  throw  it  into  boiling 
water  as  quickly  as  possible,  since  by  this  means  the  liver  cells  are 
killed  and  the  conversion  of  the  glycogen  L^  stopped.  How  the  gly- 
cogen is  changed  to  dextrose  by  the  liver  is  a  matter  nt)t  fully  ex- 
plained. According  to  most  authors,  the  conversion  is  due  to  an 
enzyme  pn>duced  in  the  liver.  Extracts  of  liver,  as  of  some  other 
tissues,  yield  an  enzy^me  fglycogena.se)  that  changes  glycogen  to  dex- 
trose,* It  is  probable,  therefore,  that  the  normal  conversion  of  gly- 
cogen to  dextrose  is  effectetl  by  a  sjx^cial  enzyme  pnjduced  in  the 
liver  cells.  In  this  description  of  the  origin  and  meaning  of  the  liver 
glycogen  reference  has  been  made  only  to  the  glycogen  derived 
•  Tebb.  "Journal  of  Physiology,"  22,  423,  1897-08. 
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or  fat-supply  of  the  body.  Other  considerations  tend  to  exclude  the 
fat,  and  we  arc*,  therofore,  led  to  the  belief  that  the  protein  can  give 
rise  to  suj^ar  in  the  body. 

Effect  of  Fats  upon  Glycogen  Formation . — A  large  number  of 
substances  have  l>een  found  by  some  observers  to  increase  the  store 
of  glycogen  in  the  liver.  In  some  of  these  cases  at  least  it  is  e\ident 
that  the  substance  is  not  a  direct  glycogen-former  in  the  sense  that 
the  material  Ls  it-self  converted  to  glycogen.  It  may  increase  the 
supply  of  liver  glycogen  in  some  indirect  way, — ^for  example,  by 
diminishing  the  consiunption  of  glycogen  in  the  body.  The  most 
import-ant  substance  in  this  connection  from  a  practical  standpoint 
is  fat.  \\Tiether  or  not  the  brxly  can  convert  fats  into  sugar  or 
glycogen  is  a  question  about  which  at  present  there  is  nmch 
difference  of  opinion,  and  much  evidence  might  be  cited  on  each  side, 
Cremer.  however^  has  furnished  api)arent  proof  that  glycerin  acts 
as  a  direct  glycogen  or  sugar-former.  When  fed,  especially  in  the 
diabetic  condition,  it  causes  an  increase  in  the  sugar  which  can  not 
l>e  explained  as  a  rastdt  of  protein  nietahnlism.  Since  in  the  body 
neutral  fats  are  normally  split  into  glycerin  and  fatty  acid,  the  fact 
that  glycerin  can  be  converted  to  sugar  seeins  to  carry  ^ith  it  the 
admission  that  fats  may  contribute  directly  to  sugar  production* 
Whether  the  synthesis  of  sugar  (or  gl>'cogeu)  from  glycerin  is, 
so  to  speak,  a  nttrmnl  process  or  occurs  only  under  especial  condi- 
tions, cannot  be  decided  at  present.  Since,  however,  the  glycerin 
radicle  constitutes  but  a  small  fraction  of  the  fat  molecule,  the 
quantitative  importance  of  a  change  of  this  kind  cannot  bo  very 
great  under  any  circumstances. 

The  Function  of  Glycogen — Glycogenic  Theory. — The 
meaning  of  the  formation  of  glycogen  in  the  liver  has  been,  and 
still  is,  the  subject  of  discussion.  The  view  advanced  firet  by 
Beruani  is  perhaps  most  K^ii*^rally  acceptoil.  According  to 
Bernard,  glycogen  forms  a  temporary  reserve  supply  of  earbo- 
hytlrate  material  that  is  laid  up  in  the  liver  during  digestion  and 
is  gradually  made  use  of  in  the  intervals  between  meals.  During 
digestion  the  carbohydrate  food  is  absorbed  into  the  blood  of  the 
pfirtal  system  u^  dextroye  or  as  dextrose,  levulose,  and  galactose. 
If  these  sugars  [tuKsed  through  the  liver  unrhanped.  the  contents 
of  the  systemic  l>bod  in  sugar  would  be  increaseti  perceptibly, 
giving  the  condition  designated  as  hyperglycemia  and  the  excess  of 
stigar  would  be  excreted  by  the  kidneys.  But  as  the  blood  from 
the  digestive  organs  passes  through  the  liver  the  excess  of  sugar  i? 
abstracted  l>y  the  li\'er  cells,  is  dehydrated  to  make  glycogen,  and  is 
retained  in  the  cells  in  this  fonn  for  a  short  period.  An  objection 
has  been  made  to  this  part  of  the  glycogenic  h3rpothesi8  by  Pavy  on 
the  ground  that  if  all  the  carbohydrates  of  a  meal  were  absorbed 
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into  the  bIoo<I  as  free  sugar,  a  condition  of  hyperglyrcraia  and  glyco- 
suria must  evidently  result,  because  the  liver  cannot  be  supjxjwed 
to  handle  the  large  amount  of  sugar  derived  from  the  carl>ohyfirnte3 
of  an  onHnury  meal.  We  know  that  glycasuria  does  occur  when 
the  carboliyd rates  are  eaten  in  excess  (alimentary  glycosuria)  for 
this  very  reason.  But  within  what  we  may  call  the  normal 
limit*s  of  a  carl>ohydrate  diet  it  seems  most  probable  that  the 
contents  of  the  portal  vein  never  rise  much  above  the  usual  level, 
since  the  carbohydrate  is  absorbed  slowly  during  a  period  of  four 
to  five  hours,  and  iluring  this  period  a  very  large  amount  of  blood 
must  flow  through  the  intestines,  as  much  perhaps  in  five  liours 
as  180  to  190  liters,  if  one  may  apply  to  man  the  results  of  Burton- 
Opitz,  obtained  for  the  dog,  namely,  a  flow  of  31  c,c.  per  minute 
for  each  100  pi^-*^'  of  intestine.  There  is,  therefore,  no  reason  to 
suppose  that  the  ]>ower  of  the  liver  to  convert  the  dextrose  to  gly- 
cogen is  overt,axed  by  the  amount  of  sugar  brought  to  it  dur- 
ing digestion.  From  time  to  time  the  glycogen  of  the  liver 
is  reconverted  into  su^ar  (dextrose)  and  is  given  olT  to  the  bItKKi. 
By  this  means  the  percentage  of  sugar  in  the  systemic  blood 
is  kept  nearly  constant  (0.1  to  0.2  per  cent.)  and  wnthin  limits 
best  adapted  to  the  use  of  the  tissues.  The  great  importance  of  the 
formation  of  glycogen  and  the  consequent  conser^^ation  of  the  sugar 
supply  of  the  tissues  is  evident  when  we  consider  the  nutritive  value 
of  carbohydrate  food.  Carbohydrates  form  the  bulk  of  our  usual 
diet,  and  the  proper  regulation  of  the  supply  to  the  tissues  is,  there- 
fore, of  vital  importance  in  the  maintenance  of  a  normal^  healthy 
condition-  The  second  ]iart  of  this  theory',  which  holds  that  the 
glycogen  is  reconverted  to  dextrose,  is  supportetl  liy  observations 
upon  livers  rejntived  frt^m  the  lx>dy.  It  lias  been  found  tiuit  shortly 
after  the  removal  of  the  liver  the  supply  of  glycogen  begins  to  dis- 
appear and  a  corresjwndiiig  increase  in  dextrose  occurs.  Within  a 
companiti\'el>'  sliort  time  all  the  glycogen  is  gone  and  only  dextmse 
is  found.  It  is  for  this  reason  that  in  the  estimation  of  glycogen  in  the 
livej  it  is  necessary  to  mince  the  organ  and  to  throw  it  into  boiling 
water  as  quickly  as  possible,  since  by  this  means  the  liver  cells  are 
killed  and  tfie  con  version  of  the  glycogen  is  stopped.  How  the  gly- 
cogen is  changed  U)  dextrose  by  thclivor  is  a  matter  n<it  fully  ex- 
plained. According  to  most  authors,  the  conversion  is  due  to  an 
enzyme  produced  in  the  liver.  Extracts  of  liver,  as  of  some  other 
tissues,  yield  an  enzyme  (glycogenase)  that  changes  glycogen  to  dex- 
trose.* It  is  probable,  therefore,  that  the  normal  conversion  of  gly- 
cogen to  ilextrose  is  effect e<l  by  a  special  enzyme  produced  in  the 
liver  cells.  In  tiiis  description  of  the  origin  and  meaning  of  the  liver 
glycogen  reference  has  been  made  only  to  the  glycogen  derived 
•Tebb,  "Jouraa!  of  Physiology,"  22,  423,  1897-98. 


or  fat-supply  of  the  body.  Other  considerations  tend  to  exclude  the 
fat,  and  we  are,  therefore,  led  to  the  Iw^iief  that  the  protein  can  give 
rii*e  to  HUKar  in  the  body. 

Effect  of  Fats  upon  Glycogen  Formation. — ^A  large  number  of 
substances  have  been  found  by  sojne  obser\*ers  to  increase  the  store 
of  glycogen  in  the  livex.  In  some  of  these  cases  at  least  it  is  evident 
that  the  substance  is  not  a  direct  glycogen-former  m  the  sense  that 
the  material  b?  itst»lf  converted  to  glycogen.  It  may  increase  the 
supply  of  liver  glycogen  in  some  indirect  way, — for  example,  by 
diminishing  the  eonsimiption  of  glycogen  in  the  body.  The  most 
important  substance  in  tliis  connection  from  a  practical  standpoint 
is  fat.  TA'lietJier  or  not  the  body  can  convert  fats  into  sugar  or 
glycogen  is  a  question  aljo\it  which  at  present  there  is  much 
difference  of  opinion,  and  much  evidence  might  be  cited  on  each  side. 
Cremer,  howe\'er,  ha.s  furnished  apimrcnt  proof  that  glycerin  acta 
as  a  direct  glycogen  or  sugar-fonner.  When  fed,  especially  in  the 
diabetic  condition,  it  causes  an  increase  in  the  sugar  which  can  not 
be  explained  as  a  result  ui  protein  nietalKjlism.  Since  in  the  body 
neutral  fats  are  norniall>'  sj>lit  into  glycerin  antl  fatty  acid,  the  fact 
that  glycerin  can  be  converted  to  sugar  seems  to  carr>'  with  it  the 
admission  that  fats  may  contribute  din^ctly  to  sugar  pnxJuction. 
Whether  the  synthesis  of  sugar  (or  glycogen)  from  glycerin  is, 
so  to  speak,  a  normal  process  iir  occurs  only  under  especial  (condi- 
tions, cannot  be  decided  at  present.  Since,  however,  the  glycerin 
radicle  constitutes  but  a  small  fran^tion  of  the  fat  molecule,  the 
quantitative  importance  of  a  change  of  this  kind  cannot  b©  very 
great  under  any  circumstances. 

The  Function  of  Glycogen — Glycogenic  Theory. — The 
me-aning  of  the  formation  of  glycogen  in  the  liver  has  been,  and 
still  is,  the  subject  of  discussion.  The  view  a^lvanced  first  by 
Bernard  i,s  |>crhaps  most  generally  acceptr'd.  According  to 
Bernard^  glycogen  fonns  a  temporary  reserve  supply  of  carbo- 
liydrate  material  tfiat  is  laid  up  in  the  liver  durmg  digestion  and 
is  gradually  made  use  of  in  the  intervals  between  meals.  During 
fii^ewtion  the  carbohydrate  food  is  absorbed  into  the  blood  of  the 
portal  system  as  dextrose  ta*  as  dextrose,  levulose,  and  gahwtosc. 
If  these  sugars  passed  through  the  liver  unchanged,  the  contents 
of  the  systemic  blowl  in  sugar  would  be  increased  perceptibly, 
^ving  the  condition  designated  as  h>i>erglyceniia  and  the  excess  of 
sugar  would  be  excreted  by  the  kidneys.  But  jis  the  blood  from 
the  digestive  organs  passes  through  the  liver  the  excess  of  sugar  i* 
abstracted  by  the  liver  cells,  is  dehydrated  to  make  glycogen,  and  is 
retained  in  the  cells  in  this  form  for  a  short  period.  An  objection 
has  been  made  to  this  part  of  the  glycogenic  hypothesis  by  Pa\*y  on 
the  ground  that  if  all  the  carbohydrates  of  a  meal  were  absorbed 
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into  tho  blood  as  free  sugar,  a  condition  of  hyix^rglycemia  and  glyco- 
suria must  e\'idently  result,  hecause  the  liver  cannot  be  suppofsed 
to  handle  the  hirge  ainouutof  sugar  derived  from  the  carbohydrates 
of  an  ordinary  meal.  We  know  that  glycosuria  does  occur  when 
tho  carbohydrates  are  eat^'n  in  excess  (alimentary  glynosuria)  for 
this  very  reason.  But  within  what  we  may  call  the  normal 
limits  of  a  carbohydrate  diet  it  seems  most  probable  that  the 
contents  of  the  portal  vein  never  rise  much  above  the  usual  level. 
since  the  carbohydrate  is  absorbed  slowlj^  during  a  period  of  four 
to  five  hours,  anil  during  this  p(Tiod  a  very  large  amount  of  blood 
must  flow  through  the  intestines,  as  much  perhaps  in  five  hours 
as  180  to  190  liters,  if  one  may  apply  to  man  the  results  of  Burton- 
Opitz.  obtained  for  the  flog,  namely,  a  flow  of  31  c.c.  per  minute 
for  each  100  gms.  of  intestine.  There  is,  therefore,  no  rea.son  to 
suppose  that  the  power  of  the  liver  to  convert  the  dextrose  to  gly- 
cogen is  overtaxed  by  the  amount  of  sugar  brought  to  it  flar- 
ing digestion.  From  time  to  time  the  glycogen  of  the  liver 
is  reconverted  into  sugar  (dextrose)  and  is  given  ofT  to  the  blootb 
By  this  means  the  percentage  of  sugar  in  the  systemi*-  blood 
is  kept  nearly  constant  (0.1  to  0.2  per  cent.)  and  within  limit-s 
best  adapt-ed  to  the  use  of  the  tissues.  The  great  importjince  of  the 
formation  of  glycogen  and  the  consequent  conservation  of  the  sugar 
Bupply  of  the  tissues  is  evident  when  we  consider  the  nutritive  value 
of  carbohydrate  food.  Carbohydrates  fonn  the  bulk  of  our  usual 
diet,  and  the  proper  regulation  of  the  supi>ly  to  the  tissues  is,  there- 
fore, of  vital  importance  in  the  maintenance  of  a  normal,  healthy 
condition.  The  second  part  of  tliis  theon\  which  holds  that  the 
glycogen  is  rec4]nverte<l  to  dextrose,  is  supported  by  obser\'atioE8 
ujx)u  Uvers  removed  from  the  body.  It  has  been  foimd  that  shortly 
after  the  removal  of  the  liver  the  supply  of  glycogen  begins  to  dis- 
appear and  a  corres|K>nding  increase  Ln  dextrose  occurs.  Within  a 
comi>aratively  slifirt  time  all  the  glycogen  is  gone  an*_l  only  dextrose 
is  found.  It  is  for  this  reason  that  in  the  estimalion  of  glycogen  in  the 
liver  it  is  necessar>' t-o  mince  the  organ  and  to  throw  it  into  boiling 
water  as  quickly  as  possible,  since  by  this  means  the  liver  cells  are 
killed  and  tlie  conversion  of  tho  glycijgen  Is  stt>pped.  How  the  gly- 
cogen is  changed  tu  dcxtr<j>io  by  the  livor  is  a  matter  nc»t  fully  ex- 
plained. According  to  most  autliors,  the  conversion  is  due  to  an 
enzyme  produced  in  the  liver.  Extracts  of  liver,  as  of  some  other 
tissues,  yield  an  enzyme  (glycogenase)  that  changes  glycogen  to  dex- 
trose.* It  is  t)robabk%  therefore,  that  tlie  normal  conversion  of  gly- 
cogen to  dextrose  is  effected  by  a  sfiecial  enzyme  produced  in  the 
liver  cells.  In  this  description  of  the  origin  and  meaning  of  the  liver 
glycogen  reference  has  iDeen  made  only  to  the  glycogen  derived 
•  Tebb,  "Journal  of  Fhy fiiology. "  22,  423.  1897-98. 
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or  fat -supply  of  the  body.  Other  considerations  tend  to  exclu(lethe 
fat.  and  we  are,  therefore,  led  to  the  behef  that  the  protein  can pvf 
rise  to  sugar  in  tho  body. 

Effect  of  Fats  upon  Glycogen  Formatinn, — A  large  number  <A 
substances  have  l^een  fonnd  li}-  sojiie  obs*»r\'ers  to  increjise  theston 
of  glycogen  in  the  liver.  In  some  of  these  cases  at  least  it  Lb  evident 
that  the  substance  Ls  not  a  direct  glycogen-fonuer  in  the  eense  ihat 
the  material  is  itself  converted  to  glycogen.  It  may  increaac  tbe 
supply  of  liver  glycogen  in  some  indirect  way, — ^for  example,  by 
diminishizig  the  consumption  of  glycogen  in  the  body.  Tlie  roost 
imjTortant  substance  in  this  connection  from  a  practical  standpoint 
is  fat.  Whether  or  not  the  iHwly  can  convert  fats  into  sug&r  or 
gh'cogen  is  a  question  abo\it  which  at  present  there  is  inoch 
difference  of  opinion,  and  much  evidence  might  be  cited  on  each  aide. 
Cremer.  however,  hiis  furnished  apparent  proof  that  glycerin  acU 
as  a  direct  glycogen  or  sugar-fom^er.  \\Tien  fed,  especially  in  the 
diabetic  condition,  itcaiLses  an  increase  in  the  sugar  which  can  not 
be  expiaine<l  as  a  result  of  protein  metalx>lisni.  Since  in  the  body 
neutral  fata  are  normally  split  into  glycerin  and  fatty  acid,  the&ct 
that  glycerin  can  be  converted  to  sugar  seeins  to  cany  with  it  tk 
admission  that  fats  may  contrihute  directly  to  sugar  pnklurtion. 
Whether  the  synthesis  of  sugar  (or  glycogen)  from  glycerin  ls 
so  to  speak,  a  normal  process  or  occurs  only  under  especial  condi- 
tions, cannot  be  decided  at  jiresent.  Since,  however,  the  glycerin 
radicle  constitutes  Iiut  a  small  fraction  of  the  fat  molecule,  the 
quantitative  importance  of  a  change  of  this  kind  cannot  beyttf 
great  under  any  cu'cumstunces. 

The  Function  of  Glycogen — Glycogenic  Theory.— Tbe 
meaning  of  the  formation  of  glycogen  in  the  liver  has  been,  »od 
still  is,  the  subject  of  discussion.  The  view  advance*!  first  by 
Bernard  is  perliaps  most  generally  accepted.  According  tt 
Bernani,  glycogen  forms  a  temporary  reserve  supply  of  carbo- 
Iiytlrate  material  that  is  laid  up  in  the  liver  during  digestion  and 
is  gradually  mjule  use  of  in  the  intervals  between  meals.  DuriniE 
digestion  the  carbohydrate  food  Is  absorbed  into  the  bl»»(.Ml  **l  tbe 
portal  system  as  dextrose  or  as  dextrose,  levulose,  and  galactose. 
If  these  sugars  passed  tlirough  the  liver  unchanged,  the  conlctiu 
of  the  systemic  blood  in  sugar  would  he  increased  perceptibly, 
p\nng  the  condition  designated  as  h3']>erglyceniia  and  the  exces»of 
sugar  would  he  excreted  by  the  kidnej"^.  But  as  the  blood  from 
the  digestive  organs  passes  through  the  liver  the  excess  of  sugar  i* 
abstracted  by  the  liver  cells,  is  dehydrated  to  make  glycogen,  ami  i? 
rettdned  in  the  cells  in  this  form  for  a  short  period.  An  objeiiioD 
has  been  made  to  this  part  of  the  glycogenic  hypothesis  by  Paw  on 
the  ground  that  if  all  the  carbohydrates  of  a  meal  were  abawbfd 
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into  the  blood  as  free  sugar,  a  couditiun  of  hyperglycemia  and  glyco- 
suria must  evitlently  result,  because  the  liver  caniiot  be  supposed 
to  handle  the  large  amount  of  sugar  derived  from  the  carl>ohydrates 
of  an  ordinarj'  meal.  We  know  that  glycosuria  does  occur  when 
the  carbohydrates  are  eaten  in  excess  (alimentary  glycosuria)  for 
this  very  reason.  But  \\ithin  what  we  may  call  the  normal 
limits  of  a  carbohydnite  diet  it  seems  most  probable  that  the 
contents  of  the  porl^il  vein  never  rise  much  above  the  usual  level, 
since  the  carbohydrate  is  absorbed  slowly  during  a  period  of  four 
to  five  hours,  and  during  this  perio<l  a  very  liirge  amount  of  blood 
nujst  flow  through  the  intestines,  as  much  perhaps  in  five  hours 
as  180  to  190  liters,  if  one  may  apply  to  man  the  results  of  Rurton- 
Opitz,  obtained  for  the  dog,  namely,  a  ftow  of  31  c.c.  per  minute 
for  each  100  gms.  of  intestine.  There  is,  therefore,  no  reason  to 
suppose  that  the  power  of  the  liver  to  convert  the  dextrose  to  gly- 
cogen is  overtaxed  by  the  amount  of  sugar  brought  to  it  dur- 
ing digestion.  From  time  to  time  the  glycogen  of  the  liver 
is  reconverted  into  sugar  (dextrose)  and  is  given  off  to  the  blood. 
By  this  means  the  percentage  of  sugar  in  the  systemic  liloixl 
is  kept  nearly  constant  (0.1  to  0.2  per  cent.)  and  within  limits 
best  adapteti  to  the  use  of  the  tissues.  The  great  imporUince  of  the 
fommtion  of  glycogen  and  the  consecjuent  consen'ation  of  the  sugar 
supply  of  the  tissues  is  evident  when  we  consider  the  nutritive  value 
of  carl>ohydrate  food.  Carbohydrates  form  the  bulk  of  our  usual 
diet,  and  the  proper  regulation  of  the  supply  to  tlie  tissues  is,  there- 
fore, of  vital  ijn(X)rtance  in  the  maintenance  of  a  normal,  healthy 
condition.  The  second  part  of  this  the<ir>*,  which  holds  that  the 
glycogen  is  reconverted  to  dextrose,  is  suppcjrteil  by  ol>ser\'ationfl 
upon  livers  removed  from  the  body.  It  has  been  found  that  shortly 
after  the  removal  of  the  liver  the  supj)ly  of  glycogen  begins  to  di&- 
api)ear  antl  a  corresjwnding  increase  in  dextrose  occurs.  Within  a 
comparatively  short  time  all  the  glycogen  is  gone  an<l  only  dextrose 
is  found.  It  is  for  this  re^isr^n  that  in  the  estimation  of  glycogen  in  the 
liver  it  is  necessary  to  mince  the  organ  and  to  throw  it  into  boiling 
water  as  quickly  as  possible,  since  by  this  means  the  liver  cells  are 
killed  and  the  conversion  of  the  glyungen  Ls  sti>pped.  How  the  gly- 
cogen is  changed  to  dextrose  by  the  liver  is  a  matter  not  fully  ex- 
plained. Acc<»rding  to  most  authors,  the  conversion  is  due  to  an 
enzyme  produced  in  the  liver.  Extracts  of  liver,  as  of  some  other 
tissues,  yield  an  enzjine  (glycogenase)  that  changers  glycogen  to  dex- 
trose.* It  is  probalile,  therefore,  that  the  normal  conversion  of  gly- 
cogen to  dextrose  is  effected  l>y  a  special  enxyme  produced  in  the 
liver  cells.  In  this  description  of  the  origin  and  meaning  of  the  liver 
glycogen  reference  has  been  made  only  to  the  glycogen  derived 
•  Tebb,  "Journal  of  Phyaiology,"  22,  423,  1897-08. 
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directly  from  digested  carbohydrate-s.  The  glycogen  derivftl 
from  protein  foo<ls,  once  it  is  formed  in  the  liver,  has,  of  count, 
the  same  functions  to  fulfil.  It  is  eonvcrt^Ki  into  sugar,  &tuJ 
eventually  is  oxidized  in  the  tissues.  For  the  sake  of  compleleDw 
it  may  be  well  to  add  that  some  of  the  sugar  of  the  blood  formed 
from  the  glycogen,  when  an  excess  Ls  eaten  beyond  the  eneri}' 
needs  of  the  tissues,  may  he  converted  into  fat  in  the  adipon 
tissues  instead  of  being  burnt,  and  in  this  way  it  may  be  retaiad 
in  the  body  as  a  reserve  supply  of  food  of  u  iiinre  stable  ciwirarter. 

Glycogen  in  the  Muscles  and  other  Tissues. — ^The  liifilory  of 
glycogen  is  not  complete  without  some  reference  to  its  occurrence  h 
the  muscles.    Glycogen  is,  in  fact,  found  in  various  places  in  the  body, 
and  Ls  widely  distributed  throughout  the  animal  kingdom.     It  occure, 
for  example,  in  leucocytes,  in  the  placenta,  in  the  rapidly  growing 
tissues  of  the  embryo,  and  in  considerable  abundance  in  the  pyrt» 
and  other  molluscs.     But  in  our  bodies  and  in  those  of  the  rfiMmnMk 
generally  the  most  significant  occurrence  of  glycogen,  outside  the 
liver,  is  in  tlie  voluntar>'  muscles,  of  which  glycogen  fonns  a  Donnal 
constituent.     It  has  been  estimated  that  the  percentage  of  glycogen 
in  resting  muscle  varies  from  0.5  to  0.9  per  cent,  and  that  in  the 
musculature  of  the  whole  body  there  may  be  contained  an  aniount 
of  glyroRen  equal  to  that  in  the  liver  itself,     ^fuscular  tissue.  i« 
well  as  liver  tissue,  has  a  glycogenctic  function— that  is.  it  i<  c*^ 
able  of  laying  up  a  supply  of  glycogen  from  the  sugar  brought 
to  it  by  the  blood.    The  glycogenetic  function  of  muscle  has  ban 
demonstrated  directly  by  Kulz,*  who  has  shown  that  an  isohtcd 
muscle  irrigated  with  an  artificial  supply  of  blood  to  wliich 
is  added  is  capable  of  changing  the  dextrose  to  glycogen,  as 
by  the  increase  in  the  latter  substance  in  the  muscle  after  inigir 
taon.     Muscle  glycogen  is  to  be  looked  upon  as  a  temporan'  and 
local  reserve  supply  of  material;  so  that,  while  we  have  in  the 
liver  a  large  general  depot  for  the  tenijX)rar\'  storage  of  glycogeo  for 
the  use  of  the  body  at  large,  the  muscular  tissue,  which,  considerinfi 
its  bulk,  is  the  most  active  tissue  of  the  body  from  the  standpoint 
of  energy  production,  is  also  capable  of  laying  up  in  the  form  of  gly- 
cogen any  excess  of  sugar  brought  to  it.     The  fact  that  glycogen 
occursso  widely  in  the  rapidly  growing  cells  of  embr\'osin(hcatP9 
this  glycogenetic  function  may  at  times  bo  exercised  by  any  t 

Conditions  Affecting  the  Supply  of  Glycogen  in  Muscle  afl4 
Liver. — In  accortlance  with  the  view  given  above  of  the  general  value 
of  glycogen — namely,  that  it  is  a  temporaiy  reserve  supply  jt 
carbohydrate  material  that  may  be  rapidly  converted  to  sugar 
oxidized  with  the  liberation  of  eneig>' — it  is  found  that  the 
of  glycogen  is  greatly  affected  by  conditions  calling  for  inc; 
♦  Kuk,  *'Zeitschrift  f.  Biologic,"  72,  237.  1890. 
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metabolism  in  the  body.  Muscular  exercise  quickly  exhausts  the 
supply  of  muscle  and  liver  glycogen,  pn)vided  it  is  not  renewed 
by  new  food.  Observations  on  isolateil  muaclcs  have  shown 
definitely  that  the  local  supply  of  glycogen  is  diminished  when  the 
muscle   is   maJe   to   contract  (see  p.  67).      In  a  starving  animal 

I  glycogen  finally  disappears,  except  perhaps  in  traces,  but  this 
disappearance  occvu-s  much  sooner  if  the  animal  is  made  to  use  its 
muscles  at  the  same  time.  It  has  been  shown  also  by  Morat  and 
Dufourt  that  if  a  muscle  has  l>een  made  to  contract  vigorously 
it  takes  up  much  more  sugar  from  an  artificial  supply  of  blood  sent 
through  it  than  a  similar  muscle  which  has  been  resting  ;  on  the 

I  other  hand,  it  has  been  found  that  if  the  nerve  of  one  leg  is  cut 
so  as  to  paralyze  the  muscles  of  that  side  of  the  body,  the  amount 
of  glycogen  is  greater  in  these  muscles  than  in  those  of  the  other 
leg  that  have  been  contracting  meantime  and  using  up  their  gly- 
cogen. The  further  history  of  glycogen  is  considered  in  the  section 
on  Nutrition- 
Formation  of  Urea  in  the  Liver. — The  nitrogen  contained  in 
the  protein  material  of  our  food  is  finally  eliminated^  mainly  in  the 

»form  of  urea.  It  has  been  definitely  proved  that  the  ui^ea  is  not 
formed  in  the  kidneys,  the  organs  that  eliminate  it.  It  has  long  been 
considered  a  matter  of  the  greatest  importance  to  ascertain  in  what 
organ  or  tissues  ui-ea  is  foi-med.  Investigations  have  gone  so  far  as 
to  demonstrate  that  it  arises  in  part  at  least  in  the  liver;  hence  the 
property  of  forming  urea  must  be  added  to  the  other  important  func- 
tions of  the  liver  cell.  Schroder  *  performed  a  number  of  experi- 
ments in  which  the  Uver  was  taken  from  a  freshh'  killed  dog  and 
irrigated  through  its  blood-vessels  with  a  supply  of  blood  obtained 
from  another  dog.  If  the  supply  of  blood  was  taken  from  a  fasting 
animal,  then  circulating  it  through  the  isolated  hver  was  not  followed 
by  any  increase  in  the  amount  of  ui*ea  contained  in  it.  If,  on  the 
contrary,  the  bhtnd  was  obtained  from  a  well-fed  dog,  the  amount 
of  urea  contained  in  it  was  distinctly  increased  by  passing  it  through 
m  the  Hver,  thus  indicating  that  the  blood  of  an  animal  after  digestion 
contains  something  that  the  liver  can  convert  to  urea.  It  is  to  be 
noted,  moreover,  that  this  power  Ls  not  possessed  by  all  the  organs, 
since  blood  from  well-fed  animals  showed  no  increase  in  urea  after 

t  being  circulated  through  an  isolated  kidney  or  musi^le.  As  further 
proof  of  the  urea-forming  power  of  the  liver  Schroder  found  that 
if  ammonium  carbonate  was  added  to  the  blood  circulating  through 
the  liver — to  that  from  the  fasting  as  well  as  from  the  well-nourished 
animal — a  very  decided  increase  in  the  urea  was  alwaj's  obtained. 
It  follows  from  the  last  experiment  that  the  liver  cells  are  able  to 

♦  Archiv  f.  experimentellc  Fathologie  und  Pharmakologie,"  15,  364,  1882, 
and  10,  373,  1885. 
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convert  carbonate  of  ammoaium  into  urea.  The  reaction  maybe 
expressed  by  the  equation  (NH^)/^03-2H20  ^  CON^,.  Schon- 
dorff  *  in  some  later  work  showed  that  if  the  blood  of  a  fastlnje  <kif 
i£  irrigated  through  the  liind  legs  of  a  well-iiourishe<l  animal,  do 
increase  ui  urea  in  the  b!ood  ran  be  detected;  but  if  the  blood,  aflft 
irrigation  through  the  hind  legs,  is  sub&erjuently  passed  throujch  the 
Uver.  a  nuirkcil  increase  in  urea  results.  Obviously,  the  blood  in  tliis 
experiment  derives  something  from  the  tissues  of  the  leg  wliich  the 
tissues  themselves  cannot  convert  to  urea,  but  which  the  liver  rclfc* 
can.  Finally,  in  some  remarkable  experiments  upon  dog?  madr  by 
four  invent igatoi-s  (Hahn,  Massen,  Nencki,  and  PawlowK  which  arc 
described  more  fully  in  the  next  chapter,  it  was  shown  that  when  th* 
hver  is  practically  destroyed  there  is  a  distinct  diminution  in  the 
urea  of  the  lu-ine.  In  birds  uric  acid  takes  the  place  of  urea  as  the 
main  nitrogenous  excretion  of  the  body,  and  Minkowski  has  shotm 
that  in  them  removal  of  the  liver  is  followed  by  an  important 
diminution  in  the  amount  of  uric  acid  excreted.  From  experimentj 
such  as  these  it  U  safe  to  conclude  that  urea  is  fomiefi  in  the  liver 
and  is  then  given  to  the  blood  and  excreteii  by  the  kidney.  Ifl 
treating  of  the  physiological  hisior>'  of  urea  an  account  will  liegivrn 
of  the  views  proposed  with  regard  to  the  antecedent  substance  or 
siibstances  from  which  the  liver  produces  urea. 

Physiology  of  the  Spleen, — Much  has  been  said  and  writtffl 
about  the  spk*en,  but  we  are  yet  in  the  dark  as  to  the  distinrlivp 
function  or  functions  of  this  orRan.  The  few  facts  that  arc  krumn 
may  Iw  stiUc<l  briefly  witliuut  going  into  the  details  of  theoricjlhat 
have  l»ei.*n  offcn^d  at  one  time  or  another.  The  older  ex|>eriinentm 
deinonstnitcd  tJiat  this  organ  may  be  removed  from  the  Ixxiy  with- 
out serious  injury  to  the  animal.  An  incretise  in  the  size  of  tif 
Ivniph-glanils  and  hyperplasia  of  the  bonc^-marrow  has  been  stated 
tocjccur  after  extirpation;  but  this  is  denied  by  others,  and,  whether 
true  or  not,  it  gives  lio  derisive  clue  to  the  normal  funi'tions  oi  the 
spleen.  Observations  upon  splenectomize<l  dogs  indicate  thatjl 
has  some  connection  with  the  regulation  (^the  supply  of  nnl  blufw: 
eofnuscles.T  Splenectomy  is  followed  always  by  an  a nemir  con- 
dition thin  la.sts,  however,  for  a  short  period  only.  Alter  iiw 
montlis  tlie  numlx't'  6t  red  corpuscles  returns  tononnal.  On  tb' 
other  hand,;injection  of  splenic  extracts  causes  a  distinct  although 
short-lasting  increase  in  the  blootl-count.  These  and  other  effeciiS 
observed  upon  the  bloo<i,  such  as  an  increasetl  resistance  to 
hemolysis,  cannot  as  yet  lie  interpreted  satisfactorily.  The  most 
definite  facta  known  about  the  spleen  are  in  connection  with  il^< 

•  PfluK<*r's  "Archiv  f.  die  Rosamintc  Physiolope,*'  54,  420,  1*^3.^^ 
t  Consult  Musetor  and  Kniinhhaar,  "Journid  of  Exp.  Mediciti*,**  IR,  ***» 
1913,  HJid  W,  lOH,  1914;  also  Pearcc  and  Pepper,  iWrf.,  20.  10.  1914. 
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movements.  It  has  l)een  sIio^^ti  that  there  is  a  slow  expansion  and 
ct>ntraction  of  the  organ  synchronous  with  the  digestion  pericids. 
After  a  meal  the  spleen  begins  to  increase  in  size,  reaclung  a  maSTniiim 
at  alK)ut  the  fifth  hour,  and  then  slowly  returns  to  its  previous  raze. 
This  movement,  the  meaning  of  which  is  not  known,  is  probably  due 
to  a  slow  vasfKiilatation,  together,  perhaps,  with  a  relaxation  of  the 
tome  contraction  of  the  musculature  of  the  tra1)ecul8D.  In  addition 
to  this  slow  movemeot,  Roy*  has  shown  that  there  is  a  rhytlynical 
contraction  and  relaxation  of  the  organ,  occurringincats_and_dog8 
at^interx'als  of  a1x^i,it  <^rLA_EmjnifP  Key  sup[JOse^  that  these  con- 
tractions are  effected  through  the  intrinsic  musculature  of  the  organ^ 
— that  is,  the  plain  muscle  tissue  present  in  the  capsule  and  trabeculse^ 
— and  he  believes  that  the  contract ittns  serve  to  keep  up  a  circulation 
through  the  spleen  and  to  make  its  vascular  supply  more  or  less 
independent  of  variations  in  general  arterial  pressure.  The  fact 
that  there  is  a  special  local  arrangement  for  maintaining  its  cir- 
culation makes  the  spleen  unique  among  the  oi^gans  of  the  body,  hut 
no  light  is  thrown  u]>iin  the  nature  of  the  fimction  fulfilled.  ^^^  _ 
spleen  is  supplied  richly  with  motor  nerve  Pbnj^  ^InrK  \i.h^fi  p^imr^- 
lated  either  directly  or  reflcxly  cause  the  organ  to  diminish  in 
volume.  According  to  Schaefer,t  these  fibers  are  contained  in  the 
splanchnic  nerves,  which  carry  also  inhibitor)'  fibers  whose  stimu- 
lation produces  a  dilatation  of  the  spleen. 

The  chemical  composition  of  the  spleen  is  complicated,  but  sug- 
gestive. Its  mineral  constituents  are  characterized  by  a  large 
percentage  of  iron,  which  seems  to  be  present  as  an  organic  compound 
of  some  kind.  Analysis  shows  also  the  jiresence  of  a  number  of  fatty 
acids,  fats,  cholesterin,  and,  what  is  perhaps  more  noteworthy,  a 
number  of  nitrogenous  extractives  belonging  to  the  group  of  purin 
bases,  such  as  xanthin,  hypoxantliin,  adenin.  guanin,  and  uric  acid. 
The  presence  of  these  Inxiies  seems  to  indicate  that  active  metabolic 
changes  of  some  kind  occur  in  the  spleen.  As  to  the  theories  of  the 
splenic  functions,  the  following  may  be  mentioned:  (1)  '"Phg  fiplagn 
has  l)een  supposed  to  give  rise  to  new  red  corpuscles.  This  it  un- 
doubtedlv'  does  during  fetal  life  and  shortly  after  birth,  and  in  some 
animals  throughout  life,  but  there  is  no  reliable  evidence  that  the 
function  is  retained  in  adult  life  in  man  or  in  most  of  the  niiunmals. 
The  presence  of  a  large  atixount  of  iron  in  organic  combination 
suggests,  however,  that  the  spleen  may  play  a  part  in  the  prepara- 
tion of  new  hemoghibin,  or  in  the  prestTvation  cjf  the  iron  set  free 
by  the  death  of  the  red  corpusi'les.  This  suggestion  is  strengthened 
by  the  fart  that  after  extirpation  of  the  spleen  tht^e  is  a  distinct 
increase  in  the  daily  loss  of  inm  from  the  body,  in  dogs  au  increase 

•  ''Journal  of  PhvHiolu^y."  3,  203.  1881. 
t/W.,  20,  1,  lS9tt. 
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from  11  to  18  or  29  mgm.*  (2)  It  has  been  suDPoaed  to  bpjm 
ory;an  for  the  destruction  of  red  corpuscles.  This  view  is  founded 
chiefly  on  microscopical  evidence,  according  to  which  certain 
large  ameboid  cells  in  the  spleen  ingest  and  destroy  the  old  red 
corpuscles,  and  partly  upon  the  fact  that  the  spleen  tissue  seems  to 
be  rich  in  an  iron-containing  compound.  (3)  It^has  been  sMg- 
gftfltgH  thftf.  t.hp  aplfion  \^  finncemed  in  the  production  of  unc  add 
This  substance  is  found  in  the  spleen,  as  stated  above,  and  it  was 
shown  by  Horbaczewsky  that  the  spleen  contains  substances  from 
which  uric  acid  or  xanthin  may  readily  be  formed  by  the  action  of 
the  spleen-tissue  itself.  Later  investigations!  have  shown  that 
the  spleen,  like  the  liver  and  some  other  organs,  contains  special 
enzymes  (adenase,  guanase,  and  xanthin  oxydase),  by  whose  action 
the  split  products  of  the  nucleins  may  be  converted  to  uric  acid, 
and  it  is  possible,  therefore,  that  this  latter  substance  may  be 
formed  in  the  spleen. 

*  Groasenbacher  and  Aaher,  "Zentralblatt  f.  Physiol,"  No.  12, 1906. 
t  Consult  Jonee  and  Austrian,  "Zeitschrift  f.  jidiyaioL  Chem.,"  48, 11(^ 
1906. 


CHAPTER  XLV. 
THE  KIDNEY  AND  SKIN  AS  EXCRETORY  ORGANS. 

Structure  of  the  Kidney. — ^The  kidney  is  a  compound  tubular 
|iand.  The  uriniferous  tubulea  composing  it  may  be  roughly 
aeparated  into  a^  secreting  part  comprising  the  capsule,  coavokrted 
tubes,  and  loop  of  Heiile.  and  a  coDeoting  nart.  the  so-called  straip;ht 
dfTbllectiiig  tul>e,  the  euitheliun)  of  which  is  assumed  not  to 
nave  any  secretory  function.  Within  the  secreting  part  the  epithe- 
lium differs  greatly  in  character  in  difTerent  regions?  its  peculiarities 
may  be  referred  to  briefly  here  so  far  sls  they  seem  to  have  a  physio- 

D         E  ^F  GL 


FtK.   298. — Portiona  of  the  various  diviaiona  of  tho  urinircroua  tubulea  drawn  from 

I  of  humut  kidney:    A,  Malpighion  body:   z,  squamouji  epithelium  lininR  the  cap- 

)  and  reflected  over  tno  fdomenilua;    y,  t,  afferent  and  efferent  vessels  of  tbe  tuft;   «, 

_  Jei  of  eapillariea;    n,  constricted  neck  murkins  paMaae  of  capmale  into  convoluted  tu- 

faiUe;    0,  proxiinal  convoluted  tuhule;    C.  irreicu&r  tubule;   D  and  F,  spiral  tubulea;   B, 

odinc  limb  of  Henle'a  loop;   O,  tftrai«ht  collecttnc  tubule.— (Piarao/.) 


logical  bearing,  although  for  a  complete  description  reference  must 
be  made  to  works  on  liistolog^v. 

The  arrangement  of  the  glandular  epithelium  in  the  cajjsule  with 
reference  to  the  blood-vessels  of  the  glomenihis  is  worthy  of  special 
attention.  It  will  be  rememl>ercd  that  each  Malpighian  corpuscle  con- 
sists of  two  principal  jmrts,  a  tuft  of  blood-vessels,  the  glomenilus,  and 
an  enveloping  expansion  of  the  uriniferous  tubule,  the  capsule.  The 
glomerulus  is  an  interesting  structure  (see  Fig.  298,  A).  It  consists 
of  asmall  afferent  artery  which  after  enterinj^  the  glomeruluH,  breaks 
up  into  a  number  of  capillaries.  These  capillaries^  although  twisted 
53  833 
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together,  Hn^not  anastomose,  and  thev  unite  to  form  a  sLngte  tfeirot 
vein  of  h  MyiHUpr  iliftinpt^r  than  the  afferent  arten.  The  ff 
structure,  therefore,  is  not  an  ordinary*  capillar>'  area,  but  &  rdt 
mirabiUj  and  the  physical  factors  are  such  that  within  the  opd- 
laries  of  the  rete  there  must  be  a  greatly  diminished,  vpln^ity  ^A& 


blood-stream,  owing  to  the  great  increaae  In  the  nidth  of  the  stnam 
bed,  and  a  higher  blood-pressure  than  in  ordinary  capillariq, 
owing  to  the  narrow  efferent  ves^l  and  the  capUI&rieg  of  the  tubule 
whict  form  a  resistance  beyond  the  rete.  Surrounding  this 
glomerulus  is^the  <|fljihltvyra|l^  capsule.  One  wall  of  the  cap> 
sule  ia  closely  adherent  to  the  capillaries  of  the  glomerulus;  it 
not  only  covers  the  structure  closely,  but  dips  into  the  interior 
between  the  small  lobules  into  which  the  glomerului?  is  di\id«l. 
This  layer  of  the  capsule  is  composed  of  flattened,  endofheliil- 
like  cells,  the  glomerular  epithelium,  to  which  great  importince 
is  attached  in  the  formation  of  the  secretion.  It  will  be  no- 
ticed that  between  the  interior  nf  tho  hln^-vpggAlo  r^f  frK^  ^Ir^n^lm 
and  the  ca^itv  of  the  capsule,  which  is  the  bppinnir^  nf  tha  imn- 
iferous  tubule,  there  are  interposed  onl}  two  very-  thin  layeta — 
namely^  ^he  epitEehum  of  the  capillary  wall  and  the  gtoroeniiar 
epithalimn.  The  apj^aratus  would~8eem  to  afford  moet  favonbk 
conditions  for  filtration  of  the  liquid  parts  of  the  blood.  The  epi- 
thelium clothing  the  convoluted  portions  of  the  tubule,  indudig 
under  this  designation  the  so-called  irregular  and  spiral  portiom 
and  the  loop  of  HenJe,  b  of  a  character  quite  different  from  that  d 
the  glomerular  epithelium  (Fig.  29S,  B,  C.  D,  E,  F,  (7).  The  cells, 
speaking  generally,  are  cuboidal  or  cylindrical,  protoplasmic,  mi 
granular  in  appearance;  on  the  side^toward  the  basement  ^"Mj^ 
brane  thev  often  show  a  peculiar  strmtlon,  irhilr  rn  fhi  liiiiii  ii  mB 
the  extreme  peripher>'  presents  a  compact  border  which  in  301^' 
cases  shows  a  cilia-like  striation.  These  cells  have  the  genenl 
appearance  of  an  active  secretory  epithelium,  and  xne  theory  d 
urinary  secretion  attributes  this  function  to  them.  " 

The  Secretion  of  Urine-— The  kidneys  receive  a  rich  supply 
of  nerv'e  fibers,  but  most  histologists  have  Ijeen  imable  to  trace  any 
connection  between  these  fibers  and  the  epithelial  cells  of  the  kidney 
tubules. 

The  majority  of  purely  physiological  experiments  upon  diffrt 
stimulation  of  the  nen'es  going  to  the  kidney  are  adverae  to  tbg 
theon*  of  aecreton-  fibeis.  the  market!  effects  obtained  in  theae  ex- 
periments being  all  explicable  by  the  changes  producetl  in  thcbloWr 
flow  through  the  organ.  Two  general  theories  of  urinar>'  secwtiflO 
have  been  propostnl.  ^^V^^jg  ^^^  originally  that  the  uriw  tf 
fnrmed  tiv  the  simple  nh\'sical  processes  of  filtration  ami  diffiwo- 
In  the  glomeruli  the  conditions  are  most  favorable  to  Eltratlon,  W 
he  supposed  that  in  these  structures  water  filtered  throu^  from  the 
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blood,  carrying  with  it  not  only  the  inorganic  salts,  but  also  the 
specific  elements  (urea,  etc.>  of  the  secretion.  There  was  thua 
formed  at  the  beginning  of  the  uriniferous  tulmles  a  complete  but 
djjuteti  urine,  and  in  the  subsequent  passage  of  thin  liqum  along'the 
convolutStl  tubes  it  became  coneentrated  by  (jiffiifiiiy  with  the  more 
concentrated  lymph  surrounding  the  outside  of  the  tubules. 

vigorously  .supp:>rtcd  and  extendeil  by  >^piHpny^^tin.  was  based  orig- 
inally mainly  on  histological  grountls.  It  assumes  that  in  the 
ylomenih  water  and  inoiganic  salts  flrfi  pmHunr^l,  while  the  ure§ 
anci  reiateg  boilie^  are  cIT7i\TTtatoi  through  the  activity  f>f  th^  f*pi- 
thelial  cella  \n  the  cnnvt^hifed  ttiboB^ 

The  first  of  these  theories  (Ludwig)  is  sometimes  spoken  of  as 
the  mechanical  theor>^  since  as  originally  proposed  it  attempted 
to  explain  the  formation  and  composition  of  the  urine  by  reference 
only  to  the  physical  forces  of  filtration  and  diffusion.*  Adhercnt-s 
of  this  view  iiij-ecent  years  have  modified  it,  however,  to  the  extent 
that  the  absorption  suppf^Rpd  tn  '^"'^'^  pinr.,  ;«  tUii  ^.i-iw^^iniiiiiiii  hiIi- 
ules is  designated a.H n ^tAot^tWt^  niw^rp^jan, or  selocti\^edi£[uaiQn.  the 
characteristics  of  which  deiK*nil  upon  unknown  peculiarities  of  struc- 
ture in  the  epithelial  cell,  so  thai  it  is  no  longer  a  purely  nu'^c hanical 
theory.  The  difference  between  tln^  iiiechanieal  and  tlie  secretory 
tKc^§jnay  be  stated  briefly  in  this  way.    The  former  assumes  that 

in  tlie^omenilus  all  of  the  fpnRtitupntfi  nf  thp  iirinf>  nrf>  pmiliippft 

from  the  blood,  probably  by  filtration,  and  that  the  function  of  the 
enitheUum  muiig  the  conyftlutif^^  fnhulps  \s.  <^[^sorpfivp,  likf^  t>^fl 
epithelium^  the  jjitcstincs,  and  not  serretor>'.  The  Bowman  \iew 
as  Tomiulated  by  Heidenhain  teacher  that  the  glomenilar  epithe- 
lium fnrtqq  the  watj>r  ftnrl  raH.s  of  thp  imnp  by  ft"  ^^'"^  '^^  BOf^rofmn^ 
the  ultimate  chemistry  or  physics  of  which  is  not  known.  The 
theory  asserts  that  the  epithelial  r^lli^  p»Ttirip:itf^  ^ytivply  in  ttie 
process  of  secretion  and  do  not  sc^v*^  aimply  as  a  passive  membrane. 
The  cells  of  Jhe  convoluted  tubules  are  also  secretorv.  their  special 
activity  being  limited  mainly  to  the  organic  constituents,  urea,  etc.. 
althfuigh,  in  this  respect. — namely,  in  the  precise  distinction  be- 
tween the  secretory  product.s  of  the  glomenilar  epithelium  and  those 
of  the  convoluted  tubules. — the  theory  is  not  ver>-  explicit.  Much 
interest  and  a  large  literature  have  been  stimulated  by  controver- 
sies based  on  these  theories,  and  to-<lay  (he  facta  accumulated  are 
not  such  as  to  demonstrate  conclusively  one  view  or  the  other, 
although,  on  tlie  whole,  perhaps,  it  may  l^  said  that  t^e  majority  of 

•  Sir  Lauder  Brunton  calls  ray  attention  to  the  fact  that  Ludwtg,  in  some 
of  his  earlier  investigations  (Ufitimoft'itjw:h,  Ludwi^'s  *' Arbeitcn,"  1M70), 
rocoKiiized  the  fact,  thut  the  flow  of  urine  through  the  KloiniTuli  in  influenoc^j 
by  factors  other  than  the  nieciuinicjil  prossoro.  lie  caUotl  iiUention  capfH^ially 
to  the  iuiluenoo  of  the  diuretic  substances  present  in  the  blood,  Buch  as  urea 
and  sodiiun  chlorid. 
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physiologists  adhere  to  the  more  conservative  view  of  Bowman- 
Heidenhain  to  the  extent  at  least  of  recognizing  that  the  physical 
laws  of  filtration,  diffusion,  and  imbibition,  so  far  as  the}'  are  known, 
do  not  suffice  for  a  satisfactory  explanation  of  the  facts  *  As  in 
other  similar  cases,  our  knowledge  of  the  ph>-sical  structure  and 
chemica!  properties  of  the  walls  of  the  living  cells  Is  still  very  dfr- 
ficient,  and  it  seems  necessary  to  designate  these  activities  by  the 
indefinite  term  secretion. 

Function  of  the  Glomerulus. — As  stated  above,  the  structure 
of  the  gloin<*rulus  is  |x?ciiliar  and  suggestive  of  a  special  aiiapialioQ. 
The  mechanical  theory  kwks  upon  it  as  a  filter,  the  pressure  of  the 
blooti  in  the*  glouierular  capillaries  driving  the  water  ami  salu 
through  the  endothelium  of  the  capillaries  and  the  glomerular  epi- 
thelium into  the  cavity  of  the  urinary  tubule.  If  we  consick 
only  the  water  and  assume  that  the  membranes  traversed  are  frerly 
penneahle  to  it-s  molecules,  then  it  is  evident  that,  upon  this  theory, 
the  quantity  of  urino  fonnetl  will  deiK-nd  upon  tbe  filtration  iin^ 
Bure.  and  that  this  filtration  pressure  can  be  expresseu  Ly  Uic  loTfflMi 
F^p^=p  in  which  1^  represents  the  bloofi-prej^sure  in  the  ^A- 
erular  cafpillarit^s  and  p  the  pressure  of  the  urine  in  the  capaultf 
end  of  thf^  ^ipnifny^n.^  iijlmlp.g.  Some  of  the  interesting  facts  3e- 
veloped  b\'  experuiient  may  be  presented  in  connection  wth  tliis 
formula.  According  to  the  mechanical  theor>%  the  amoimtof  uiine 
formed  sliould  var\'  directly  with  P  and  inversely  with  p.  Tte 
factor  P  may  l>e  increased  in  two  general  wa\"s:  First,  hy  tSST* 
conges  which  raise  pynf*m.1  .ai-fprJMl  jirgfigiirf^  and  therefore  the 
pressure  in  the  renal  arteries, — such  changes,  for  instance,  as  Me 
brought  about  by  an  increased  force  of  heart  beat  or  a  large  xutt- 
constriction.  Second,  l)y  obstructing  or  occluding  the  renal  va» 
Experiments  have  been  made  along  these  lines.  With  reganl  to 
the  first  possibility  it  has  been  found  in  general,  although  not  invar 
iably.  that  raising  arterial  pre^isure  increases  the  quantity  of  urine 
if  the  means  used  are  such  as  may  be  assumed  to  raise  the  preesuK 
in  the  sjlr^merular  capillaries. 

The  reverse  exfK^riment,  however,  of  raising  P  by  blocking  the 
venous  outflow  fails  entirely  to  support  the  theon*.  Wlipi^  ^le  laal 
veins  arc  nomp^ip^tftf^  tbg  gftpillan'  prPismir^  in  the  glomeruli  murt 
be  mcreaaed.  and,  if  the  veina  are  bloigked  ^tjrely^  we  may  suppo« 
thfttjba  aftpWflr3r  pressnrp  is ja^ed JoJJiB JeveLof.that^f  the  renal 
arteries.  In  sucli^exp^^mpnts,  hnwpvpr^  tJ^y  flow  of  urine Ts  t^- 
Smished  iii^t<.'ad^fn>eing  jncrpaspci,  and  intlee<l  may  l)e  stf)pp«^ 
altogetlierwhgn  tlic  vcins.are  conipleteLy  blocked.  The  adherenta  of 
the  mechanical  theory  have  attempted  to  explain  this  unfavorable 
result  by  assuming  that  the  swollen  interlobular  veins  press  upon 

•  For  disrussJiHi  and  literature  see  Magnus,  "MiUichecicr  med.  Wocbrt** 
Bchrift,"  1900,  Noa.  28  and  29. 
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and  block  the  urinifcrous  tubules.  According  to  the  antagonistic 
theory  of  Heidenliain,  blocking  the  veins  suppresses  the  secretory 
activity  of  the  Rlonierular  epith^Otii_m_by  clcprlving  it  of  oxygen  and 
thechimL-e  for  removal  nf  fO^. — that  is.  by  producing  local  a«- 
ghyxia.  The  latter  explanation  .seems  the  simpler  of  the  two,  and  it 
is  very  strongly  supported  by  the  opposite  experiment  of  clamping 
the  renal  arter}'.  When  this  is  done  the  b!ood-flow  through  the 
kidney  ceases  and  the  secretion  f)f  urine  also  stops,  as  would  be 
expected.  But  when  after  a  few  minutes'  closure  the  artery  is  un- 
damped, the  secretion  is  not  restored  with  the  return  of  the  cir- 
culation. On  the  contrary',  a  long  time  (as  much  as  an  hour  or  more) 
may  elapse  before  the  secretion  }>egins.  This  fact  is  quite  in  harmony 
with  the  Heidenhain  theor\v^inre  copiplpiA  mmfivfll  of  their  blood 
supply  mi^ht^ii  result  in  a  lotig-continued  injury  to  the  delicate 
epitneliaT  celts.  On  the  jnechaiiical  theory^  however,  we  should 
expect  a  conTrarv  result.  Injury  to  the  cells  should  be  followed  by 
greater  permeability  and  an  increasetl  filtration,  as  is  found  to  be 
the  case  with  the  production  of  lymph.  Thase  two  experiments, 
blocking  the  renal  arter>'  and  the  renal  vein,  seenTatl^r^ent  to  dis- 
credit the  filtration  tlieorv  and  to  sur3rw:>rt  the  secretion  theory^ 
If  we  accept  this  latter  theor>'  it  may  be  asked  how  it  agrees  with 
the  experiments  mentioned  above  upon  the  variations  in  capillarj' 
pressure  brought  about  otherwise  than  by  obstructing  the  venous 
outflow.  Heidenhain  has  emphasize*!  the  fact  that  all  of  these  ex- 
periment's involve  not  only  a  variation  in  capiUary  pn?ssurc,  but  also 
in  the  blood-flow,  and  that  it  is  open  to  us  to  suppose  timt  the 
eflfect  upon  the  secretion  of  urine  is  dependent  upon  the  rate  of  flow 
rather  than  upon  the  capillary  pressure.  If  we  adopt  this  expla- 
nation we  are  led  again  to  the  secretion  hypothesis.  Mere  rate  of 
flow  should  not  influence  filtration,  but  might  affect  secretion,  since 
it  would  alter  the  volume  of  blood  which  pa-ssed  by  the  cells  in  a 
given  time  and  thereby  would  vary  the  quantity  of  oxygen  sup- 
plied and  of  carbon  dioxid  rcmovt.^d,  and  also  the  qiiantity  of  chem- 
ical substances  in  the  blood  which  may  act  as  chemical  stimuli  to 
the  cells.  An  important  fact,  which  seems  at  first  sipjht  to  show  a 
direct  influence  of  pressure,  is  that  when  general  arterial  pressure 
falls  below  a  certain  |M)int,  about  40  mm.  of  mercury,  the  secretion 
of  urine  ceases  altogether.  Such  a  condition  may  be  brought  about 
by  surgical  shock,  by  hemorrhage,  or  by  section  of  the  spinal  cord  in 
the  cervical  or  thoracic  region.  But  here  again  the  great  vascular 
dilation  causing  this  fall  of  pressure  is  associated  with  a  feeble  cir- 
culation, and  the  effect  upon  the  kidney  secretion  may  well  be  due 
to  this  latter  factor. 

In  addition  to  varying  the  factor  P  in  the  formula  given  above, 
it  is  possible  also  to  increase  the  factor  p.    Normally,  the  pressure 
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of  the  urine  in  the  cai)sule  must  be  very  low,  owing  to  the  fact  thai 
the  secretion  drains  away  as  rapidly  as  it  is  formed.  If  the  uMa 
is  occIucte<^l,  however,  the  pressure  of  the  urine  will  increase,  and  the 
filtration  [>ressure  P — p  will  diminish.  When  this  escperinient  i« 
performed  and  the  pressure  in  the  ureter  ia  measured  by  a  numoni- 
eter,  it  is  found  to  liae  to  50  or  60  mms.  of  niercur>'  and  then  to 
remain  stationary'.  This  fact  might  be  explained  by  supposing 
that  when  p^=  P  the  seci-etion  stops  on  account  of  the  foilurt  d 
the  filtrntion  pressure.  Little  weight,  however,  can  be  given  to 
tliis  argument,  since  it  is  quite  possible  that  under  these  condi- 
tious  the  urine  may  still  continue  to  form,  but  be  realjsorbed  under 
the  high  tension  reached.  The  experiment  simply  serves  to  shot 
the  secretion  pressure  of  the  urine,  and  the  fact  that  this  pressurr 
rises  as  high  iis  50  to  60  mms.  mercur>%  while  the  capillan,'  preanre 
is  probably  somewhat  lower,  woidd  rather  serve  its  an  arpiiwrit 
against  the  filtration  iheorv'.  Moreover,  experiments  show  •thai 
when  a  certain  moderate  resistance  is  established  in  the  ureter? 
{p  —  10  cms.  H2O)  (ho  flow  of  urine  is  actually  increased,  a  fart 
cntin^ly  opposed  lo  the  mochanii'id  theory. 

Function  of  the  Convoluted  Tubule. — By  the  term  convoluwii 
tubule  is  itieant  ht-ni  tl»^  ^n^'"*  sirpfffi^rom  the  glomerulus  toThe 
straight  tubules.^  Its  epithelium  varies  in  character;  its  celia  are 
distingiuKhetl  in  general,  as  contrastoil  \\'ith  the  glomcndar  epith^ 
limn,  by  a  relatively  large  amount  of  granular  pn)topbiani.  The 
question  of  Interest  at  jjresent  in  regani  to  this  epithelium  is  wbetiw 
it  is  sei^retory  or  absorptive.  The  original  view  of  Ludwig  that 
diffusion  takes  place  in  these  tubules  between  the  urine  and  thft 
bloo<l  {l>Tnph)  in  accortlance  with  simple  physical  laws  and  ti»at 
by  this  action  alone  the  dilute  urine  is  brought  to  its  normal  concen- 
tration nnist  l>e  abandtmed.  The  mere  fact  that  the  urine  may  t« 
more  concentrated  in  certain  constituents  than  the  blood  is  suffi- 
cient ex-idence  that  other  factors  must  co-operate.  Thoee  who  be- 
lieve that  the  main  function  of  the  tubules  is  absorptive  are  obliged 
to  regard  this  process  as  physiologicAl,  as  a  selective  aheorptinn 
depending  upon  the  living  stnicture  and  properties  of  the  epilbeliil 
cells.  The  kintl  of  evidence  upon  which  this  view  is  baecd  is  wxt- 
wliat  indirect;  a  single  example  may  suffice.  Cuslmy  fltateet  that 
if  certain  diuretics — for  example,  sodium  chlorid  and  sodium  sul- 
phate— are  injected  sinuiltaneously  into  the  blood  and  in  such 
amounts  that  an  equal  numl>er  of  the  anions  (CI  and  S(>^)  are  pr»- 
ent,  the  quantities  that  are  excreted  in  the  xirine  during  the  next 
hour  or  twct  follow  different  curves  and  van-  independently  of  tl>6tf 
concentration  in  the  plasma.     Wliile  this  independence  might  b# 

•  Brodie  and  CuUis,  "Journal  of  Phvaiology,"  1906,  xxxiv.,  224. 
t  "Journal  of  Physiology/'  27,  429,  1902. 
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referred  to  a  specific  secretory  action,  the  author  finds  a  simpler 
explanation  in  variations  in  absorption,  the  epithehum  of  the  con- 
voluted tuhult%  hke  that  of  the  intestine,  ahsorhing  the  sulphate 
with  in;ire  diffii-ulty.  On  the  other  side,  the  facts  that  have  lxH*n 
ur^ed  in  favor  of  the  secretorj--  hypothesis  are  more  numerous  and 
varied.  Some  of  these  facts  are  as  follows:  (1)  It  is  stated  that 
if  the  ureters  are  heated  in  birds  the  urates  will  be  found  deposited 
in  the  uriniferous  tubules,  but  never  at  the  capsular  end.  (2) 
Heidenhain  has  p;iveu  proof  that  the  convoluted  tubule-s  are  capa- 
ble of  excreting  indigo-carmin  after  this  substance  is  injected  into 
the  blood.  His  experiment  consisted  in  injecting  the  material  into 
the  blood,  after  dividing  the  cord  so  as  to  reduce  the  rapidity  of 
secretion.  After  a  certain  interval  the  kidney  was  removed  and 
irrigated  with  alcohol  to  precipitate  the  indip;o-carmin  in  .situ  in 
the  or^an.  Microscopical  examination  showe<l  that  after  this 
treatment  the  granules  of  the  imiigo-carmin  are  found  in  the  con- 
volut/^d  tubules,  but  not  in  the  capsuW  around   tlie  glomeruli. 

(3)  Microchemical  sUiining  reactions  have  l>een  used  by  several 
uliservers  to  show  that  saltj*  foreign  to  the  blooil,  such  as  the 
icHJids  and  ferrocyanids,  are  excreted  through  the  convoluted 
tubules  and  nut  through  the  glomerulus.  Recently  Leschke*  has 
demonstrated  by  similar  staining  reactions  that  urea,  uric  acid, 
sodium  chltjrid,  and  scwlium  phosphate?  are  all  ehminated  through 
the  epithehum  of  the  oonvolutotl  tubules.  Each  of  these  sub- 
stances, when  introduced  into  the  blood,  could  be  detected  in 
concentrated  form  in  the  cells  of  the  convoluted  tubules,  white 
no  evidence  of  their  presence  in  the  glomeruli  could  bo  obUiined. 

(4)  Several  observers  (Van  der  Stricht,  Disse,  Trambasti,  (Jur- 
witscht)  have  described  microscopical  appearances  in  the  cells 
lining  the  tubules  indicative  of  an  active  secretion.  They  picture 
the  formation  of  vesicles  in  the  cells  and  appearances  which  indi- 
cate the  discharge  of  these  vesicles  into  the  cavity  of  the  tubules. 

(5)  Nussbaum  made  use  of  the  fact  that  in  the  frog  the  glomendi 
are  supplied  by  branches  of  the  renal  artery,  while  the  rest  of  the 
tubes  are  supplied  by  the  renal  portal  vein.  He  stated  that  if  the 
renal  artery  is  ligated  the  glnmenjli  are  deprived  completely  of 
blood,  and  that  as  a  result  the  f^cnv  of  urine  ceiises.  If  under 
these  conditions  urea  is  injected  into  the  circulati<in,  it  is  excreted 
together  with  some  water,  thus  proving  the  serretory  activity  of 
tiie  tubules  wdth  regard  to  urea.  These  results,  although  denie<l 
at   one  time,   have   later   i^een   confirmed   and   extended.  J     (G) 

•  Leschke.  "Zeitschrift  fUr  kJinische  Modiain,"  81,  14.  1914. 
t  Sop  Gurwitsch,  "Archiv  T  d»e  gesamrnte  PhyrtioloRie/'  19,  71,  ISWS. 
J  Bainbridge  luifi  Bcddard.  "Journal  of  Phyaiology,"  1906,  xxxiv.  (Proc. 
PhyHiol.  Soc,);  also  Cullia,  ibid.,  p.  260. 
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Drespr  has  showTi  that  the  acidity  of  the  urine  is  due  to  an  action 
of  the  epithelium  of  the  tuhules.  If  an  acid  in(licatx>r.  such  as 
acid  fuchsin,  is  injected  into  the  dorsal  lymph-sac  of  a  frog,  and  an 
hour  or  ho  later  the  kitineys  arc  examined,  it  will  l)e  fimnd  that  ihc 
convoluted  tubules  are  colored  red,  while  the  capsular  end  \s 
colorless,  indicating  that  the  secretion  at  the  latter  point  has  $n 
alkaline  reaction.  The  experiment  shows  that  the  acid  suhst&nces 
in  the  urine  are  produced  in  the  convolutetl  tubules.  The  sim- 
plest explanatii-in  is  that  they  are  formed  by  a  secretory  activity 
of  the  epithelial  cells.  (7)  Studies  of  the  gaseous  exchanjjes  in  the 
ki<lnoy  during  diuresis*  and  durinj^  the  Rlycosuria  caused  by 
phlorhizint  tt^nd  to  support  the  .««!cretion  hypothesis  to  the  extwil 
that  they  prove  an  increased  metalxjlism  duriDg  functional 
activity.  (8)  The  action  of  diuretics  (see  below).  On  the  whole, 
it  must  be  arhnitted  that  the  weight  of  evidence  is  in  favur  of 
the  B()wnian-H(»idcnhain  theorj-  of  secretion. 

Action  of  Diuretics. — An  important  side  of  the  theories  of 
secretion  of  urine  is  their  application  to  the  action  of  diuretics. 
Water;  various  soluble  substances,  such  as  salts,  urea,  and  dextroee; 
and  certain  special  drugs,  such  as  caEfein  or  digitalis,  exert  a  diuretic 
action  on  the  kidneys.    Much  experimental  work  has  been  done 
to  ascertain  whether  the  action  of  these  substances  can  be  explaiofid 
mechanically  by  their  influence  on  the  blood-flow  or  the  blood* 
pressure  in  the  kidney  capillaries,  or  whether  it  is  necessary  to  Wl 
back  upon  a  specific  stinuilating  effect  exert-e<l  by  them  upon  tbe 
epithelial  cells  of  the  tubules.    Adherents  of  the  original  Ludvig 
theory^  are  forced  to  explain  their  action  by  the  effect  they  pro- 
duce upon  the  pressure  in  the  kidney  capillaries,  and,  indeed,  it 
has  been  shown  witli  referencetothe  saline  diuretics  that  ihof 
^flfifti  "p"n  tln^  gecretion  is  m  proportion  to  the  osmotic  preasuK 
they^,£Xfiit,     It  has  been  suggests,  therefore,  that  the  acbon  of 
th^  diuretics  lies  in  the  fact  that  they  attract  water  from  the  tis- 
tues  into  the  blood  and  thus  cause  a  condition  of  hydremic  plethon. 
But  whether  the  clinunation  of  this  excess  of  water  is  due  to  filtra- 
tion or  to  an  active  secretion  by  the  glomerular  epithelium  i$  » 
question  that  revives  the  discussion  that  has  been  presented  briefly 
above.    Most  obser\'er8  find  that  the  vascular  chaiigefi  in  the  kid- 
ney, particularly  after  the  administration  of  caffein  and  diptAlis, 
do  not  explain  satisfactorily  the  phenomenon  of  diuresis.     It  lihs 
l>een  shown  also  that  some  diuretics  cause  an  increased  flow  of 
urine  without  affecting  the  amount  of  oxygen  absorbed  from  tbe 
bloo<l  by  the  kidney.     Others,  how^ever.  cause  a  distinct  increase 
in  the  oxygen  consumption.     Since  the  oxygen  consumption  mij 

•  Barcroft  and  Brodic,  "Journal  of  Phyeiology/'  33,  62,  1906. 
t  Pav>-,  Brodi<?,  and  Siam.  ibid,,  29,  407,  1903. 
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^Hponsidered  as  an  indication  of  cellular  activity,  this  result  would 
Hnd  to  show  that  some  diuretics  may  cause  a  genuine  secretion, 
W'hile  others  influence  the  amount  of  urine  through  mechanical  or 
rphysical  influences  alone.*  In  the  case  of  the  inorjjanic  salts  it 
may  be  said  (Magnus)  that  there  in  for  each  salt  a  "secretion  thresh- 
old." An  increase  in  concentration  above  this  level  leads  to  the 
elimination  of  the  excess  of  Siilt  and  an  inc revised  secretion  of  water. 
The  Blood-How  through  the  Kidneys. — It  will  he  inferred 
from  the  discussion  above  that,  other  conditions  remaining  the  same, 
the  accretion  of  the  kidney  varies  with  the  quantity  of  blood  flowing 
through  it.  It  is,  therefore,  important  to  refer  briefly  to  the  nature 
and  especially  the  regulation  of  the  blood-flow  through  this  organ, 
although  the  same  subject  is  referred  to  in  connection  with  the 
general  description  of  vasomotor  regulation  (see  Circulation).  It 
has  l>een  shown  by  Landergren  t  and  Tigerstedt  that  the  kidney 
is  a  ver>'  vascular  organ,  at  least  w^hen  it  is  in  strong  functional  activ- 
ity such  as  may  be  produced  by  the  action  of  diuretics.  They  esti- 
mate *\}i\*  ^Q  "  Tninnti^';^  ^j^^p  nj^dpT  the  actjon  of  diuretics,  an  amount 
of  blood  flows  through  the  kidney  ecpml  to  the  w^eight  of  the  organ; 
this  is  an  amount  from  four  to  ninetx^n  times  iis  great  as  occurs  in 
the  average  supph^  of  the  other  organs  in  the  systemic  circulatFon . 
Taking  both  kidneys  into  account,  their  figures  show  that  (in  strong 
diuresis)  5,6  per  cent,  of  the  total  quantity  of  blood  sent  out  of  the 
left  heart  in  a  minute  may  pass  through  the  kidneys,  although  the 
combined  weight  of  these  organs  makes  only  0.56  per  cent,  of  that 
of  the  body  (^e  table  p.  485). 

The  nature  of  the  supply  of  vasomotor  nen'es  to  the  kidne>'  and 
the  conditions  which  bring  them  into  activity  are  fairly  well  known, 
owing  to  the  useful  invention  of  the  oncometer  by  Roy.  This  in- 
strument is,  in  principle,  a  plethysmograph  especially  modified 
for  use  upon  the  kidney  of  the  living  animal.  It  is  a  kidney Hshap>ed 
\)Ox  of  thin  brass  made  in  two  parts,  hinged  at  the  back,  and  with 
a  clasp  in  front  to  hold  them  together.  In  the  interior  of  the  box 
thin  peritoneal  membrane  is  so  fastened  to  each  half  that  a  layer 
of  olive  oil  may  be  placed  between  it  and  the  brass  walls.  There 
is  thus  fomicil  in  each  half  a  soft  pad  of  oil  upon  which  the  kidney 
rests.  When  the  kidney,  freed  as  far  as  jxjssible  fn)m  fat  and  sur- 
rounding connective  tissue,  but  with  the  blood-vessels  and  nerves 
entering  at  the  hilus  entirely  uninjured,  is  laid  in  one-half  of  the  on- 
cometer, and  the  other  half  is  shut  dowTi  upon  it  and  tightly  fas- 
tened, the  organ  is  surnnmded  by  oil  iu  a  Ihjx  which  is  liquid-tight 
at  every  pointexceptone,from  whicha  tulx;  is  led  off  to  some  suitable 
recorder  such  as  a  tambour.     Under  these  comiitions  every  increase 

•  Barcroft  and  Htraub,  ibid.,  1910,  xli.,  213. 

t  "Skandinftvifichce  Archiv  f.  Phyfliologie,"  4,  241,  1892. 
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in  the  volume  of  the  kidney  causes  a  proportional  outflow  of  f)il 
from  the  oncometer,  which  is  measured  by  the  recorder,  aod 
every  dimimitian  in  volume  is  accompanied  by  a  reverse  chan^. 
At  the  same  time  the  flow  of  urine  during  these  changes  can  be 
determined  hy  inserting  a  cannula  into  the  ureter  and  measuiii^ 
directly  the  outflow  of  urine.  By  this  and  other  means  it  hu 
been  shown  that  the  kidney  receives  a  rich  supply  of  vaeoconsirictor 
nerve  fibers  that  reach  it  between  and  around  the  entering  blood- 
vessels. These  fibers  emerge  from  the  spinal  cord  chiefly  in  Utr 
lower  thoracic  spinal  nerves  (tenth  to  thirt^?enth  in  the  dogj,  pM 
through  the  sympathetic  system,  and  reach  the  organ  as  portguh 
glionic  fibers.  Stimulation  of  thcwe  nerves  causes  a  conlmctionof 
the  small  arteries  of  the  kidney,  a  shrinkage  in  vohune  of  the  whole 
organ  as  measured  by  the  oncometer  (see  Fig.  240),  and  a  dimin- 
ished secretion  of  urine.  When,  on  the  other  hand,  tiiese  coo- 
Btrictor  fii>ers  are  cut  as  they  enter  the  hilus  of  the  kidney,  the  if- 
teries  are  dilated  on  account  of  the  removal  of  the  tonic  action  of 
the  constrictor  fibers,  the  organ  enlarges,  and  a  igeater  qiuuiUty 
of  blood  passes  through  it,  since  the  resistance  to  the  bkxxl-flovii 
diminished  wliile  the  general  arterial  pressure  in  the  aorta  renttins 
practically  the  same.  Along  with  this  greater  flow  of  blood  lh«t 
is  a  marked  int'rease  in  the  secretion  of  urine. 

I'nder  normal  conditions  we  must  suppose  that  these  fibers  »ff 
brought  into  play  to  a  greater  or  less  extent  by  reflex  stixnulAti(n, 
and  thus  serve  to  control  the  blood-flow  through  the  kidney  ud 
tlierehy  influence  it.s  fmicfional  activity.  It  has  been  shown,  loo, 
that  the  ki<lne>'  ^ecei^•es  vasodilator  nerve-fibers. — that  is.  tiboi 
which  when  stimulated  directly  or  reflexly  cause  a  dilatation  of 
the  arteries,  and  therefore  a  greater  flow  of  blood  through  the  ijf- 
gan,  According  to  Bradford,  these  fibers  emerge  from  the  spinsl 
cord  mainly  in  the  anterior  roots  of  the  eleventh,  twelfth,  and  liiir- 
teenth  thoracic  spinal  nerves.  Under  normal  conditions  these  fibw« 
are  pnjbably  thrown  into  action  by  reflex  stimulation  and  lead  to 
an  increased  functional  activity.  It  will  be  seen,  therefore,  Uiatthe 
ki<lneys  possess  a  local  nervous  mechanism  through  which  tb«t 
secretori-  activity  may  he  increased  or  diminishe*!  !>>•  correepood 
ing  alterations  in  the  blood-supph\  So  far  as  is  kno\\Ti,  tliis  is  the 
only  way  in  which  the  secretion  in  the  kidneys  can  be  directly  a^ 
fected  by  the  central  nervous  system.  It  should  be  borne  in  mind- 
also,  that  the  blood-flow  through  the  kidneys,  and  therefore  that 
swreton'  activity,  may  l>eaffect^i  by  conditions  influencing  geoilll 
artOTal  pressure.  Conditions  such  as  asphyxia,  strychnin 
ing,  or  painful  stimulation  of  sensory  nerves,  which  cause  a 
vasoconstriction,  influence  the  kidney  in  the  same  way,  and  t«od. 
therefore,  to  diminish  the  flow  of  blood  through  it;  while  conditionB 
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which  lower  general  arterial  pressure,  such  as  general  vascular  ilila- 
tation  of  the  skin  vessels,  inay  also  depress  the  secreton^  action  of 
the  kidney  hy  dijiiinishing  the  amount  of  blood  flowing  through  it. 

In  what  way  any  ^ven  clmnge  in  the  vascular  condiliona  of  the 
lK)dy  vnW  influence  the  secretion  of  the  kidney  depends  upon  a  num- 
ber of  factors  and  their  relations  to  one  another,  hut  any  change 
which  will  increase  the  difference  in  pressure  between  the  l>lootl  in 
the  renal  artery  and  the  renal  vein  will  tend  to  augment  the  flow 
of  blood  unless  it  is  antagonized  by  a  sixmiltaiieous  constriction  in 
the  small  arteries  of  the  kidney  itself.  On  the  contrarv*,  any  vas- 
cular dilatation  of  the  vessels  iu  the  kidney  will  tend  to  increase 
the  blood-flow  through  it  uidesa  there  is  at  the  same  time  such  a 
general  fall  of  blood-|)ressure  as  is  suflScient  to  lower  the  pressure 
in  the  renal  artery  and  reduce  the  driving  force  of  the  blood  to  an 
extent  that  more  than  counteracts  the  favorable  influence  of  dimin- 
ished resistance  in  its  small  arteries. 

Hormone  Stimulation. — The  evidence  for  the  existence  of 
.secretor>^  nerves  to  the  kidney  is  either  neijative  or  unsatisfactory. 
The  secretion  of  uriiu*  Is  probably  controileti  thruuKh  chemical 
stimuli.  Various  foreign  substances,  or  the  normal  constituents  of 
the  blooti  when  in  excess  of  a  certain  concentration,  are  secret e<.l, 
presumably,  on  the  general  theory  adopted,  l^ecause  they  stimulate 
in  some  way  the  activity  of  the  kidney  cells. 

The  increased  amount  of  urine  that  occurs  when  the  blood- 
flow  through  the  gland  is  increased  may  be  referred  in  a  general 
way  to  the  greater  amount  of  these  chemical  stimuli,  excretory 
products,  etc.,  that  pass  through  the  organ.  The  general  metabo- 
lisfn  of  the  body  is  constantly  adding  to  the  blood  substances  of 
this  kind,  which  manifest  some  special  reaction  with  the  kidney 
cells  that  results  in  their  secretion.  But,  in  addition  to  these 
general  stimuli,  it  is  possible  that  specific  hormones  may  be  pro- 
duced that  are  adapted  to  stimulate  the  kidneys  and  correlate 
their  activity  to  conditions  elsewhere  in  the  body.  Schaefer* 
and  Herring  have  shown  that  a  substance  is  contained  in  extracts 
of  the  posterior  lolx^  of  the  pituitary  gland  which  has  this  action, 
and  it  is  quite  probable  that  this  hormone  may  function  normally, 
although  as  yet  we  know  nothing  i>f  the  conditions  under  which  it 
acts.  Cowt  has  stated  that  a  similar  diuretic  hormone  is  formed 
in  the  mucous  membrane  of  the  intestine,  particularly  of  the  duo- 
denum and  jejunum.  When  water  is  taken  this  hormone  is  carried 
into  the  blood  with  the  absorlwid  water  and  is  responsible  for  the 
resulting  diuresis.     It  is  stated  that  water  taken  by  mouth  causes 


1906. 


'  Schaefer  and  Herring,  "Philosophical  Transactions"  (London),  B.  199,  1, 


tCow,  "Journal  of  Physiology/'  48,  1,  1914. 
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diuresis,  when  a  similar  amount  injected  directly  into  the  blood 
may  have  no  effect.  These  suggestive  experimental  facts  indicate 
the  possibility  that  the  secretion  of  the  kidney  may  l)e  controlled 
in  a  niorf  specific  way  than  has  been  supposed  heretofore. 

The  Composition  of  Urine. — The  urine  of  man  is  a  yellowii 
liquiil  that  varies  greatly  in  depth  of  color.  It  has  an  averap 
specific  gravity  of  1.020  and  usually  an  acid  reaction  to  litmus 
pajxT.  This  acid  reaction  i.s  attril>ute<i  generally  to  the  pnwnce 
of  acid  phosphates,  particularly  acid  sodium  phosphate  (NaHjPOOi 
but,  according  to  Folin,  it  is  due  partially  to  organic  acids.  As 
detenninerl  by  physicochetnical  methods,  normal  human  uriw 
shows  on  the  average  a  true  aridity  equivalent  to  a  concrentmlion 
of  hydrogen  ions  of  10"®  or  O.CMKXH)!  grams  per  liter.  In  place  of  the 
actual  concentration  of  the  h3''drogen  ions  it  is  customar>'  to  a^tiie 
logarithm  of  the  figure  expressing  the  concentration.  Thessc  logar- 
ithms are  all  negative,  but  are  written  without  the  minus  sign  ai 
the  hydrogen  exponent.     Thus: 


Htdhouck  Ion  Ounce ntkatiom.  Hn>MM] 

1  X  IfHorni 1 

2  X  10-"  or  0.002 2.7  (+  0.3  -3) 

6  X  U)-*  or  0.000005 5.3  (+  a7-6) 

In  this  nomenclature  the  acidity  of  the  urine  varies  between  limits, 

expressed  by  the  figures  4.82  and  7.45  (H  concentrations,  O.OO0016 
and  0.CM)00OU08).*  In  comparison  with  these  figures  it  may  be 
recalled  that  a  neutral  reaction,  such  as  is  shown  by  water.  i» 
expressed  by  the  exponent  7,  while  blood  inclines  to  the  alkaline 

side,  exponent  of  7.4  (H  concentration,  0.4  X  10"^.  One  of  Or 
conditions  influencing  the  reaction  of  the  urine  is  the  character 
of  the  food.  On  an  animal  diet  the  acidity  is  increased;  oo  a 
vegetable  diet  it  is  diminished  ami  may  reach  the  neutntl  point 
or  the  degree  of  alkahnity  exliibited  by  the  blood.  In  the  loiter 
case  the  urine  may  give  a  blue  reaction  to  litmus  paper,  owin|;to 
the  alkaline  salts  present,  but,  as  has  been  explained  (p.  416),  thi* 
reaction  d<K?s  not  demonstrate  a  true  alkalinity,  that  is,  an  exreasof 
— OH  ions  over  the  +H  ions.  Distinct  alkalinity  in  this  semt 
may  Ix*  shown  when  the  urine  has  undergone  bacterial  fermcntar 
tion  with  the  production  of  ammonia.  The  general  explunutioD of 
the  effect  of  food  that  has  been  suggested  (Drechsel)  is  that  upon 
an  animal  diet  more  acids  are  formed  (from  the  oxidation  of  the 
sulphur  and  phosphorus  of  the  proteins)  than  in  the  case  of  ik 
vegetable  foods  in  which  the  alkaline  salts  of  the  vegetable  acid* 
give  rise  on  oxidation  in  the  body  to  alkaline  carbonates.    1^ 

*  Henderson  and  Palmer.  "Journal  of  Biological  Chemistry,"  13, 3M,  1913- 
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secretory  activity  of  the  kidney  serves  to  maintain  a  normal  bal- 
ance between  the  acid  and  basir  equivalents  in  the  blood,  and  the 
fact  that  on  an  ordinary  mixed  diet  the  urine  has  an  acid  reaction 
indicates  that  the  acitls  formed  in  the  body  during  metabolism 
must  exceed  the  bancs.  It  is  evident  from  tins  cunsidcration  that 
the  kidneys  take  an  important  part  in  maintaining  the  substantial 
neutrality  of  the  blood.  The  kidneys  and  the  lungs  co-operate  in 
this  function,  the  former  by  the  secretion  of  the  excess  of  acid  salts 
and  or^aaic  acids  or  the  excess  of  ba.ses,  as  the  case  may  be,  the 
latter  by  the  elimination  of  carbon  dioxid. 

The  composition  of  the  urine  is  very  complex.  In  addition  to 
the  water  and  inorganic  salts  the  following  elements  are  iniportunt, 
namely,  urea,  the  purin  bodies  (uric  acid,  xanthin,  h>T3oxanthin), 
creatinin,  hippuric  aci<I,  oxalic  acifl  (calcimii  oxalate),  several 
conjugated  sulphates  and  conjugated  glycuronatea,  several  aromatic 
oxyacids  and  nitrogenous  acids,  fatty  acids,  dissolved  gases  (N 
and  CO3),  and  the  urinary  pigments  urochrome  and  urobilin.  This 
list  is  not  complete;  a  nundjcr  of  additional  substances  have  been 
described  fus  occurring  constantly  or  occiisionally  in  traces  within 
the  limits  of  health,  and  some  substances  are  secreted  whose  compo- 
sition is  unknown.  Under  pathological  conditions  the  composition 
may  be  still  fuitiier  tnodihed.  The  complexity  uf  the  c^itiipositinn 
may  be  understoo<i  when  it  is  recalled  that  tlm)ugh  this  organ  are 
eliminated  some  of  all  the  end-products  formed  in  the  various  tis- 
sues, together  with  proilucts  arising  from  bacterial  fennentation 
in  the  gastro-intestinal  canal  and  various  more  or  less  foreign  sul>- 
stances  taken  with  the  food.  It  is  not  possible  to  describe  all  the 
nmnerous  constituents  that  have  been  obser^'ed.  Atteution  may 
be  directed  to  those  tliat  quantitatively  or  otherwise  cire  of  chief 
physiological  interest. 

The  Nitrogen  Elimination  in  the  Urine. — In  the  metabolism  of 
the  usual  fiMnlstuffs — carbohydrates,  fats,  and  proteins — the  end- 
products  of  their  destruction  or  physiological  oxidation  in  the  body 
are  water,  carbon  dioxid,  and  nitrogenous  waste  products  (and 
sulphates  and  phosphates  from  the  sulphur  and  phosphorus  in  the 
proteins).  The  water  is  cliiuiiiatcd  in  the  urine,  the  sweat,  saliva, 
etc.,  and  the  expired  air.  Tlu*  C(K  is  eliminated  in  the  expired 
air,  and  in  smaller  part  in  dissolved  form  in  the  secretions  (sweat, 
urine).  The  nitrogenous  excretion^  representing  the  breaking  down 
of  protein  materia!,  is  found  in  minute  part  in  the  sweat,  to  a  larger 
extent  in  the  feces,  but  in  by  far  the  main  amount  in  the  urine. 
In  all  problems  concerning  protein  metabolism  in  the  body,  lx>th 
as  regards  its  character  and  extent,  the  quantitative  study  of  this 
excretion  is  of  paramount  importance.  In  order  to  determine  the 
total  amount  of  protein  metabolism  it  is  customary  to  determine 
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the  total  nitrogen  eliminated  in  the  urine,  without  regard  to  it« 
specific  form.  This  detemiination  is  made  usually  by  the  metlKul 
of  Kjeldahl,  The  total  weif^ht  of  nitrogen  multiplied  by  6.25 
gives  the  amount  of  protein  broken  down,  since  nitrogen  fonrn,  on 
the  average,  16  per  cent,  of  the  weight  of  the  protein  raolei'ule.  In 
an  average-sized  inun  the  total  nitrogen  eliminated  in  a  day  van©, 
let  us  say,  between  14  and  18  gni5.,  which  would  correspond  to  88 
and  117  gnis.  of  protein.  It  is  often  neee^siiry  to  distinguish 
Ix^tween  the  forms  in  which  this  nitrogen  is  eliminated,  and  in 
analyses  of  the  urine  for  qualitative  purposes,  that  is,  to  throw 
light  on  the  kind  of  metabolism  taking  place  in  the  body,  the  fol- 
lowing division  or  partition  of  the  nitrogen  is  made  according  to 
special  methods  of  analysis:* 

1.  The  ure(2  nitrogen,  that  is,  the  amount  of  nitrogen  excreted 
in  the  form  of  urea.  The  amount  of  nitrogen  eliininatjed  in  lhi!» 
form  variei^  with  the  amount  of  protein  food  in  the  diet,  as  is  ex- 
plained  IxMow.  Under  noniial  conditions  it  constitutes  80  per 
cent,  or  more  of  the  total  nitrogen. 

2.  The  ammonia  niirogen,  the  nitrogen  excreted  in  the  form  of 
ammonia  salts  which  lilicrate  free  anmionia  on  the  a<idition  of  a 
fixed  alkali.  I'mier  nonnal  conditions  it  constitutes  from  4  to  5 
per  cent,  of  the  total  nitrogen.  Its  special  metaliolic  signifieancr 
is  described  l>elow. 

3.  The  creaiinin  nitrogen,  the  nitrogen  excreted  in  the  forni'^ 
creatinine  An  average  estimate  for  the  human  urine  is  3.6  per 
cent,  of  the  total  nitrogen.  This  product  has  also  a  spifial 
metabolic  significance,  wiiich  is  discussed  Ijelow. 

4.  The  purin  nitrogen^  the  nitrogen  excreted  in  the  form  of 
purin  compounds  (uric  acid,  xanthin,  hypoxanthin).  Tb«e 
products  give  an  index  of  the  amount  of  nucleic  acid  meiaboliitti 
in  the  hotly,  and  the  nitrogen  thas  eliminated  may  be  given  M 
average  value  of  1  to  2  per  cent,  of  the  total  nitrogen. 

5.  The  Amino-iicid  Nitrogen.^  Some  of  the  nitrogen  iswccretrf 
in  the  form  of  amino-acida,  either  free  or  combined.  An  examj^ 
of  the  combined  fonn  is  the  compound  hippuric  aci<l.  which 
consists  of  benzoic  acid  in  combination  with  amino-acetir  acid 
(glycin). 

0.  Unknown  Niirogen.  Certain  nitrogenous  substances  ar** 
excreted  in  the  urine  whose  structure  and  physiological  significftncc 
are  as  yet  undeterminetl.  Among  these  substances  are  (be  »>• 
called  oxyproteic  acids  which  cont^iin  l>oth  nitrogen  and  sulphur. 
They  are  derived  presumably  frtjm  the  metabolism  of  proleia^,  M 
the  special  significance  to  l>c  attribut<xl  to  them  cannot  be  slated. 

•  Folin.  "American  Physiological  Journal,"  13,  45,  1905. 

t  Henriquot  aad  86renson,  "Zeitschrift  ftir  phyaiol.  Chcmie/'  &|,  130. 191^ 
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The  unknown  nitrop;en  may  constitute  as  much  as  3  to  5  per  cent, 
of  the  total  nitrogen. 

Origin  and  Significance  of  TJrea. — Urea  has  the  formula,  CO 
NjH.,     It    may  be  considered  as  an  amid  of  carbonic  acid,  and 

has,  therefore,  the  structural  foraiuJa  of  CO<^j,;jj*,  It  occurs  in  the 
urine  in  relatively  large  quantities  (2  j:>er  cent.)-  As  the  total  quan- 
tity of  urine  secreted  in  twenty-four  hours  l>y  an  adult  nmle  may 
be  placed  at  from  1500  to  1700  c.c,  it  follows  that  from  30  to  34 
gms.  of  urea  are  eliminated  from  the  body  during  this  period.  It 
is  the  most  important  of  the  nitrogenous  excreta  of  the  body,  the 
chief  end-product,  so  far  as  the  nitrogen  is  concerned,  of  the  phys- 
iological metabolism  of  the  proteins  of  the  foods  and  the  tissues. 
In  addition  to  the  urine,  urea  is  found  in  sliglit  quantities  in  other 
secretions — in  milk  (in  traces)  and  in  sweat.  In  the  latter  liquid 
the  quantity  of  urea  in  twenty-four  hours  may  be  quite  appreci- 
able— as  muchj  for  instance,  as  0.8  gm. — although  such  a  large 
amount  is  found  only  after  active  exercise.  Urea  is  present 
normally  in  the  blood  in  an  amount  equal  to  27  to  28  mgms  to  100 
c.c.  of  blcHjd  (0.028  per  cent.),  and  it  has  l>een  shown  that  the  tissues 
generally  contain  the  urea  in  about  the  same  conccntratitm.* 
In  fact,  the  urea  diffuses  into  the  tissues  with  great  ease,  atid  when 
for  any  reason  the  concentration  in  the  blood  varies  the  amount  in 
the  tissues  rises  or  falls  in  a  correspontiing  way.  The  kidneys 
constantly  remove  the  urea  as  it  is  formed,  anil  by  their  secretory 
activity  the  amount  of  urea  in  the  blood  is  kept  normally  at  the 
low  level  given  above.  When  the  kidneys  arc  removed  the  amount 
of  urea  in  the  blood  rises,  showing  that  this  substance  is  formc<l 
elsewhere  in  the  body.  The  history  of  thefonnation  of  urt^a  in  the 
body  is  not  entirely  known,  but  three  sources  of  origin  may  be 
statetl  with  some  positiveness. 

I.  Urea  arises  from  ammonia  salts  which,  in  the  liver,  are  con- 
verted to  urea  by  a  process  equivalent  to  dehydration.  It  has  long 
been  known  that  when  ammonium  carbtmate  is  added  to  bUntd 
perfused  through  a  hver  it  is  converted  to  urea.f  The  reaction 
may  be  represented  as  follows; 


CO- 


.ONH* 


.NHi 


ONH.-2H^-CO<Sh; 

Ammonium  carboaatc.  1.  re*. 


Moreover,  the  experiments  made  by  Hahn,  Pawlow,  Massen,  and 
NenckiJ  show  that  in  dogs  removal  of  the  liver  is  followed  by  a 

•  Marshall  and  DaviH,  **Jounial  of  Biological  Chemistry,"  18,  53,  1914. 
t  Schroeder,  "Archiv  f.  exp.  Pathol,  u,  Pharmakol.,"  vols.  xv.  and  xix., 


1982,  1885. 

tSee  '*Archiv  f.  exp.  Pathol,  u.  Pharmakol., 


1893,  xxxii.,  161. 
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decrease  in  the  amount  of  urea  in  the  urine  and  an  increase  m  the 
ammonia  contents.  In  these  remarkable  experiments  a  fistuli 
(Eck  fistula)  was  made  between  the  portal  vein  and  the  infenor 
vena  cava,  the  result  of  which  was  that  the  whole  portal  circulationof 
the  liver  was  abolished,  the  organ  receiving  blood  only  by  way  of 
the  hepatic  artery.  If  now  the  latter  artery  was  ligated  and  the 
liver  was  cut  away  as  far  as  [>ossible,  the  result  was  practically  a 
complete  extirpation  of  the  organ.  Later  investigations  •  showed 
that  in  normal  animals  the  ammonia  contents  of  the  blood  of  the 
portal  vein  may  be  three  to  four  times  as  great  as  in  arterial  blood, 
but  that  after  removal  of  the  liver  the  ammonia  in  the  general 
circulation  increases  to  a  point  equal  to  that  observed  for  the 
portal  blood  and  produces  symptoms  of  poisoning  which  may 
result  fatally.  It  would  seem,  therefore,  that  the  liver  protects  the 
body  from  the  poisonous  action  of  the  ammonia  compounds  by 
converting  them  to  urea.  Now  in  the  normal  digestive  hydrol}'sis 
of  proteins  brought  about  by  the  successive  action  of  pepsin,  tiyp- 
sin,  and  erepsin  the  protein  material  is  split  largely  or  entirely 
into  its  constituent  elements  and  its  nitrogen  appears  mainly  in 
the  form  of  the  amino-acids,  but  to  some  extent  also  probably  as 
ammonia.  In  addition  there  is  evidence  that  some  ammonia  is 
formed  in  the  large  intestine,  as  the  result  of  the  action  of  the 
putrefactive  bacteria.  The  ammonia  produced  in  these  waj-s  is 
probably  carried  to  the  liver  and  there  converted  to  urea.  In 
what  form  the  ammonia  exists  in  the  blood  is  not  positively  known; 
it  may  be  present  as  a  carbonate  or  possibly,  as  some  observers 
have  thought,  as  a  carbamate.  Ammonium  carbamate  might 
be  changed  to  urea  according  to  the  following  reaction: 

CO<ONH,-HKD=CO<gH;. 

Anmionia  salts  may  arise  similarly  in  the  tissues  of  the  body. 
since  the  cells  contain  intracellular  enzymes  capable  of  causing 
hydrolytic  cleavage  of  the  protein  molecule.  So  far  as  ammonia  i? 
produced  in  this  way,  it  will  be  converted  to  urea  by  the  action  of 
the  liver  and  possibly  by  a  similar  action  in  other  tissues. 

2.  Urea  arises  from  the  monamino-acids  by  a  process  of  deamin- 
ization,  whereby  the  NHa  group  is  converted  to  ammonia  and 
then  probably  to  urea.  In  the  digestion  of  protein  in  the  alimen- 
tary canal  amino-acids  are  formed  in  quantity.  The  current  belief 
in  physiology  is  that  these  amino-acids  are  carried  in  the  blood  to 
the  various  tissues  and  are  there  resynthesized  in  part  to  form  the 
characteristic  protein  of  the  tissue.  The  tissues  pick  and  choose  the 
several  amino-acids  necessar>'  for  their  reconstruction  or  growth. 

•  See  Nencki  and  Pawlow,  "Archives  des  sciences  biologiques/'  v,,  213. 
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The  aminoacids  not  so  used  havo  their  NHa  group  removed  by 
the  process  of  deaminization,  leaving  behind  an  organic  acid  or 
oxyacid  which  is  of  further  use  in  nutrition,  for  example,  as  a 
source  for  the  production  of  sugar  (p.  825).  The  general  nature  of 
the  procea.s  is  represented  by  the  conversion  of  alantn  t<3  lactic  acid. 

CHiCHNHiCOOH  -I-  H,0  =  NHi  +  CHjCHOHOCOH. 

There  is  evidence  to  show  that  this  process  of  deaminization,*  as 
well  as  the  further  conversion  of  the  ammonia  to  urea,  takes  place 
in  the  liver,  although  it  is  quite  possible  that  both  functions  may 
be  exhibited  by  other  tissues  as  well.  On  this  view  we  can  under- 
stand why  the  amount  of  urea  eliminated  in  the  urine  rises  and  falls 
with  the  amount  of  protein  taken  as  food.f  On  a  large  protein 
diet  the  amount  of  nitrogenous  material  supplied  is  in  excess  of  the 
aniovmt  needed  for  tissue  construction.  It  may  l)e  supposed  that 
the  excess  nitrogen  is  promptly  removed  and  excreted  as  urea 
according  to  the  process  described  alcove.  It  seems  probable  that 
the  larger  part  of  the  urea  actually  found  in  the  urine  under  normal 
conditions  comes  in  this  way  rather  directly  from  the  food.  The 
nitrogen  has  never  entered  into  the  structui'e  of  the  lx)dy.  But  on 
the  lo%vest  protein  diet  or  in  starvation,  when  the  body  is  living  on 
its  own  tis.sues,  urea  continues  to  Ik^  formed,  so  that  in  part  theurea 
of  the  urine  contains  some  nitrogen  which  has  proliably  arisen 
from  the  destruction  of  protein  tissue.  The  intennediate  steps  in 
this  latter  process  are  not  definitely  known,  but  possibly  they  may 
be  analogous  to  those  (.lescril>ed,  that  is  to  Hay^  the  protein  may  pass 
through  the  stage  of  amino-acids  and  subsequently  undergo  de- 
aminization. 

3.  Urea  arises  from  the  arginin,  formed  in  the  cleavage  of  the 
protein  molecule  by  conversion  of  the  contained  guanidin  radicle. 
Kossel  and  DakinJ  have  demonstrated  the  existence  of  a  ferment, 
present  in  the  liver  especially',  but  found  also  in  the  kidney,  thy- 
mus, muscle,  etc.,  arginase,  which  is  capable  of  splitting  arginin 
into  urea  and  omithin.  The  reaction  may  be  represented  by  the 
following  equation: 

NHC<^'}J'(0Hj^,CHNH,COf)n+H2O-CO<^[[HNH,(CH,),CHNH,ax^H 


ArvixiiD  (f  tMiudiQ-diaaiiQO-TaleriADic  acid). 


Una. 


DUmino-valerianic  acki. 


Unlike  cases  1  and  2,  the  urea  in  this  instance  is  fonned  from  the 
guanidin  residue  cijntained  in  the  arginin  and  not  from  the  amino- 

•  Van  Slyke  and  Meyer,  **Jowrnal  of  Biological  Chemistry,"  16,  187,  et  wg., 
1914. 

tFolin,  "American  Journal  of  Physiology,"  13,  117,  1905, 
j  ^'ZeiUchrift  f.  physioL  Chemie,'^  1904,  xlii.,  181. 
54 


850  PHT8IOLOGT   OF   DIOB8TION  AND   BBCBBTION. 

group.  Since  arginin  constitutes  one  of  the  split-products  d  the 
protein  during  digestion  and  probably  also  one  of  the  split-product8 
in  the  metabolism  of  the  proteins  of  the  tissues,  there  is  reason  to 
believe  that  part  of  the  urea  actually  formed  in  the  body  arises  by 
this  method.  It  is  possible  that  by  some  similar  method  the 
nitrogen  of  the  heterocyclic  radical  in  other  amino-acids  (imidasol, 
indol,  pyrol)  may  give  rise  to  urea,  but  nothing  is  known  in  regard 
to  this  possibility. 

Origin  and  Significance  of  the  Purin  Bodies  (Uric  Acid^ 
Xanthin,  Hypozanthin,  Adenin^  Guanin). — These  bodies  are 
related  chemically,  and  appear  also  to  have  a  common  physiological 
significance.  Their  chemical  relations  have  been  described  by 
Emil  Fischer,  to  whom  we  owe  the  term  purin  bodies.  Fischw 
pointed  out  that  these  and  other  substances  belonging  to  this 
group  have  a  conmion  nucleus: 
N  — C 

\r^     which     he    named     the    puiin     nucleus.   TTie 

hydrogen  compound  of  this  nuclexis  would  be  designated  as  purin, 

N-CH 

and  would  have  the  formula:    HC     0— NH     ,  CtH.N«   Addi- 

tion  of  an  atom  of  oxygen  gives  hypoxanthin,  CiH^N^: 
HN  — CO 


^c      i- 


NH 


jlj  _  Ij  _  v/CH.    Addition  of  two  atoms  of  oxygen  gives  laa- 
^       HN  —  CO 

thin,  CjH^N.O,:    CO      C  — NH 

h'n  —  (I;  —  N^^"    ^^  addition  of  three  atoma 
HN  — CO 

of  oxygen  gives  mc  acid,  C.H.N. O,:  CO       c  — NH        ,  which 

it!       >ro 

HN  —  C  —  NH 

from  this  standpoint  might  be  named  trioxypurin.  If  one  of  the  H 
atoms  in  the  purin  is  substituted  by  an  amino-group,  NHj,  the  com- 
pound, adenin  (C^H^N^,),  is  obtained,  and  the  substitution  of  an 
NHj  group  in  hypoxanthin  gives  the  compound  guanin  (CsH.N;*^'' 
Moreover,  caffein,  the  active  principle  of  coffee  and  tea,  and  theo- 
bromin,  the  active  principle  of  cocoa,  are  respectixely  trimethyl 
and  dimethyl  compounds  of  xanthin.  We  have  to  distinguish, 
therefore,  three  classes  of  purin  compounds,  namely,  the  oxypurins, 
comprising  monoxypurin  or  hj'poxanthin,  dioxypurin  or  xanthin. 
and  trioxypurin  or  uric  acid ;  the  aminopurins,  comprising  adenin  or 
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aminopurin  and  Euanin  or  aminohypoxanthin.  and  the  methyl- 
purtns,  comprising  c»iffein  or  trimethyl  XMiithin  {C^Hn.Np,  or  C^H- 
(CHy),Xj02)  antl  theobromin  or  dimethyl  xanlhin  (CjH^N^O^  or 
CjHjCCH^j^jN^Oj).  Uric  acid,  xanthin,  and  hypoxanthin  are  found 
constantly  in  the  urine  and  in  the  feces  small  amounts  of  xanthin, 
hypoxanthin,  adenin,  and  fuianin  may  also  occur.  It  has  been 
pointed  out*  that  these  svibstant'cs  i-onie  partly  from  piirin  bodies 
taken  as  food.  If  materials  containing  the  purin  boiiies.  such  as 
meat,  are  fed,  these  bodies  arecxci^ted  in  part  in  th<  urine.  It  is 
proposed  to  designate  the  uric  acid,  etc..  tliat  has  this  origin  as  the 
exogenous  purin  material.  A  portion  of  the  amount  daily  secreted 
comes,  however,  from  a  metaMism  of  the  protein  material  of  the 
body,  and  this  portion  may  be  distinguisheti  as  the  enflogenous  purin 
bodies.  This  latter  amount  is  found  to  be  practically  constant, 
0.15  to  0.20  gm.  per  clay  for  any  one  inthvidual,  and  the  amoimt  is 
not  affected  by  changes  in  the  quantity  or  character  of  the  food, 
but  varies  within  certain  limits  with  the  manner  of  life.  P>vi<iently 
the  endogenous  purin  nitrogen  rf[>rcst'iits  a  f^prcial  nietabolisiu, 
pix^pabiy  of  the  living  tis:?ucs,  that  gt)es  on  independently,  in  great 
measure,  of  the  mere  oxidation  of  food.  Evidence  has  accu- 
mulat^ed  which  shows  that  the  purin  bodies  of  the  urine  repre- 
sent the  em!-pro(lucts  of  the  motabohsm  of  nucleic  acid,  either  the 
nucleic  acid  of  the  tissues  ur  the  nucleic  acid  of  the  foail.f  Nucleic 
acid  exists  in  the  Ynx\y  in  more  or  less  definite  eonibination  with 
pn>tein  to  form  the  so-calle<l  nucleoproteins  which  are  supposed  to 
occur  chiefly  in  the  nuclei  of  the  cells.  The  nucleic  acid  itself  on 
hydrolysis  yields  several  nitrogenous  bases,  guanin,  adenin,  cyto- 
an,  and  thymin,  in  addition  to  phosphoric  acid  and  a  carbohydrate. 
Guanin  and  adenin  are  purin  bases,  while  the  cytosin  and  thjonin 
have  a  tlifFerent  structure  and  are  known  as  pyrimidin  Iwises. 
Within  the  molecule  of  nucleic  acid  these  constitu(*nts  are  grouped, 
80  that  each  nitrugen<»us  bjise  is  united  to  a  carlxihy<lrate  and  a 
phosphoric-acid  complex.  Such  a  grouping  is  designated  iis  a 
nucleotide,  and  nucleic  acid  is  frequently  spoken  of  as  a  tetranucleo- 
tide  whose  structure  may  be  represented  diagranunatically  as 
follows: 

Adenin-carbohyfiral^»-phi>s|)horit'  ncid. 

Guttnin-carbohydratc-pluc^I)!!*)^^  ucid. 

^t08in-carbohyciraU^plicx4i)tK»ric  acid. 

'niymiD-carbr>hydratc-|»l)i*.sp|i(jric  acid. 

The  breaking  down  of  the  nucleic  acid  involves  the  action  of  a 
numlier  of  different  enzymes  and  the  story  is  complicated  and  not 

•See  Burian  and  St-tmr,  "Archiv  f.  die  gcsammtc  PhvsJoloKie,"  94,  273, 
1903. 

t  For  a  full  account  and  the  literature  consult  Jones.  "Nucleic  Acids — 
Their  Chemical  Properties  and  Phytiiological  CunducL,"  10U. 
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wholly  ajurced  upon  by  the  different  workers.  It  is  supposed  that 
the  nucleic  acid  is  liberated  from  its  combination  with  protein  by 
the  nrtion  of  the  known  proteolytie  enzymes,  such  ns  pepsin  or 
tr^'psin  or  the  similar  autolytic  enzymes  in  the  tissues.  For  the 
destruction  of  the  nucleic  acid  itself  there  is  a  series  of  special 
enzymes  whose  action  as  described  by  Jones  isessentially  as  follows: 

1.  The  tetranucleotide  is  split  into  two  dinucleotides  (purin  and 
pyrimidin)  b^'  the  enzyme  tetranuclease.  The  further  history  of 
the  pyrimidin  nucleotides  is  not  known. 

2.  The  purin  nucleotides  are  split  by  two  enzymes,  phospho- 
nuclease  and  purin-nuclease.  The  former  splits  off  phosphoric 
acid  and  leaves  the  purin  bases  in  combination  with  the  carbo- 
hydrate, (giving  two  compounds  known  as  nucleosides,  namely, 
adenosin  and  iB;uanosin.  The  purin-nuclease  splits  off  adenin  and 
guanin  in  free  form  . 

3.  The  four  substances,  adenin,  guanin,  adenosin,  and  guanosin, 
arc  acted  upon  by  corresponding  deaminizint?  enzTOies,  adenase, 
guanase,  adenosinHieaminase,  and  (i;uanosin-doaminase,  and  con- 
verted to  oxypurins.  For  the  adenin  and  guanin  the  reaction  is  as 
follows : 

C»H»N,  -h  H,0  =  CJIiNiO  +  NH, 

Adeoia.  Hypoxaothio. 

CJIiN^O  +  H,0  -  C^IUN^O,  +  NH. 

Guanin.  Xanthin. 

The  nucleosides  (aiienosin  and  guanosin)  may  first  Ije  converted 
to  the  corresponding  oxy-compounds  (xanthosin  and  inosin).  and 
then  by  hydrolysis  the  carbohydrate  is  split  off  with  the  liberation 
of  xanthin  and  liypoxanthin. 

4.  The  xanthin  and  hypt»xanthin,  under  the  influence  of  an  oxi- 
dase (xanthinoxidase)»are  in  part  oxidized  to  uric  acid,  CsH4N40j. 
In  man  this  oxidas(^  seems  to  occur  only  in  the  liver,  so  that  the 
immediate  production  of  uric  acid  must  be  referred  to  this  organ. 

5.  In  man  the  uric  acid,  xanthin,  and  hypoxanthin  represent 
the  final  end-pniducts  of  the  metalxjlism  of  the  nucleic  acid  or, 
rather,  of  the  purin  nucleotide  portion  of  its  molecule,  and  to 
the  extent  that  they  occur  in  the  urine  they  indicate  so  much 
nucleic  acid  broken  down.  In  the  other  mammals  the  oxidation 
process  goes  a  step  further — the  uric  acid  is  converted  to  allantoin 
by  an  oxidase  known  as  uricolylic  enzyme  or  uncase,  whose  action 
may  be  represented  by  the  equation: 

C»H*N^,  +  H/D  -i-  O  -  C,H.N40,  +  00. 

Uric  acid.  Allantoin. 

Origin   and    Significance    of    the    Creatinin   and    Creatii 
Creatinin  (CiHrNjO)  occurs  in  the  urine,  and  it  was  formerly 
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sumed  that  it  is  derived  from  the  cre^tin  (C4HBN3O2)  found  in 


NH 


CO 


L 


muscle.     Its  structural  formula  is  given  as  NHCv  1     and  its 

chemical  relations  are  indicated  by  the  fact  that  it  may  be  prepared 
synthetically  from  methyl-glycocoll  and  cyanamid — that  is,  the 
union  of  these  two  substances  gives  creatin,  from  which  in  turn 
creatinin  may  be  obtained  by  loss  of  a  molecule  of  water. 


NEC—NH, 

Cyanamid. 


+     NH(rH.)CH,COOH   =    NHC/NHj^^^^^^^^^^j^ 
Hethyl'KlyeooolL  Creatin. 


Creatinin  occurs  in  the  urine  constantly  and  in  aniounts  equal  to 
1  to  2  gms.  per  day,  or,  according  to  Shilffer,*  there  is  an  excretion 
of  from  7  to  11  mg,  of  creatinin  nitrogen  per  kili>gram  of  body- 
weight.  Next  to  the  urea  and  the  aninionia  ctimpounds  it  f<irm3 
the  most  important  of  the  kmnvn  nitrogenous  constituent  of  the 
urine.  Its  physiological  history  is  imperfectl}*  known.  Under 
constant  conditions  of  life  the  amount  of  creatinin  formed  in  the 
body  is  independent  of  the  c[uantity  of  protein  eaten,  and  this 
fact  indicates  (Folin)  tliat  it  represents  an  end-product  of  the 
metabolism  of  living  or  oi^aniz*^  protein  tissue  rather  than  one 
of  the  results  of  the  metalx)lism  of  the  food  protein.  This  con- 
clusion is  strengthened  by  tiie  fact  that  in  fevers  and  other  patho- 
logical conditions  in  which  there  is  an  increased  breaking  down  of 
tissues  the  creatinin  excretion  i?  increase<l.t  Creatinin  is  pres<^nt 
in  small  amounts  in  the  blood,  1  to  2  mgms  (x^r  lOOgms.  of  blood, 
and  in  somewhat  larger  amount  in  the  muscular  tissue.  Creatin, 
on  the  otlier  haiuh  i^  present  in  muscular  tissue  to  a  relatively  large 
per  cent.,  O.o  ttt  O.ti  gin.  per  1(K)  gms.  of  nmscle,  although  Folin 
contends  J  that  this  large  yiekl  is  due  to  postnu>rtem  changes  and 
that  in  the  living  muscle  little  or  none  is  present  in  free  condition. 
CreAtin  occurs  in  the  blood  in  small  amounts,  but  in  the  urine  it  is 
not  nontially  present  so  far  as  the  normal  adult  man  is  concerned. 
In  children,  however,  it  is  constantly  present  in  the  urine,  anil  in 
women  it  is  said  to  occur  after  menstruation,  during  pregnancy, 
and  in  the  puer|>eriura.§  So  al.-^o  in  mankind  the  urine  shows  the 
presence  of  creatin  during  starvation  or  in  fevers.  It  has  not  been 
found  possible  to  interpret  satisfactorily  these  various  facts. 
According  to  one  viewjl  the  creatin  and  creatinin  are  related  and 

*  Consult  ShiifTer,  "American  Journal  of  Physiology,"  33>  1,  1908. 
t  Hooffenhuvae  and  Wrploe^h,  "Zeitschrifl  f.  phvHiol.  Chemie,"  57,  161. 
1908. 

i  Folin  ami  Denis,  "Journal  of  Biological  Chcmr«try,'*  17,  493>  1914. 
Krau.se,  "Quarterly  Journal  of  Exp.  PhysioloK;^',"  7.  87,  1913. 
Mendel  and  Rose,"  Journal  of  Biological  Chemistry,"  10,213,  1911;  also 
Meyers  and  Fine,  iM.,  15,  283,  1913. 
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have  a  common  physiolo^cal  siKnifican(*e  in  rep;jirrl  to  the  nietalxH 
lism.  The  creatin  is  regarded  a.s  an  end-product  of  the  break-down 
of  organized  or  living  protein  tissue.  It  is  j>rodured  constantly'  in 
the  tissues  and  is  normally  eonverte*)  to  frealinin  Ix^fore  it  is  ex- 
creted in  the  urine.  Under  exeeptional  conditions,  such  as  stan'a- 
tion  or  fever,  the  disintegration  of  the  tissues  is  increased  and  the 
amount  of  ereatin  produced  is  to^i  large  to  be  wholly  changed  to 
creatinin,  with  the  result  that  botli  creatin  and  creatinin  apj>ear  in 
the  urine.  Other  ol>servers*  iK'lieve  that  the  metabolic  history  and 
significance  of  creatin  antl  creatinin  are  different.  The  creatinin 
fornied  in  the  ti.ssues  represents  an  end-product  of  the  breaking 
down  of  the  organized  tissue  and,  indeetl,  forms  an  index  of  the 
amount  of  this  tissue  wear  ami  tear,  but  it  is  given  off  \o  the  Itlooil 
and  excreted  in  tlie  urine  as  creatinin.  The  creatin,  on  the  con- 
trary, while  also  constantly  formed  in  the  tissues  a.s  a  result  of  their 
metabolism,  is  not  converted  to  creatinin,  but  undergoes  some  fur- 
ther and  a.s  yet  unknown  metabolic  change.  When  creatin  is  fed 
to  a  man,  for  example,  it  is  not  excreted  in  the  urine  as  creatin  or 
as  creatinin,  but  is  usoil  in  some  way  in  the  botiy.  On  this  view 
the  significimce  of  the  creatin  remains  undetermined,  and  its 
genesis  and  fate  are  also  left  unset  tied »  except  so  far  as  to  deny  its 
conversion  to  creatinin. 

Hippuric  Acid. — Tliis  substance  has  the  formula  CuHgNOi.  Its 
molecular  .'itrueturc  is  known,  since  upon  decomposition  it  >ields 
benzoic  acid  ami  glyctjcoll,  and,  moreover,  it  may  l>e  proiluced 
synthetically  by  the  union  of  these  two  substances.  Hippuric  acid 
may  he  des<TilxMl,  therefore,  as  a  b<mzoyl-amino-aceti<'  acid  (t'Hj- 
NHICeH&COjCOOH).  It  is  found  in  consi^it^rable  quantities  in  the 
urine  of  herbivorous  animals  (L5  to  2.5  per  cent.),  and  in  much 
smaller  aniounta  in  the  urine  of  man  and  of  the  caniivora.  In 
human  urine,  on  an  average  diel,  about  OJ  gm.  are  excreted  in 
twenty-four  hours.  If  the  diet  is  largely  vegetable,  this  amount  may 
be  much  increased.  This  last  fact  is  readily  explained,  for  it  luis  been 
found  that  if  benzoic  acid  or  subst^inces  containing  this  grouping 
are  fed  to  annuals  they  appear  in  the  urine  as  hippuric  aciil.  E\i' 
dently  a  synthesis  occurs  in  the  lx)dy,  and  Hunge  and  Schmie- 
delierg  provixi  conchisivcly  tliat  in  dogs  tlie  union  of  l>enzoic  acid 
and  glycocoll  to  fonti  hippuric  acid  take*  ]^laee  in  liie  kidney 
itself.  Later  it  was  discovered  t  that  the  same  synthesis  may  be 
effected  by  ground-up  kidney  tissue,  mixed  with  b\ood  and  kept 
under  oxygen  pressure.  It  seems  possil»le,  therefore,  that  the 
synthesis  is  due  Uy  some  s[)ecific  constituent  of  the  kidney  cells, 

•  Fdliii  [ind  Kriiiisp,  loc.  cit.:  also  BcQedict  and  Osterberg,  ''Journal  of  Bio- 
logical Chcrnistrv."'  IS,  195.  1914. 

t  Basliford  and  Cramer,  "Z<?it«jchrift  f.  physiol.  Chemie,"  35,  324,  IW)2. 
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possibly  an  enzyme.  Vegetable  foods  contain  l)enzoic  acid  com- 
pounds, and  we  can  understand,  therefore,  why  when  fed  they  in- 
crease the  hippuric  acid  output  of  the  urine.  Since  in  starving 
animals  or  animals  fed  upon  meat  hippuric  acid  is  still  present 
in  the  urine,  althouj^h  reduced  in  amount,  it  is  eviflent  that  it 
arises  in  part  as  a  result  of  the  body  metabolism.  Tlie  physio- 
logical significance  of  this  nitrogenous  product  is  diffen^nt  from 
those  [previously  considered  in  that  it  d<)es  not  re[)resent  the 
result  of  a  special  ujctaboUsm  of  protein  food  or  protein  tissue, 
but  is  rather  a  provision  1^'  whi<^h  Ix^izoic  acid  when  present 
in  the  food  or  formed  in  the  body  is  conjugated  with  glycin  and 
excreted. 

The  Conjugated  Sulphates  and  the  Sulphur  Excretion. — 
The  sulphur  excretion  of  the  urine  possesses  an  importance  similar 
to  that  of  nitrogen.  Sulphur  constitutes  an  element  in  most  of  the 
proteins,  and  in  i>omc  form,  therefore,  it  will  be  represented  in  the 
end-pro(Ju<;ts  of  protein  metabolism.  The  sulphur  elimination  in 
the  urine,  like  the  nitrogen  elimination,  ha-s  Ijeen  taken  as  a  meiisure 
of  the  amount  of  protein  destruction.  In  the  urine  the  sulphur 
occui-s  in  thi-ee  forms:  (I)  In  an  oxidized  form  as  inorganic  sul- 
phates. Some  of  the  sulphates  are  undoubteiily  flerive<l  or  may  l>e 
derived  from  the  mineral  sulphates  ingested  with  the  Uhh\.  but  the 
larger  part  arises  from  the  oxidation  of  the  sulphur  of  the  proteins. 
(2)  The  so-called  conjugated  or  ethereal  sulphates  are  combinations 
between  sulphuric  acid  ami  indoxyl,  skatoxyl,  phenol,  and  cre.sol. 
giving  us  phenolsulphuric  acid  (r,iH,,OSO^OH),  t-resolsulphuric  acid 
(C.H/)SO.,OH).  indoxylsuiphuric  arid  ornulirun  ((;H,N'OSO/>H), 
an<l  skatoxylsulphuric  aci<l  (C'^H^NOSO^OHi,  The  indol.  skatol, 
phenol,  and  cresol  are  formed  in  the  large  intestine  as  a  result  of  bac- 
teria! putrefaction.  They  are  eliminated  in  part  in  the  feces,  but 
in  part  are  absorbed  into  the  bloo<l,  and  after  oxidation  are 
conjugated  with  sulphuric  acid  and  eliminated  in  the  urine.  The 
process  of  conjugation  is  valuable  from  a  physiological  standpoint, 
as  it  converts  substances  having  an  injurious  action  into  harmless 
compounds.  It  should  be  added,  also,  that  to  a  small  extent  the 
phenol,  indoxyl,  and  skatoxyl  may  l>e  secreted  in  the  urine  as  con- 
jugat^ed  glucuronates, — that  is,  in  combination  with  gh'curonic  acid 
(CjHjjiO^),  a  reducing  substance  closely  connected  with  dextrose. 
From  a  nutritional  standpoint  the  amount  of  these  substances  pres- 
ent furnishes  a  measure  of  the  extent  of  protein  putrefaction  in  the 
intestine,  by  virtue  of  the  indol  and  phenol  constituents.  All  con- 
ditions that  increase  the  putrefactive  processes  in  the  intestine 
are  accompanied  by  a  parallel  increase  in  the  ethereal  stilphates. 
By  virtue  of  the  sulphuric  acirl  comjwnent  theee  bodies  represent 
also  one   of   the    forms    in    which   sulpnur  is  excreted  from    the 
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body.  (3)  Some  of  the  sulphur  in  the  urine  may  occur  in  unoxid- 
ized  form  as  sulphocyanid  or  as  ethyl-€ulphide  (Abel)  (ICjHJ^). 
Under  certaui  pathoio^ical  conditions  (cystinuria)  some  sulphur  may 
be  excreted  in  the  form  of  cystin,  but  this  is  not  a  normaJ  con- 
stituent of  the  urine.  For  other  most  interesting  and  significant 
changes  in  the  composition  of  the  urine  under  pathological  eondi- 
tions  reference  must  he  made  to  special  works  upon  the  urine  or 
upon  pathological  chemistn'. 

Water  and  Inorganic  Salts. — Water  is  lost  from  the  boiiv 
through  three  main  channels. — namely,  the  lungs,  the  skin,  aod 
the  kidney,  the  liust  of  the.se  being  the  most  important.  The  quan- 
tity of  water  lost  thr^mgh  the  lungs  probably  varies  witliin  small 
limits  only.  The  quantity  lost  through  the  s^-eat  varies,  of  courae, 
with  the  temperature,  vnth  exercise,  etc.,  and  it  may  be  said  that 
the  amounts  of  water  secreted  tlux>ugh  kidney  and  skin  stand  in 
something  of  an  inverse  proportion  to  each  other;  that  is,  the  greater 
the  quantity  lost  through  the  skin,  the  less  will  lie  secreted  bv  tk 
kidneys.  Tlirough  these  tbree  organs,  but  mainly  tbrough  tk 
kidneys,  the  blood  is  being  continually  depleted  of  water,  and  tk 
loss  must  be  made  up  iiy  the  ingestion  of  new  water.  When  water 
is  swa!lowe<l  in  excess  the  superfluous  amount  is  rapidly  eliminatal 
through  the  kidneys,  and  there  is  some  evidence  (p.  843)  that  in 
this  case  tin*  excretion  of  the  excess  of  water  is  coDtrolliNJ  l)y  a 
special  hormone  found  in  the  small  intestine.  The  araouni  o( 
water  ^^et;^etelJ  may  be  increased  by  the  action  of  diuretics,  suchtf 
potassium  nitrate  and  caffcin. 

The  inorganic  salts  of  urine  consist  chiefly  of  the  clilorids,  ph* 
phates,  and  sulphates  of  the  alkalies  and  the  alkaline  earths.  It 
may  be  said,  in  general,  that  they  arise  partly  from  the  salts  ingested 
with  the  food,  and  are  elimiiuited  from  the  blood  by  the  kidney 
in  the  water  secretion;  and  in  part  they  arc  formed  in  the  d«tnJ^ 
tive  metabolism  that  takes  place  in  the  body,  particidarly  tbat 
involving  the  proteins  and  related  bodies.  Sodium  chlorid  riPCUJ? 
in  the  large-st  quantities,  averaging  about  15  gms.  per  day.  ^ 
which  the  larger  part,  doubtless,  is  derived  directly  fmni  the  salt 
taken  in  the  food.  The  phosphates  occur  in  combination  with  c»^ 
cium  and  magnesium,  but  chiefly  as  the  acid  phosphates  of  sodiuni 
or  potassium.  The  acid  reaction  of  the  urine  is  usually  attributed 
to  th&se  latter  substances.  The  phosphates  result  in  part  froratiie 
dest  ruct  ion  of  phosphonis-containing  tissues  in  tlie  IxkIv.  ^ 
chiefl}'^  fmm  the  phosphates  of  the  food.  The  sulphates  of  urin» 
are  found  partly  in  an  oxidized  form  as  simple  sulphates  or  coo- 
jugated  with  organic  compounds,  as  descril>e<i  alx>ve. 

Micturition. — The  urine  is  secreted  continuously  by  the  kid- 
neys, is  carried  to  the  bladder  through  the  uretere.  and  is  then  a* 
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inten'als  finally  ejected  from  the  bladder  through  the  urethra  by 
the  act  of  micturition, 

MovementJi  of  the  ['reiers. — The  ureters  possess  a  muscular  coat 
consisting  of  an  interna!  longitudinal  and  external  circular  layer. 
The  contractions  of  this  muscular  coat  form  the  means  by  which 
the  urine  is  driven  from  the  pelvis  of  the  kidney  into  the  bladder. 
The  movemenU  of  the  ureter  have  been  carefully  studied  by  Engel- 
mann.*  According  to  his  description,  the  nuisculature  of  the  ureter 
contracts  spontaneously  at  intervals  of  ten  to  twenty  seconds  (rab- 
bit), the  contraction  beginning  at  the  kidney*  and  progressing 
toward  the  bladder  in  the  form  of  a  jwristaltic  wave  and  with  a 
velocity  of  about  20  io  30  mms,  (>er  second.  The  result  of  this 
movement  should  be  the  forcing  of  the  urine  into  the  bladder  in  a 
series  of  gentle,  rhythmical  spurtK,  and  this  method  of  filling  the 
bladder  has  been  obser\^ed  in  the  h\unan  being.  8uter  and  Mayerf 
report  some  observations  upon  a  boy  in  whom  there  was  ectopia 
of  the  bladder,  with  exposure  of  the  orifices  of  the  ureters.  The 
flow  into  the  bladder  was  intermittent  and  was  about  equal  upon  the 
two  sides  for  the  time  the  child  was  under  ol^servation  (three  and 
a  half  days). 

The  causation  of  the  contractions  of  the  ureter  musculature  is 
not  easily  explained.  Engelniann  finds  that  artificial  stimulation 
of  the  ureter  or  of  a  piece  of  the  ureter  may  start  jx'ristaltic  con- 
tractions which  move  in  both  directions  from  the  point  stinndated. 
He  was  nnt  able  to  find  ganglion  cells  in  the  upjier  two-thinls  of  the 
ureter  and  was  le<:l  to  believe,  therefore,  that  the  contniction  orig- 
inates in  the  muscidar  tissue  in(le[>endently  of  extrinsic  or  intrinsic 
ner\'es,  and  that  the  contraction  wave  propagates  itself  directly 
from  muscle  cell  to  muscle  cell,  the  entire  musculature  behaving 
as  though  it  were  a  single,  colossal,  hollow  iimscle-filier.  Efforts 
to  show  a  rcjiulatory  action  upon  these  movements  through  the 
central  nervous  system  have  so  far  given  negative  results. 

Morem^n(s  of  the  Blcuider. — The  Vjladdcr  contains  a  muscular 
coat  of  plain  muscle  tissue^  which,  according  to  the  usual  descrip- 
tion, is  arranged  so  as  to  make  an  external  longitudinal  coat  and  an 
internal  circular  or  oblique  coat.  A  thin,  longitudinal  layer  of 
muscle  tissue  lying  to  the  interior  of  the  circular  coat  is  also  de- 
scribed. The  separation  l>etwecn  the  longitudinal  and  circular 
layers  is  not  so  definite  a^  in  the  case  of  the  intcHtine;  they  seem, 
in  fact^  to  form  a  contiimous  la^'er,  one  passing  gradually  into  the 
other  by  a  change  in  the  direction  of  the  fibers.  At  the  opening  of 
the  bladder  into  the  urethra,  the  musculature  in  the  submucosa  is 

•  "PfiUger's  .\rchiv  f.  die  geHammtc  Phywiulogie,"  2.  243,  1809,  and  4,  33; 
•ee  also  LucuH,  "American  Journal  of  PhyaioloKy,"  17,  392.  1906. 

t  "Archiv  f.  cxper.  Fathologie  uiid  Pharmtilologie/'  32,  241,  ld93. 
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body.  (3)  Some  of  the  sulphur  in  the  urino  may  occur  in  unoxid- 
ized  form  as  sniphocyanid  or  as  ethyl-siilphide  (Abel)  ([C^HJ^). 
Under  certain  pathologica]  oonditions  ((yKtiniiria)  some  sulphur  may 
be  excreted  in  the  form  of  cystin,  but  thus  is  not  a  normal  con- 
stituent of  the  urine.  For  other  most  interesting  and  signiRcant 
changes  in  the  composition  of  the  urine  under  pathological  condi- 
tions reference  must  l>e  made  to  special  works  upon  the  urine  or 
upon  pathological  ehemist^>^ 

Water  and  Inorganic  Salts.— Water  is  lost  from  the  body 
tlut)ugh  three  main  channels, — namely,  the  lun|?s,  the  skin,  and 
the  kidney,  the  last  of  these  being  the  most  important.  The  quan- 
tity of  water  lost  through  the  lungs  probably  varies  within  small 
limits  only.  The  quantity  lost  through  the  swent  varies,  of  course, 
with  the  temi:»erature,  with  exercise,  etc.,  and  it  may  be  said  that 
the  amounts  of  water  secreteti  through  kidney  and  skin  stand  in 
something  of  an  inverse  proportion  to  each  other;  that  is,  the  greater 
the  quantity  lost  through  the  skin^  the  less  will  be  secreted  by  the 
kidneys.  Through  these  three  organs,  but  mainl\'  through  the 
kidneys,  the  blood  is  being  continuallj'-  depleted  of  water,  and  the 
loss  must  be  made  uj3  by  the  ii]gestton  of  new  water.  Wheji  water 
is  swallowed  in  excess  the  su[)erfluous  amount  is  rapidly  eliminated 
through  the  kiHneys,  and  there  is  some  evidence  (p.  843)  that  in 
this  case  the  excretion  of  the  excels  of  water  is  controlled  by  a 
special  honnone  foimd  in  the  snudl  intestine.  The  amount  of 
water  secreted  may  be  increased  by  the  action  of  diuretics,  such  as 
potassium  nitrate  ami  caffein. 

The  inorganic  salts  of  urine  consist  chiefly  of  the  chloritls.  phos- 
phates, and  sulphates  of  the  alkalies  and  the  alkaline  earths.  It 
may  be  said,  in  general,  that  they  arise  partly  from  the  salts  ingested 
with  the  food,  and  are  eliminated  from  the  blood  by  the  kidney 
in  the  water  secretion;  and  in  part  they  are  formed  in  the  destruc- 
tive metabolism  that  takes  place  in  the  body,  particularly  that 
involving  the  pn>t.eins  and  related  bodies.  Sodium  chlorid  occure 
in  the  largest  quantities,  averai^ing  about  15  gms.  per  day.  of 
wliich  the  larger  part,  tlouhtless.  is  derived  dirertly  from  the  salt 
taken  in  the  food.  The  phosphates  occur  in  combination  with  cal- 
cium and  magnesium,  but  chiefly  as  the  acid  phosphates  of  sodium 
or  potassium.  The  acid  reaction  of  the  urine  is  usually  attributed 
to  lhe.se  latter  substances.  The  phosphates  result  in  part  from  the 
destruction  of  phosphorus-containing  tissues  in  the  body,  but 
chiefly  from  the  phosphate?  of  the  food.  The  sulphates  of  urine 
are  found  partly  in  an  oxidized  form  as  simple  sulphates  or  con- 
jugated with  oiganic  compounds,  as  described  alx>ve. 

Micturition. — The  urine  Ls  secreted  continuously  by  the  kid- 
neys, is  currieil  to  the  bladder  through  the  uretere.  and  is  then  at 
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intervals  finally  ejected  from  the  bladder  through  the  urethra  by 
the  act  of  micturition. 

Movements  oj  the  Ureters. — The  ureters  possess  a  muscular  cont 
consisting  of  an  internal  lonpitudinal  and  external  circular  layer. 
The  contractions  of  this  muscular  coat  form  the  means  by  which 
the  urine  is  driven  from  the  pelvis  of  the  kidney  into  the  bladder. 
The  movements  of  the  ureter  have  been  carefully  studied  by  Engel- 
mann.*  According  to  Ids  description,  the  musculature  of  the  ureter 
contracts  spontaneoTisly  at  inten'als  of  ten  to  twenty  seconds  (rab- 
bit), the  contraction  beginning  at  the  kidney  and  prfigressing 
toward  the  bladder  in  the  form  of  a  peristaltic  wave  and  with  a 
velocity  of  about  20  to  30  Tarns,  jxr  second.  The  result  of  this 
movement  should  be  the  forcing  of  the  urine  int^o  the  blad<ler  in  a 
series  of  gentle,  rhythmical  spurts,  ami  this  method  of  filling  the 
bladder  has  been  observed  in  the  human  being.  tSuter  and  Ma3'ert 
report  some  observations  ufiow  a  boy  in  whom  there  was  ectopia 
of  the  bladder,  with  exposure  of  the  orifices  of  the  ureters.  The 
flow  into  the  bladder  was  intermittent  and  was  about  ecjual  upon  the 
two  sides  for  the  time  the  child  was  under  observation  (three  and 
a  half  days). 

The  causation  of  the  contractions  of  tlie  ureter  musculature  is 
not  easily  explained.  Engebnann  tinds  that  artificial  stimulation 
of  the  ureter  or  of  a  piece  of  the  ureter  nia>*  start,  fx^ristaltic  con- 
tractions which  move  in  both  directions  from  the  point  stimulated. 
He  was  not  able  to  find  ganglion  cells  in  the  upf>or  two-thirds  of  the 
ureter  and  was  led  to  lielieve,  therefore,  that  the  contraction  orig- 
inates in  the  muscular  tissue  independently  of  extrinsic  or  intrinsic 
nerves,  and  that  the  contraction  wave  propagates  itself  directly 
from  muscle  cell  to  muKclc  cell,  thf  entire  musculature  behaving 
as  though  it  were  a  single,  ctilossab  hollow  mus('|p-fi!>er.  Efforts 
to  show  a  rcKulatory  action  upon  these  niovemeiits  through  the 
central  nervous  system  have  so  far  given  negative  results. 

Movements  of  the  Bladder. — The  bladder  contains  a  muscular 
coat  of  plain  muscle  tissue,  which,  according  to  the  usual  descrip- 
tion, is  arranged  so  as  to  make  an  external  longitudinal  coat  and  an 
internal  circular  or  oblique  coat.  A  thin,  longitudinal  layer  of 
muscle  tissue  lying  to  the  interior  of  the  circular  coat  is  also  de- 
scribed. The  separation  between  the  longitudinal  and-  circular 
layers  is  not  so  definite  as  in  the  case  of  the  intestine;  they  seem, 
in  fact,  to  form  a  continuous  layer,  one  passing  gradually  into  the 
other  by  a  change  in  tiie  direction  of  the  fibers.  At  the  opening  of 
the  bladder  into  the  urethra,  the  musculature  in  the  submucosa  is 

•  "Pfltiger'fl  Archiv  f.  die  geHarnrnt*?  Physiologie,"  2,  243,  1869,  aad  4,  33; 
see  also  Lucas,  "American  Journal  of  PhyfliotoKy,"  17,  392,  1906. 

t  "Archiv  f.  exper.  Pathologic  unci  PharmiScologie,"  32,  241,  1893. 
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strengthened  to  form  a  rinK  around  the  orifice  and  along  the  bepo- 
ning  of  the  urethra  which  is  supposed  to  function  as  a  sphincter,  the 
internal  sphincter  or  sphincter  ve.sic4z  intcrmw.  Around  the  urethri, 
in  the  prostate  aiul  membranous  portions,  is  a  circular  layer  iif 
striated  muscle  that  is  frequently  designated  as  the  extcnol 
sphincter  or  sphincter  urethrae.  The  urine  brought  into  thf 
bladder  accumulates  witliiti  its  cavity  to  a  certain  limit.  Il  if 
prevented  from  escaping  tlirough  the  urethra  by  a  tonic  co^tIl^ 
tion  of  the  internal  sphincter.  When  the  accumulation  becotno 
greater  the  external  sphincter  may  be  brought  into  action.  Back- 
flow  of  urine  from  the  bladder  into  the  ureters  Is  effectually  pre- 
vented by  the  oblique  course  of  the  ureters  through  the  wiilJof 
the  bladder.  Owing  to  this  circumstance,  pressure  within  the  blad- 
der serves  to  close  the  mouths  of  the  ureters,  and,  indeed,  the  mm 
completely,  the  higher  the  pressure.  At  some  point  in  the  filling 
of  the  bladder  the  pressure  is  sufficient  to  arouse  a  conscious  sen- 
sation of  fullness  and  a  desire  tt*  micturate.  Under  normal  coodi- 
tions  tlie  act  of  micturition  follows.  It  consists  essentially  in  a 
strong  contraction  of  the  bladder,  with  a  simultaneous  relaxation 
of  the  internal  sphincter,  and  of  the  external  sphincter  also  if  this 
latter  is  in  contraction. 

The  force  of  this  contraction  is  considerable,  as  is  e%idenc«dby 
the  height  to  which  the  urine  may  spurt  from  the  end  of  the  urethri. 
According  t^  Mosso,  the  contraction  may  support,  in  the  dog, » 
coluitm  of  liquiil  two  met-ers  high.  The  contractions  of  the  blad- 
der may  be  and  usually  are  assisted  by  contractions  of  the  «lk 
of  the  abdomen,  especially  toward  the  end  of  the  act.  As  in  defc* 
tiou  and  vomiting,  the  contraction  of  the  abdominal  muscke^  whffl 
the  glottis  is  closed  so  as  to  keep  the  diaphragm  fixed,  serves  to  in- 
crease the  pressure  in  the  abdominal  and  |x?lvic  cnvities.  and  iha 
assists  in  or  eomplet^a  the  emptying  of  the  bladder.  It  il 
however,  not  an  essential  jwirt  of  the  act  of  micturition.  'Hw  lasi 
portions  of  the  urine  escaping  into  the  urethra  are  ejw*t©tl,  in  the 
male,  in  spurts  produced  by  the  rhytlunical  contractions  of  the 
bulbocavcniosus  muscle. 

The  act  of  micturition  as  it  takes  place  in  man  is  pictured  by 
Rehfisch*  as  follows:  As  the  urine  accmnulat^s  in  the  bladder thff 
pressure-stinnilution  of  the  sensory  fibers  leads  to  a  n^flex  stimu- 
lation of  tlic  internal  sphincter.     Further  accumulation  by  aprts-  ^ 
sure  effect  on  the  sensory  fibers  causes  reflex  contractionj*  otj 
muscle  of  the  bladiler,  and  the  additional  sensory  stimuli  prodd 
by  these  contractions  spreading  upward  from  the  lower  center ocrft- 
sion  the  conscious  desire  to  urinate.      In  the  adult  at  least  ilw 
urination  takes  place  by  a  voluntary'  act,  wliich  consists  b  an  inhi* 
•Virchow's  "Archiv  f.  path.  Anat.,"  eU.,  150,  HI,  1897. 
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bition  of  the  tonus  renter  in  the  lumbar  cord,  whose  reflex  stimula- 
tion has  up  to  this  point  maintained  the  tonic  contraction  of  the 
internal  sphinct-er.  The  effect  of  this  inhibition  is  to  relax  the 
sphincter  and  to  allow  the  bladder  to  empty  itseif  by  its  reflex 
contraction,  aided  perhaps  by  a  voluntary  (.-ontraction  of  the  ab- 
dominal muscles.  During  the  emptying  of  the  bladder  the  process 
can  bo  brought  to  a  stop  voluntarily  by  remo\ing  the  inhibition, 
thus  aUuwiitg  the  internal  spliitu-ler  tu  cunlract  and  shut  off  the 
flow.  Rehlisoh  considers  that  the  external  sphincter  (and  coinpri's- 
sor  urethrffi)  play  a  relatively  small  r61e,  serving  as  a  reserve  mech- 
anism to  aid  in  the  closure  of  the  urethra, 

Mosso  and  Pellacani*  have  made  experiments  upon  women  in 
which  a  catheter  was  introduced  into  the  bladder  and  connet'ted 
with  a  rerordintr  apparatus  lo  measure  the  volume  of  the  bladder. 
Their  experiments  imUcatc  that  the  sensation  of  fullness  and  desire 
to  micturate  come  from  sensory  stimulation,  in  the  bladtlor  itself, 
'd  by  the  pressure  of  the  urine.  They  point  out  that  the 
'bladder  is  vevy  sensitive  to  retiex  stimulation;  that  ever\^  j^sychical 
act  and  every  sensor>'  stimulus  is  apt  to  cause  a  contraction  or  in- 
creased tone  of  the  blailder.  The  bladder  is  therefore  subject  to 
continual  changes  in  size  from  rcflex  stimulation,  and  the  pressure 
within  it  will  depend  not  simply  on  the  quantity  of  urine,  but  on 
the  condition  of  tone  of  its  muscles.  At  a  certain  pressure  the 
sensory  nerves  are  stimulated  and  under  nonnal  conditions  mictu- 
rition ensues.  We  may  understand,  from  this  point  of  \iew,  how  it 
hapi^jens  that  we  have  sometimes  a  strong  desire  to  micturate  when 
the  bladder  contains  but  little  urine, — for  example,  vmdcr  ejnotionaJ 
excitement.  In  such  cases  if  the  micturition  is  prevented,  probably 
by  the  action  of  the  external  sphincter,  the  bladder  may  sub- 
sequently relax  and  the  sensation  of  fullness  and  desire  to  micturate 
pass  away  until  the  m-ine  accumulates  in  sufiicient  quantity,  or  the 
pressure  is  again  niised  by  st>rae  circumstance  which  causes  a  reflex 
contraction  of  the  bladder. 

Nervous  Mechanism, — According  to  Langleyand  Anderson. f  the 
bladder  in  cats,  dogs,  and  rabbits  receives  motor  fillers  from  two 
Bounces:  (1)  From  the  hmibar  nerv^es.  the  filx^rs  piissing  out  in  the 
second  to  the  fifth  lumbar  ner\*es  and  reaching  the  blaihler  through 
the  sympathetic  chain  and  the  inferior  mesenteric  ganglion  and 
the  hyp4)gastric  nerves  and  plexus  (Fig.  287).  Stimulation  of 
these  nerves  causes  a  comparatively  feeble  ciintraction  of  the  blad- 
der followed  by  an  inhibition.  (2)  From  the  sacral  spinal  nerves, 
thefil>ers  originating  in  the  second  and  third  sacral  spinal  nerves, 
or  in  the  rabbit  in  the  third  and  fourth,  and  taking  their  course 

•"Archives  italiennes  do  biolope,"  1,  1882. 
t  "Journal  of  Phy«iology,"  19.  71,  1895. 
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through  the  so-called  nervi  eriRentes  or  pelvic  nerves  and  the  hy^ 
gastric  plexus.  Stimulation  of  these  nerves  causes  stmoK  conlnw* 
tions  of  the  bladder,  sufficient  to  empty  its  contents.  (3)  Expeiv 
ments  in  lower  animals  indicate  that  the  urethra,  in  additioi 
to  the  paths  just  doscriljed,  receives  fibers  also  from  the  pwfii 
branch  of  the  sciatic  plexus.  AccordinR  to  Nawrocki  and  Skabit- 
schewsky,*  the  8(>inal  sensory  fil>ers  from  tlie  bladder  are  found  t 
the  posterior  roots  of  the  first,  second,  third,  and  fourth  sacol 
spinal  nerveSf  particularly  the  second  and  third.  When 
fibers  are  stimulated  they  excite  reflexly  the  motor  fibers  to  tl 
bladder  found  in  the  anterior  roots  of  the  second  and  third 
spinal  nerves.  The  relations  of  this  nerve-«upply  to  the  acl  o^ 
micturition  is  difficult  to  stat^e.  That  the  act  is  essentially  a  reflet 
through  the  central  nervous  sj'stcm  is  shown  by  the  fact  thftt 
section  of  the  nervi  erigentea  or  of  the  posterior  roots  of  th« 
sacral  spinal  nerves  abohshes  the  act  and  leads  to  a  distentioDof 
the  bladder.  As  far  as  exjjeriments  have  gone  they  indicnt*  thai 
the  motor  path  for  this  reflex  lies  through  the  nervi  erigentes  or 
pelvic  nerves,  while  the  afferent  paths  enter  the  cord  in  the  pofr 
tOTor  roots  of  the  sacral  spinal  nerves,  coming  through  the  prfvic 
or  the  fjelvic  and  pudic  nerves.  The  h^-pogastric  nerve  apparently 
does  not  enter  into  the  reflex,  but  its  inhibitory  influence  upon  the 
bladder  may,  by  relaxing  the  tone  of  the  musculature,  provide  i 
mechanism  for  holding  larger  quantities  of  urine.  So  far  as  ibf 
bladder  is  concerned  there  is  evidence  that  the  h>'poga8trit**  and 
fH*Ivic  nerves  are  constantly  in  tonic  action^  one  tending  to  rflai 
and  the  other  to  increase  the  tonicity  of  the  bladder  mus^'ulaturr. 
fonning  thus  balanceil  antagoQists.  An  interesting  feature  of  the 
reflex  is  the  part  taken  by  the  internal  sphincter.  During  Ibf 
filling  of  the  bladder  this  sphincter  is  in  tone,  at  the  timeof  wnpty* 
ing  its  tone  presumably  is  inhibited  as  a  part  of  the  reflex  wi. 
Experiments  indicate  that  slinmlation  of  the  pudic  ntT\'e  c»us3 
contraction  of  the  sphincter,  while  stimulation  of  the  pehic  nern; 
causes  relaxation.  It  is  possible,  therefore,  that  in  reflex  mic- 
turition the  pelvic  nerves  carry  the  motor  impulses  tliat  cause 
contraction  of  the  bladder  musculature  and,  at  the  sanic  limf, 
through  other  fibers,  inhibitory  impulses  that  relax  the  sphincter. 
The  mechanism  is.  however,  complex  and  needs  further  invwtip* 
tion.t 

Excretory  Functions  of  the  Skin. — The  physiological  activi- 
ties of  the  skin  are  varied.  It  forms,  in  the  first  place,  a  BO»Ktf 
surface  covering  the  body,  and  interposed,  as  it  were,  between  the 
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external  world  and  the  inner  mechanism.  Nen'e  fibers  of  pressure, 
temjxrature,  and  pain  are  distributed  over  its  surface,  and  by  means 
of  these  fibers  reflexes  of  various  kinds  are  effecteil  which  keep  the 
body  adapted  to  changes  in  it«  environment.  The  physiology  of 
the  skin  from  this  standpoint  is  discussed  in  the  section  on  special 
senses.  Again,  the  skin  plays  a  part  of  immense  value  to  the  body 
in  regulating  the  body  temperature.  This  regulation,  which  is 
effected  by  variations  in  the  blood  supply  or  the  sweat  secretion, 
is  descril>ed  at  appropriate  places  in  the  sections  on  Nutrition  and 
Circulation.  In  the  female,  during  the  pxrioiJ  of  lactation,  the  mam- 
mary' glands,  which  must  be  reckoneti  among  the  oi^gans  of  the 
skin,  form  an  imptirtant  secretion,  the  milk;  the  physiolog>'  of  this 
gland  is  referred  to  in  the  section  on  Reproduction.  In  this  section 
we  are  concerned  with  the  physiolog}^  of  the  skin  from  a  different 
standpointt — namely,  as  an  excretor>'  organ,  llie  excretions  of 
the  skin  are  formed  in  the  sweat-glands  and  the  sebaceous  glands. 

Sweat. — The  sweat  or  peraj)iration  is  a  secretion  of  the  sweat 
glands.  These  latter  structures  are  found  over  the  entire  cutaneous 
surface  except  in  tlie  deej^er  [wrtions  of  the  external  autlitor>'  meatuSi 
the  prepuce,  ami  the  glans  penis.  They  are  particularly  abundant 
upon  the  palms  of  the  hands  and  the  soles  of  the  feet.  Krause 
estimates  that  their  t^tal  niunber  for  the  whole  cutaneous  surface 
is  about  two  millions.  In  man  they  are  formed  on  the  type  of 
simple  tubular  glands;  the  terminal  portion  contains  the  secretory 
celts,  and  at  this  part  the  tube  is  usually  coiled  to  make  a  more  or 
less  compact  knot^  thus  increasing  the  extent  of  the  secreting  sur- 
face. The  larger  tlucts  have  a  thin,  muscular  coat  of  involimtarj' 
tissue  that  may  possibly  be  concerned  in  the  ejection  of  the  secre- 
tion. The  secretory  cells  in  the  tenninal  portion  are  columnar  in 
shape,  possess  a  granular  cytoi^lasm,  and  are  arrangetl  in  a  single 
layer,  llie  amoimt  of  secretion  f<jrmed  by  these  glands  varies 
greatly,  being  influenced  by  the  condition  of  the  atmosphere  as  it- 
gards  temi>erature  and  moisture^  as  well  as  by  various  physical  and 
psychical  states,  such  as  exercise  and  emotions.  The  average  quan- 
tity for  twenty -four  hours  is  said  to  var>'  between  7()0  and  900  gms., 
although  this  amount  may  lae  doubled  under  certahi  conditions. 

According  to  an  interesting  jxiper  by  ychierbeck,*  the  average 
quantity  of  sweat  in  twenty-four  hours  may  amount  to  2  to  3  liters 
in  a  person  clothed,  and  therefore  ^-ith  an  average  temperature 
of  32°  C.  surrounding  the  skin.  This  author  states  that  the  amount 
of  sweat  given  off  from  the  skin  in  the  form  of  insensible  perspira- 
tion increases  proportionately  with  the  tcnipeniturc  until  a  certain 
critical  point  is  reached  (about  33°  C.  in  the  pi-rson  investigated), 
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when  there  is  a  marked  increase  in  the  water  eliminated,  the  t 
crease  being  simultaneous  ^\'ith  the  formation  of  \-isible  s\\-eat.  At 
the  Baine  time  there  is  a  sudcien  increase  in  the  CX),  eliminaloi  froa 
the  skin.  It  Ls  j>ossible  thai  the  sudden  increase  in  CY),  is  am  io- 
dication  of  greater  metabuliani  in  the  sweat  glands  in  conMction 
with  the  foniiatiou  of  visible  sweat. 

ComposUimi  of  the  Secretion. — The  precise  chemical  compoaitMi 
of  sweat  is  difficult  to  detemune,  owing  to  the  fact  that  as  uady 
obtained  it  is  liable  to  be  mixed  witli  the  sebi\ceous  secretion.  Nor- 
maliy  it  is  a  very  tliin  secretion  of  low  specific  gra%ity  (1.0041  trkl 
an  alkaline  reaction,  although  w]>en  first  secreted  the  reaction  nuy 
be  acid  owing  to  admixture  %vith  the  sebaceous  material.  Thu 
larger  part  of  the  inorganic  salts  consists  of  sodium  chlorid.  Small 
quantities  of  the  alkaline  sulphates  and  phosphates  are  also  pl9' 
ent.  The  organic  constituents,  though  present  in  mere  traces,  uc 
quit*  varied  in  niimhen  Urea,  uric  acid,  creatinin,  aromatic  orr- 
acifls,  ethereal  sulpliates  of  phenol  and  skatol.  serin  (oxyamiaopfo- 
pionic  acid),  and  albumin,  arc  said  to  occur  when  the  sweatioj^is 
profuse.  Argutinsky  has  shown  that  after  the  action  of  v»pur 
baths,  and  as  the  result  of  muscular  work,  the  amount  of  urei 
eliminated  in  this  secretion  may  he  considerable.  Under  pathfv 
logical  conditions  Involving  a  diminished  elimination  of  ureathrou(J 
the  kidneys  it  has  been  observetl  that  the  amount  found  in  the 
sweat  is  markedly  increased,  so  that  crystals  of  it  may  be  deposited 
upon  the  skin.  Under  perfectly  normal  conditions,  however,  il 
is  obvious  that  the  organic  constituents  are  of  minor  importano. 
The  main  fact  to  be  considered  in  the  secretion  of  sweat  is  the  form- 
ation of  water. 

Secretory  Fibers  to  the  Sweat  Glands. — Definite  experiroenul 
proof  of  the  existence  of  sweat  ner^*es  was  first  obtained  by  Gohi* 
in  some  experiments  upon  stimulation  of  the  sciatic  nen'e  in  catt 
In  the  cat  and  dog,  in  which  sweat  glands  occur  on  the  balls 
feet,  the  presence  of  sweat  nen'es  may  be  demonstrated  with 
ease.  Electrical  stimulation  of  the  peripheral  end  of  the  divided 
sciatic  nerve,  if  sufficiently  strong,  will  cause  visible  drops  of  swell 
to  form  on  the  hairless  skin  of  the  balb  of  the  feet.  When  ita 
electnxies  are  kept  at  the  same  spot  on  the  nen'e  and  the 
tion  is  maintained  the  secretion  soon  ceases;  but  this  effect 
to  be  due  to  a  temporary'  injury  of  some  kind  to  the  uerve  fibw 
at  the  point  of  stimulation,  and  not  to  a  genuine  fatigtie  of  the 
sweat  glands  or  the  sweat  fibers,  since  moving  the  electrodes  to » 
new  point  on  the  nen'e  farther  toward  the  periphery  calls  forth  a 
new  secretion.  The  secretion  so  formed  is  thin  and  limpid,  and  hw 
a  marked  alkaline  reaction.    The  anatonucal  course  of  these  fiU-rs 
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has  been  worked  out  in  the  cat  with  great  care  by  Langlry.*     He 
finds  that  for  tlie  hind  feet  they  leave  the  spinal  cord  cJiiefly  in  the 

■  first  and  second  lunibar  nerves,  ent^r  the  sympathetic  chain,  and 
emerge  irom  this  as  postganglionic  fibers  in  the  jrray  rami  which 
pass  from  the  sixth  lumbar  to  the  second  sacral  ganglion,  but  chiefly 
in  the  seventh  liunlsar  and  first  sacral,  and  then  join  the  nerves  of 
the  sciatic  plexus.  For  the  forefeet  the  fibers  leave  the  spinal  cord 
in  the  fourth  to  the  tenth  thoracic  nerves,  enter  the  sympathetic 
chain,  pass  upward  to  the  first  thoracic  ganglion,  whence  they  are 
continued  as  postganglionic  fibers  that  pass  out  of  this  ganglion  by 
the  gray  rami  communicating  with  the  nerves  forming  the  brachial 
plexus.  The  action  of  the  nerve  fibers  upon  the  sweat  glands  can 
not  be  explained  as  an  indirect  effect, — for  instance,  as  a  result  of 
a  variation  in  the  blood-flow.  Experiments  have  repeatedly  shown 
that,  in  the  cat,  stimulation  of  the  sciatic  still  calls  forth  a  secre- 
tion after  the  blood  has  been  shut  off  from  the  leg  by  ligation  of 
the  aorta,  or  indeed  after  the  leg  has  been  amputated  for  as  long 
as  twenty  minutes.  So  in  human  beings  it  ie  known  that  profuse 
sweating  may  often  accompany  a  pallid  skin,  as  in  terror  or 
nausea,  while,  on  the  other  hand,  the  flushed  skin  of  fever  is  char- 
acterized by  the  absence  of  perspiration.  There  seems  to  be  no 
doubt  that  the  sweat  nerves  are  genuine  secretory  fibers,  causing 
a  secretion  in  consequence  of  a  direct  action  on  the  cells  of  the  sweat 
glands.  In  accortianee  with  this  physiological  fact  histological 
work  has  demonstratetl  that  special  nerve  fii^ers  are  supplied  to 
the  glandular  epithelium.  Acconling  to  Arnstein,  the  terminal 
fibers  form  a  small,  branching,  varicose  ending  in  contact  with  the 
epithelial  cells.  The  sweat  gland  may  Ije  jnade  to  secrete  in  many 
ways  other  than  hv  direct  artificial  excitation  of  the  eweat  fiberSi — 
for  example,  by  external  heat,  dyspnea,  muscular  exercise,  strong 
emotions,  and  by  the  action  of  various  drugs,  such  as  pilocarpin, 
muscarin,  strychnin,  nicotin,  pierotoxin,  and  phys<jatigmin.  In  all 
such  cases  the  effect  is  supposed  to  result  from  an  action  on  the 

■  sweat  fibers,  either  directly  on  their  terminations  or  indirectly  upon 

■  their  cells  of  origin  in  the  central  nervous  system.  In  ordinary 
life  the  usual  cause  of  profuse  sweating  is  a  high  external  temper- 
ature or  muscular  exercise.  With  regard  to  the  former  it  is  known 
that  the  high  temperature  does  not  excite  the  sweat  glands  im- 
mediately, but  thnjugh  the  intenentiou  of  the  central  ner\'oiis 
system.  If  the  nerves  going  to  a  limb  be  cut,  exposure  of  that 
limb  to  a  high  temperature  docs  not  cause  a  secretion,  showing 
that  the  temperature  change  alone  is  not  sufficient  to  excite  the 
gland  or  its  terminal  nerv^e  fibers.  We  must  suppose,  therefore, 
that  the  high  temperature  acts  upon  the  sensory  cutaneous  nerves, 

♦  "Journal  of  Physiology,"  12,  347,  18«1. 
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possibly  the  heat  fibers,  and  refiexly  stimulates  the  sweftt  fiberx 
Although  exti^mai  temperature  does  not  directh'  excite  the  glands, 
it  ahouhl  l>e  stated  that  it  affects  their  irritability  dtiier  by  direct 
action  on  the  gland  cells  or  upon  the  terminal  ner\^e  fibcre.  At  a 
suHiciently  low  temperature  the  cat's  paw  does  not  secret*  At  all, 
and  the  irritability  of  Uie  glands  is  increased  by  a  rise  of  temper- 
ature up  to  about  45°  C. 

Dyspnea,  muscular  exercise,  emotions,  and  many  drugs  affect 
the  secretion,  probably  by  action  on  the  nerve  centers.  I^ocarpin, 
on  the  contrary,  is  supposed  to  stimulate  the  endings  of  the  nerv<> 
fibers  in  the  glands,  while  atropin  has  the  opposite  effect,  com- 
pletely paralyzing  the  secretory  fibers. 

Sweat  Centers  in  the  Central  Nervous  System. — The  fact  tiiat 
secretion  of  sweat  may  be  occasioned  by  stinudation  of  afferent 
nerves  or  by  diret^t  action  ujwn  the  central  ner\'ous  8>'Bteni,  u  in 
the  case  of  dyspnea,  implies  the  existence  of  physiological  ccotm 
controlling  the  secretory'  fibers,  llie  precise  loc-ation  of  the  sweat 
center  or  centers  has  not,  however,  been  satisfactorily  deternunei 
Histologically  and  anatomically  the  arrangement  of  the  sweat 
fibers  resembles  that  of  the  vasoconstrictor  fibers,  and,  reaaooing 
from  analogy,  one  might  suppose  the  existence  of  a  genenJ  sweat 
center  in  the  medulla  comparable  to  the  vasoconstrictor  center, 
but  positive  evidence  of  the  existence  of  such  an  arrangenieat  ij 
lacking.  It  has  l>een  shown  that  when  the  medulla  is  sepanteJ 
from  the  cord  by  a  section  in  the  cen'ical  or  thoracic  region  the 
action  of  dyspnea,  or  of  various  sudorific  drugs  supposed  to  act  on 
the  central  nervous  system,  may  still  cause  a  secretion.  On  ibe 
evidence  of  itisults  of  this  character  it  is  assumed  that  there  are  spinal 
sweat  centers;  but  whether  these  are  few  in  number  or  represent 
simply  the  various  nuclei  of  origin  of  the  fibers  to  diffeienl  regions 
is  not  definitely  known.  It  is  possible  that  in  addition  to  tbflK 
spinal  centers  there  is  a  geuend  regulating  center  in  the  luwJuDi 

Sebaceous  Secretion. — The  sebaceous  glands  are  simple  or 
compound  alveolar  glands  found  over  the  cutaneous  surface,  iisuaDj 
in  association  with  the  hairs,  although  in  some  cases  they  occur 
separately,  as,  for  instance,  on  the  prepuce  and  glans  j)eniB,  a»l 
on  the  lips.  When  they  occur  with  the  hairs  the  short  duct  opai 
into  the  hair  follicle,  so  that  the  secretion  is  passed  out  upon  thi 
hair  near  the  point  at  which  it  projects  from  the  skin.  The  alveoli  aie 
filled  with  cuboidal  or  polygonal  epithelial  cells,  which  are  anugod 
in  .several  layers.  Those  nearest  the  lumen  of  the  gland  are  filled 
with  fatty  material.  These  cells  are  supposed  to  be  cast  off  bodily, 
their  drtriUia  going  to  form  the  secretion.  New  cells  are  formed 
from  the  layer  nearest  the  basement  membrane,  and  thus  the  j;lands 
continue  to  produce  a  slow  but  continuous  secretion.  The  aebaoeoOi 
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secreUon,  or  sebujn,  is  an  oily,  semiliquid  material  that  sets,  ujwn 
exposure  to  the  air,  to  a  checsj-  mass,  as  is  seen  in  the  comedones 
or  pimples  which  so  frequently  occur  upon  the  skin  from  occlusion 
of  the  opening  of  the  ducts.  The  exact  composition  of  t!ie  secretion 
is  not  known.  It  contains  fats  and  soai>s,  some  cholesterin,  albu- 
minous material  (part  of  which  is  a  nucleo-albiunin  often  described 
M  a  casein),  remnants  of  epithelial  cells,  aiid  inorganic  salts.  The 
cholesterin  occurs  in  combination  with  a  fatty  acid,  and  is  found  in 
especially  large  quantities  in  sheep's  wool,  from  which  it  is  extracted 
azid  used  commercially  under  the  name  of  lanoUn.  The  sebaceous 
aecretioD  from  dififerent  places,  or  in  different  animals,  is  probably 
somewhat  variable  in  composition  as  well  as  in  quantity.  The 
secretion  of  the  prepuce  is  known  as  the  smegma  prirp^Uii;  that  of 
the  external  axiditory  meatus,  mixed  with  the  secretion  of  the  neigh- 
boring sweat  glantls  or  ceniminous  glands,  fnniis  the  well-knoiiNTi 
e&rwax  or  cenimen.  The  secretion  in  this  place  contains  a  recidish 
pigment  of  a  bitterish-sweet  taste,  the  c'oiii|josition  of  which  has 
not  been  investigated.  Upon  the  skin  of  the  newly  bom  the  se- 
baceous material  is  accumulatc^l  to  form  the  vemix  aiseosa.  The 
well-known  uropygal  gland  of  birds  is  homologous  with  the  mam- 
malian se)>aceous  glands,  and  its  secretion  has  Ijeen  obtained  in 
sufficient  quantities  for  chemical  analysis.  Physiologically  it  is 
believed  that  the  sebaceous  secretion  affords  a  protection  to  the 
akin  and  hairs.  Its  oiiy  chamcter  doubtless  ser\'es  to  protect  the 
hairs  frrvm  becoming  too  brittle,  or,  on  the  other  hai^d,from  being 
too  easily  saturated  with  external  moisture.  In  this  way  it  prob- 
ably aids  in  making  the  hairy  coat  a  more  perfect  protection  against 
the  effect  of  external  changes  of  temperature.  Upon  the  surface  of 
the  skin,  also,  it  forms  a  thin,  protective  layer  that  tends  to  prevent 
undue  loss  of  heat  from  evaporation  of  the  sweat  and  possibly  is 
important  in  other  ways  in  maintaining  the  physiological  integrity 
of  the  external  surface. 

Excretion  of  CO,.  -  In  some  of  the  lower  aninials — the  frog, 
for  example — the  skin  takes  an  important  part,  in  the  respiratory 
exchanges,  eliminating  00,  and  absorbing  O.  In  man,  and  pre- 
gumably  in  the  nxammalia  generally,  it  has  lieen  ascertained  that 
changes  of  this  kind  are  ver>'  slight.  Estimates  of  the  amount  of 
CO,  given  off  from  the  skin  of  man  during  twenty-four  hours  vary 
greatly,  but  the  amount  is  small,  a}x)ut  7  to  8  gms.  in  twenty-four 
hours,  unless  there  is  marked  sweating,  in  which  case  the  amount  is 
DOticeably  increased. 
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CHAPTER  XLVI. 

SECREHON   OF  THE   DUCTLESS   GLANDS-INTERNAL 

SECREHON. 

The  term  "internal  secretion"  is  used  to  designate  thoee  secre- 
tions of  glandular  tissues  which,  instead  of  being  carried  off  to  the 
exterior  by  a  duct,  are  eliminated  in  the  blood  or  l>Tnph.  The  ida 
that  secretory  products  may  be  given  ofiF  in  this  way  has  long  been 
held  in  reference  to  the  ductless  glands,  such  as  the  thyroid,  pitui- 
tar>'  body,  etc.,  the  absence  of  a  duct  suggesting  naturally  such  a 
possibility.  The  term,  however,  seems  to  have  been  empIo\-ed 
first  by  Claude  Bernard,  who  emphasized  the  distinction  between 
the  ordinary  secretions,  or  external  secretions,  and  this  group  of 
internal  secretions.  Modem  interest  in  the  latter  is  due  largely  to 
work  done  by  Brown-S^quard  (1889)  upon  testicular  extracts,  woA 
which  itself  was  of  doubtful  value.  This  author  was  led  to  amplify 
the  conception  of  an  internal  secretion  by  the  assiunption  that  all 
tissues  give  off  a  something  to  the  blood  which  is  characteristic, 
and  is  of  importance  in  general  nutrition.  This  idea  led  in  turn  to 
a  revival  of  some  old  notions  regarding  the  treatment  of  diseases 
of  the  different  organs  by  extracts  of  the  corresponding  tissue, 
a  therapeutical  method  usually  designated  as  opotherapy.  Brown- 
S^quard's  extension  of  the  idea  of  internal  secretion  has  not  been 
justified  by  subsequent  work,  and  to-day  we  must  limit  the  term 
to  tissues  that  have  a  glandular  structure.  Experience  has  shown, 
that  not  only  the  ductless  glands,  but  some  at  least  of  the  t}T)ical 
glands  provided  with  ducts  may  give  rise  to  internal  secretions. 
the  pancreas,  for  example.  The  work  done  since  1889  has  demon- 
strated fully  that  some,  perhaps  all,  of  the  the  ductless  glands  play 
a  r6le  of  the  very  greatest  importance  in  general  nutrition.  They 
yield  internal  secretions  of  one  kind  or  another,  and  modem  inve:*- 
tigations  have  demonstrated  that  there  is  a  complicated  interrela- 
tion among  the  secretions  as  regards  their  action  on  body  metabo- 
lism. In  view  of  these  facts,  the  entire  group  of  ductless  glands  or  of 
glands  furnishing  definite  internal  secretions  is  sometimes  united 
under  the  designation  of  the  endocrin  system  {endon,  within,  krino, 
I  separate).  The  conception  that  certain  glandular  organs  may 
give  rise  to  chemical  products  which  on  entering  the  circulation 
influence  the  activity  of  one  or  more  other  organs  has  recently 
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found  a  fruitful  application  in  the  study  of  the  digestive  secretions. 
The  gastric  and  pant-reatie  secretins  may  be  regarded  as  examples 
of  internal  secretions.  Chemical  products  of  this  kind  which 
stimulate  the  activity  of  special  organs  StarUng  designates  as 
homio?i€s*  From  this  point  of  view  the  active  substances  formed 
in  the  thyroids,  adrenal  glands,  etc.,  may  all  l>e  classified  as  specific 
hormones.  Starling  suggests  that  this  means  of  ctKinlinating  the 
activities  of  the  various  parts  of  a  complex  organism  nia^'  be 
regarded  as  the  most  primitive,  while  the  iTetter-known  coordina- 
tion through  the  medium  of  a  nen'ous  system  is  of  later  develop- 
ment. In  the  mammalian  body  both  methods,  as  we  have  seen, 
are  employed. 

Schafer  culls  alteulion  to  thf  fact  that  some  huniioiies  inhibit  functional 
activity  whili^  oUiers  net  ha  a  chemical  stimulant.  The  torni  "hormone" 
{hormao,  I  excite),  etyniologically  consideroti,  is  not  ajinlionblo  to  tho  fi>rm*?r 
class.  HeHuggest^*,  therefore,  the  general  term  "autjiw>i(l  substiuices"  for  both 
groups  to  inUictite  their  drug-like  action  (nco»,  a  remedy),  antl  subdivides 
them  into  two  group»  according  as  they  stittiulate  or  inhibit. 


Autacoid.ubstan.c«{g— — ;SS 


action. 


Liver. — We  do  not  usually  regard  the  liver  as  furnishing  an 
internal  secretion.  As  a  matter  of  fact,  it  does  form  two  products 
within  its  cells — glycogen  (sugar)  and  urea^ — which  are  subsequently 
given  off  to  the  blood  for  purposes  of  general  nutrition  or  for  elim- 
ination. The  processes  in  this  case  fall  under  the  general  liefini- 
tjon  of  internal  seeretion,  and,  in  fact,  may  be  used  to  illustrate 
speeificatly  the  meaning  of  this  term.  The  history  of  glycogen  and 
urea  has  been  considered. 

Internal  Secretion  of  the  Thyroid  Tissues. — The  most  un- 
portiint  and  Lleiinite  outcome  of  the  work  on  internal  secretions  has 
been  obtained  with  the  thyroids.  Recent  experimental  work  on 
this  organ  make5  it  necessar>'  for  us  now  to  distinguish  bt^lween  the 
thyrad  and  the  parathyroid  tissues.  The  thyroids  proper  form 
two  oval  bodies  lying  on  the  sides  of  the  tnichea  at  it^s  junction  with 
the  larynx.  They  have  no  ducts,  and  are  composed  of  vesicles  of 
different  siyes^  which  are  lined  by  a  single  layer  of  culaoidal  epithe- 
luim  and  contain  in  their  interior  a  material  known  as  coUoid.  A 
number  of  histoiogists  have  traced  the  fonnation  of  tliis  colloid  to 
the  lining  ejjithelial  cells,  and  have  stated,  moreover,  that  the  vesicles 
finally  rupture  and  discharge  the  colloid  into  the  surrountiing  lym- 
phatic spaces.  AccesHory  thyroids  var>'ing  in  sixe  and  number  may 
be  found  along  the  tm<'hea  as  far  ilown  as  the  begirt.  They  ]>oasess 
a  vesicular  structure  and  no  doubt  have  a  function  similar  t4->  that 
of  the  thyroid  body, 

•  For   Kencrul   cliscafwion,   consult   Starling,    "Recent   Advances   in   the 
Physiolngj'  <if  Digestion/'  Chicago,  IIKXV 
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The  parathyroids  are,  according  to  most  authoi's,  quit«  different 
structures.  Four  of  these  horlies  are  usually  dcscrilied.  two  on  each 
side,  and  their  positimia  vary  somewhat  in  diiTerent  animals  or, 
indeed,  in  different  indivi<luals.*  In  man  the  superior  (or  internal) 
parathyroids  are  found  upon  the  posterior  surface  of  the  th>Toid, 
at  the  level  of  the  junction  of  its  upper  with  its  middle  third.  They 
may  be  imbeihled  in  the  thyroid  tissue.  The  inferior  for  external) 
parathyroids  lie  near  the  lower  margin  of  the  thyroid  on  its  poster- 
ior surface  and  in  some  cases  lower  down  on  the  sides  of  the  trachea. 
The  tissue  has  a  structure  quite  different  from  that  of  the  thy- 
roids, being  composed  of  solid  masses  or  columns  of  epithelial 
cells  which  are  not  arrangeil  in  vesicles  and  contain  no  colloid. 

Extirpation  of  the  Thyroids  and  Parathyroids. — In  1856 
Schiff  showed  that  extirjiation  of  the  thyroids  (complete  thxToi- 
dectomy)  in  dogs  is  followed  usually  by  ihc  death  of  theanijiml  in 
one  to  four  weeks.  The  anijnal  exhibits  certain  characteristic  symp- 
toms, such  as  muscular  tremors,  w^hich  may  pass  into  convulsions, 
cachexia,  emaciation,  and  a  condition  of  apathy.  This  result  waa 
coniinnetl  i»y  subsetjiient  observers,  but  many  exceptions  were  noted. 
Great  interest  was  shown  in  these  result*s,  because  on  the  surgical 
side  reports  were  3uade  showing  that  after  complete  removal  of  the 
thyroids  in  eases  of  goiter  evil  consequences  might  ensue,  either 
acut«  convulsive  attacks  or  chronic  malnutrition.  On  the  other 
hand,  it  l>ecame  known  that  atrophy  of  the  thyroids  in  the  young 
is  responsible  for  the  condition  of  arrested  growth  and  deficient 
mental  development  designated  as  cretinism,  and  in  the  adult  the 
same  cause  gives  rise  to  the  peculiar  disease  of  myxedema,  character- 
ized by  distressing  mental  deterioration,  an  edematous  condition 
of  the  skin,  loss  of  hair,  etc.  .Schiff  and  others  found  that  the  evil 
results  of  complete  thyroidectomy  in  dogs  might  be  ob\nat'ed  by 
grafting  pieces  of  the  thyroid  in  the  body,  and  this  knowledge  was 
quickly  applied  to  human  beings  in  cases  of  niyxedema  and  cretinism 
with  astonishingly  successful  results.  Instead  of  grafting  thyroid 
tissue  it  was  found,  in  fact,  that  injection  of  extracts  under  the 
skin  or  better  still  simple  feetllng  of  thyroid  material  gave  similar 
favorable  results:  the  individuals  recovered  their  nonnal  appear- 
ance and  mental  powers.!  It  is  stated  that  in  cases  of  m^Tcedema 
the  patient  may  be  kept  in  perfect  health  by  the  administration  of  a 

•  Thompson,  '* Philosophical  Traiisuclionti,  Iloy.  Soc.,"  London,  B.  201, 
91.  1910. 

t  For  a  general  account  of  the  development  of  the  subject  and  the  Uter- 
ature  »c*  "Tranwictiona  of  the  Congreas  of  American  Physicians  and  Sur- 
Keonb"  (Howell,  Chittenden,  Adaini,  Putnttin,  Kinnicutt,  Osier),  1897;  Jean- 
aelizi%  "InaufliHance  thyroHlicnne  et  paratbyroidiennp."  Nancy.  1902;  Vincent* 
'^Internal  Secretionn,"  etc.,  Lancet,  Aug.  U  and  18.  1906;  also  *'Ersrbiiiawd9 
Physiologic,"  11,  1911;  Biedl,  *'Iancre  Sekretion,'' Berlin,  1913. 


SECRETION   OP  THE   DUCTLESS   GLANDS. 

0  to  130 mgm.  every  three  or  four  days.  Later  Baumann* 
g  in  isolating  from  the  glands  a  substance  designated  as 
iodoihyrin  or  Ihyroiodin,  whieh  shows  in  large  meiisurcthc  heneficial 
influence  exert^i  by  thyroid  extracts  in  cases  of  myxedema  and 
parenchjTnatous  goiter.  Tins  substivnce  is  characterizeii  by  con- 
taining a  large  amount  of  iodin  (9.3  per  cent,  of  the  dry  weight). 
It  is  contained  in  the  ghmd  in  combination  with  protein  bodies, 
from  which  it  may  be  separate^l  by  dige>ftion  with  gastric  juice  or 
by  boiling  with  acids. 

The  Function  of  the  Parathyroids. — Most  of  the  results  des- 
cribed above  were  obtained  before  the  existence  of  the  parathy- 
roids was  recognize<l.     Early  in  the  history  of  the  subject  it  was 
recognized  that  complete  removal  of  the  thjToids  propcT  in  herliiv- 
orous  animals   (rat-s,  ratibits)   is  iu>t  attended   Uy  a  falid  result, 
Gley  and  others,  however,  proved  that  if  the  parathyroid^!  also  are 
removed  these  animals  tlie  with  the  symptoms  describeil  in  the 
GAoe  of  dogs,  cats,  and  other  carnivonmw  animals.      ThLs  result 
attracted  attention  to  the  parathynnds.      Numerous  ex|)eriment3 
l>y  Moussu,  Oley,  Vassaleand  frenenile,  anci   others    have  seemed 
to    show   a    marked    difference   between    the   results    of  thyroi- 
dectomy and  parathyroidectomy.    When  the  parathyroids  alone  are 
removed  the  anhtiai  dies  f]uickly  with  acute  symptoms,  muscular 
convulsions  (tetany),  etc.;    when  the  thyroids  alone  are  removed 
the  animal  may  survive  for  a  long  period,  but  develops  a  condition 
of  chronic  nialnutrition, — a  slowly  inrreasing  carhexia  which   may 
exhibit  itself  in  a  condition  resembling  myxedema  in  man.     This 
distinction  has  been  generally  accepted,  ami  it  throws  much  light 
upon  the  discrepancy  in  the  results  obtained  by  some  of  the  earlier 
obeer\'er8.     Complete  th>'roidectomy  with  the  acutely  fatal  results 
usually  describefi  includes  those  cases  in  which  both  thyroids  and 
parathyroids  were  removed,  wliile  |)rol>ably  man\'  of  the  apparently 
negative    results  obtained  after  excision  of   the  th3'nnd.s  are  expli- 
cable on  the  suppof«ition  that  one  or  more  of  the  parathyroids  were 
left  in  the  animaL     It  should  l>e  stated,  however,  that  two  recent 
observers,  Vincent  and  Jolly,  as  the  result  of  numerous  experi- 
ments made  upon  different  varieties  of  animals,  throw  some  doubt 
upon  these  conclusions.     They  contend  that  in  herbivorous  aninmis 
fully  half  of  those  o})eratetl  ujx>n  survive  complete  removal  of  all 
thyroid  tissue,  showing  no  evil  symptoms  axcept   perhaps  a  di- 
minished resistance  to  infc^ction.  Carnivorous  animals,  im  the  con- 
trary', usually  die  after  such  an  operation-t    In  spite  of  such  con- 
tradictory results  in  the  handw  of  some  observers  the  general  opinion 

•  "Zeitachrift  f.  physiolog.  Chomie."  21.  rilO,  and  4Sl.  1H96. 
t  See  also  Halpenny   in   '^iiurgery,  Gynecology,  and  Ubstetrics,"  May, 
1910. 


870 


PHT8IOLOOT  OF  DIOB8TI0N    AND   8BCRIBT10N. 


prevails  that  (■omi)lt'tc  removal  of  tht*  parathjTOuls  is  f*»Ilow*^l  U 
a(mtely  toxic  results  which  develop  rapidly,  and  the  most  commod 
symptom  of  whieh  is  muscular  tetany.  This  tetany  exhihiu 
itself  as  fibrillar  contractions  of  the  muscles,  a  general  muscular 
tremor,  t^)nic  and  clonic  spasms  of  the  nmscles  or  "  "mtentioti 
spasms/'  that  Ls,  spasmodic  or  uncoordinated  contractiuas  foUov 
ing  upon  an  effort,  to  make  a  voluntary  movement  *  A*  is  well 
known,  similar  sym|)tonis  are  (jften  observed  under  other  condi- 
tions, infantile  tetany,  gastro-intestinal  ti^tany.  etc.,  and  it  htt 
l>een  suggested  that  in  all  such  cases  the  initial  difficulty  m»y 
consist  in  the  insufficiency  of  active  parathyroid  tissue.  Several 
obser\'ers  have  reported  that  injections  of  extract  of  the  parathy- 
ruitls  cause  the  tetany  to  tHsappear  without,  however,  proti-diiig 
the  animal  from  a  fatji!  outcome.  Macnllum  and  \'o<'gtlint 
fuul  thiit  injection  or  ingestion  of  solutions  of  calcium  suits  retmivies 
completely  the  symptoms  of  tetany  and  restores  the  animal  to 
an  apparently  normal  condition.  They  have  obtained  fiimUar 
results  upnii  huuiun  beings  suffering  from  tetany'  as  a  nvjuhof 
unuilentioii;iI  removal  of  the  parathyroids.  The  exjK'rinicniiJ 
evidence  in  the  case  of  the  parathyroids  tends  to  suppi>rl  ibe 
view  that  their  function  couaists  in  neutralizing  in  some  «y 
toxic  substances  formed  elsewhere  in  the  body,  and  that,  therefore, 
after  removal  of  these  glamls  <leath  o<'curs  from  the  accumulatidn 
of  such  toxic  bodies  in  the  blood  and  tissues.  Thus  Macalltim 
stat4!S  that  in  animals  in  which  tetany  has  developed  as  a  cod«- 
queiice  of  extirpation  of  the  parathyroids,  bleeding  and  infusioo 
of  rsalt  solution  causes  the  tetany  to  disappear.  The  results 
quitted  above  in  regard  to  the  therapeutic  value  of  cidciura  salt* 
wiiuld  seem,  moreover,  to  connect  the  paratluToid  function  with 
tiie  calcium  nietabolisin  and  to  relate  the  development  nf  toxic 
substances  with  an  in^jufficiency  of  calcium,  but  at  present  no 
precise  statement  can  be  ma<le  in  regard  to  the  way  in  wliich 
these  bodies  perform  their  very  important  function.  The  vie* 
that  the  parathyroids  are  simply  immature  thyroid  tissue  i»  still 
suppf>rted  by  some  observers,  being  biised  chiefly  on  the  hi-** 
tologica!  finding  that  after  removal  of  the  thyroids  the  ptf*- 
thyroids  niay  h\'])t'rtrQphy  and  show  thyroid  cysts  contaiiuiig 
colloidal  material.  .Most  ol)servers,  however,  take  the  view 
outlined  above,  that  the  parathyroids  have  a  functi<»nal  sipiift* 
canre  essentially  different  from  that  of  the  thyroids,  and  thnitbc 
parathyroids  as  they  exist  in  the  lx>dy  are  not  simply  undevelopw 

•  For  literature  and  Summary,  see  Bing.  ''ZentmJblatl  f.  d.  Physiol-  u. 
Pathol,  d.  Stoffwech^U,"  IWW,  Soa.  1  and  2;  also  Biwil.  Lor.  cU. 

t  Macallum  and  Vocgtlin,  "Juhiu  Hopkins  Hospital  Bulletin,"  Mtf*» 
1908. 
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or  immature  thyroid  tissue.  At  the  same  time  it  is  becoming 
general!}''  recognized  thiit  iHfTerent  as  the  functions  of  these  two 
tissues  may  he,  they  are  in  some  way  correlattvl,  and  that  the 
removal  of  one  of  them  influences  the  activity  of  the  other. 

The  Function  of  the  Thyroid. — According  to  the  opttiion 
of  most  writers  on  the  subject,  removal  of  the  thyroitl  alone, 
leaving,  at  least,  the  externa!  parathyroids  uninjured,  is  fttllowed 
by  the  development  of  a  state  oi  chronic  mulnutrilion  wliich 
expresses  itself  finally  in  a  condition  of  cacliexia.  Following  a 
terminology  siMuetinies  used  in  me<Hcal  literature,  this  cachectic 
condition  may  be  designated  as  *^  cachexia  thyreopriva, '*  whereas 
the  convulsive  condition  or  tetan\%  formerly  also  described  as  a 
symptom  of  lo^s  of  the  thyroiil,  Is  due  rather  to  removal  of  the 
parathyroid,  and  may  be  characterized  as  "tetania  parath^^eo- 
priva."  No  adix^uate  explanation  has  been  furnished  of  the  in- 
fluence exercised  by  the  thyroid  on  the  nutrition  of  the  body,  It 
is  usually  assumed  that  the  thyroid  cells  form  an  internal  secretion 
containing  a  specific  liormone  which  acts  as  a  chemical  stimulus  t-o 
other  tissues,  causing  an  augmentation  of  their  metabolism. 
Some  justification  for  this  view  is  found  in  the  effect  of  feeding 
thyroid  tissue  to  normal  individuals.  The  result  in  such  cases  is  a 
marked  increase  in  the  excretion  of  nitrogen  and  an  augmentation 
of  the  oxidations  of  the  body,  as  shown  by  an  increase  in  the  output 
of  carbon  dioxid.  On  this  basis  the  tissue  has  been  administered 
(or  the  purpose  of  re<lucing  the  body  fat  in  cases  of  adiposity,  but 
the  tletuils  of  its  influence  on  the  tnetabolic  processes  are  for  the 
most  part  unknown,  and  when  used  beyond  certain  limits  it  may 
cause  heart  efTects  anti  other  ilisturbances  of  a  pathological  nature. 
In  the  condition  known  as  exophthahnic  goiter  there  is  evidence 
that  the  thyroids  are  hypertrophied,  and  some  of  the  symptoms  of 
this  disease  are  explicable  as  the  results  of  an  oversecretion  of  the 
active  homioue,  that  is  to  say,  there  is  a  condition  of  hyperthy- 
roidism. As  was  stated  above,  Bauniann  isolated  from  the  thyroid 
a  peculiar  substance,  iodothyrin,  which  is  characterized  chemically 
by  its  large  fiercentage  of  iodin,  and  physiologically  by  the  fact 
that  when  used  upon  patients  suffering  from  a  deficiency  in  func- 
tional activity  of  the  thyroid  (m>Tcedema,  goiter)  it  gives  beneficial 
results.  In  the  gland  this  iodothyrin  is  combined  with  protein  to 
fonn  a  thyreoglobulin  or  thyreoprotcin.  There  has  been  much 
discussion  regarding  the  iodin  constituent  of  the  thyroid  tissue. 
Extensive  observations  have  shown  that  in  some  entirel}*  healthy 
animals  iodin  is  absent  or  is  present  only  in  traces,  and  in  animals 
ic  which  it  is  present  the  amount  may  vary  greatly  with  the  char- 
acter of  the  food.     Hunt  gives  the  following  table: 
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Per  cent,  of  iodia. 

Cbildren's  thyroid none. 

Maltese  kid  lliyroid .^ none. 

Gtiinpa-ing  tliyroid .' 0.06 

Dog  thvroid 0.061 

Cat  thyroid 0.08 

Sheep  thyroid 0.176 

Beef  thymid 0.25 

Hog  thyroid 0.33 

Human  (Wells) 0.236 

Human  (goitre) 0.04 

Opinions  in  regard  to  the  significance  of  the  iodin  have  varied 
from  the  view,  on  the  one  hand,  that  it  is  an  essential  constituent 
of  the  physiologirally  active  substance  secreted  hy  the  gland,  to 
the  opposite  extreme  that  it  is  an  injurious  substance  which  is 
bound  and  made  innocuous  by  the  thyroid  cells.  The  balance 
of  evidence  seem.'*  to  favor  the  first  point  of  view,*  and  at  present 
we  may  conclude  that  tlic  iodin  in  some  way  inteiisific:^  the  activity 
of  the  internal  secretion  of  the  thyroid.  That  it  is  ab^^olutely 
neces.sary  to  this  activity  is  rendered  improbable  by  the  fact  that 
iodin-free  thyroids  appear  still  to  exercise  their  nomial  influence 
upon  metabolisiti,  but  adnuaistration  of  iodin  in  the  food  not 
only  raisei5  the  iodin  percentage  in  the  gland,  but  also  increases 
proportionately  the  physiological  activity  of  extracts  of  the  tissue. 
Experiments  show  also  that  the  known  effects  of  thyroid  extracts 
are  greater  in  the  iodin-rich  than  in  the  iodin-poor  glands. 

Thymus. — The  physio!og>'  of  the  thymus  gland  is  ver>'  obscure, 
in  fact,  nothing  that  is  definite  can  be  said  about  its  functions,  ex- 
cept perhaps  that  the  gland  is  concerned  in  some  way  with  the 
processes  of  growth.  It  is  assumed  that  it  fumishe-s  an  internal 
secretion^  and  that  in  early  life  at  least  this  secretiim  influences  in  an 
important  way  some  phases  of  tlie  body  metabolism.  Formerly, 
it  was  supposed  that  the  glund  R'aches  it-s  niiixiriium  size  at  birth 
and  afterward  undergoes  a  process  of  atrophy  or  invt^lution  so  that 
it  is  entirely  absent  in  adult  life.  More  careful  observations  indi- 
cate, on  the  contrary,  that  the  gland  retains  its  size  and  presumably 
its  full  activity  until  the  |ieriod  of  puberty.  Thenceforward  it 
does  undergo  a  gradual  atrophy,  hut  apparently  throuj^liout  life 
some  remnants  of  the  gland  tissue  jiersist  embedded  in  fat.  It 
appears  also  that  under  pathological  conditions  there  may  be  a 
persistence  of  more  of  this  tissue  than  is  nonnal,  or  there  may  be 
a  real  hypertrophy  together  with  an  overactivity,  a  condition 
which  might  be  designated  as  hjrperthyrausism.  It  is  recognized 
now  that  this  activity  may  Ix*  a  complicating  factor  in  exophlhal- 

•  For  discussion  and  literature,  consult  Hunt,  "Studies  on  Th^Toid," 
"Hygienic  Laborator>'  Bulletin,"  1909,  No.  47,  Washington,  D.  C;  and 
Hunt  and  Seidell,  "Journal  of  Pharmacology  and  Experimental  Therapeutics,*' 
2,  15,  1010. 
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mic  goiter  (Graves*  disease).    The  anatomical  facts  in  regard  to 
the  involution  of  the  gland  after  pulx^rty  justify  the  suggestion 
that  the  function  it  exercises  is  of  especial  importance  in  the  period 
precedinj^  the  maturation  of  the  sexual  glands,  but  that  in  poat- 
pubertal  life  it  continues  to  play  some  r61e,  although  of  subordinate 
inaportance.     Very  nmny  experiment's  have  been  made  to  deter- 
mine the  nature  of  the  function  of  this  tissue,  but  at  present  it  is 
.not   possible  to  interpret  the  results  in  a  satisfactory  manner.* 
Removal  of  the  gland  in  young  dogs  (Basch)  is  said  to  cause  a 
retarded  growth  of  the  bony  tissues  and  to  induce  a  condition  re- 
eenibling  rickets.     At  the  same  time  the  peripheral  nervous  sj's- 
tcm  shows  an  increased  excitability  as  determined  by  the  response 
Kyi  the  nerves  to  galvanic  stimulation.     Somewhat  similar  but  more 
extensive  exjieriments  have  been  report^xl  by  Klose  and  Vogt. 
"When  thymectomy  is  performed  on  quite  young  dogs  (10  days), 
very  serious  consequences  result,  ending  perhaps  in  a  condition  of 
coma  and  death.     These  results  develop  slowly:  there  is  first  a 
stage  of  increased  fat  formation  and  later  one  of  malnutrition  or 
cachexia    which    manifests   itself   strikingly    in   an   atrophic   and 
undeveloped  condition  of  the  bones,  although  there  is  besides  a 
general  asthenic  or  adynamic  condition  and  mental  deterioration. 
Injections  of  extract  of  the  gland  (Svehla)  cause  a  fall  of  blood- 
pressure  and  some  quickening  of  the  heart-beat,  but  these  effects 
are  not  specific.     Unlike  the  thyroid  and  parathyroid  glanfls,  the 
thymus  contains  no  iodin  (Mendel).     One  suggestion  made  regard- 
ing its  influence  is  that  there  is  some  sort  of  reciprocal  relationship 
between  it  and  the  reproductive  glands.     Castration  (Henderson) 
causes  a  persistent  growth  and  retanled  atrophy  of  the  thymus, 
while  removal  of  the  thymus  (Paton)  hastens  the  development  of 
the  testes.     Another  more  specific  hypothesis  is  the  one  advo- 
cated by  Klose  and  Vogt  in  the  work  referred  to  above,  namely, 
that  the  th>inuH  is  concerned  especially  in  the  processes  of  ayn- 
thesis  of  nucleic  acid. 

Gudernat^chf  finds  that  young  tadpoles  fed  upon  th>TTiua  gland 
are  stimulated  to  excessive  growth^  while  the  changes  of  meta- 
morphosis to  the  frog-stage  are  correspondingly  delayed.  When 
thyroid  gland  is  fed,  contrary  results  are  obtained.  Further 
growth  is  inhibite<i  and  the  changes  of  metamorphosis  are  acceler- 
ated»  so  that  dwarf  frogs  are  produced.    This  apparently  direct 

•Referencee:  Friwllcben,  "Die  Physiolopp  Hpr  Thyrnusdrtlse,"  1868: 
Verdun,  "D^rivfe  branchiuux  chox  les  vert^br<^,"  JK9K;  H<'ndor8fm,  'Moumal 
of  Physioltjgy,"  19<M,  xxxi.,  222;  Basch,  "JiUirhufh  f.  Kinderhoilkundp,'*  64. 
1906,  and  tt8,  imH;  IvJose  ami  VobI,  "Kliruk  u,  Biolojcie  d.  Tliyniu^druse/* 
Tubingen,  1910;  HaUt^l,  *'JnhnH  Hopkinn  Hospital  Bulletin/'  August,  1914j 
Hart.  ''Vircliow'a  Archiv/^  214.  1,  I9i:^ 

t  Gudcraalsch,  "Zentralblatt  flir  Phyaiologie,''  1912,  No.  7. 
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proof  that  the  th>Tiiu.s  is  connected  with  growth  falls  in  very  well 
with  what  is  stated  above  in  rep;ard  to  the  importance  of  this 
orpan  during  the  prepuln-rtal  period. 

Adrenal  Bodies. — The  adrenal  hodios — <jr,  as  they  are  frequently 
callod  in  human  unatoray^  the  suprarenal  capsules — belong  to  the 
group  of  ductless  glands.  It  was  shown  first  by  Brown-S^quard 
fl856)  that  removal  of  these  bodies  is  followed  rapidly  by  death. 
This  result  has  been  confirmed  by  many  experimenters,  and  so  far 
as  the  observations  go  the  efTect  of  complete  removal  is  the  same 
in  all  animals.  The  fatal  effect  is  more  rapid  than  in  the  ease  of 
removal  of  the  thyroids,  death  following  the  operation  usually  in 
two  to  three  days,  or,  according  to  some  accounts,  within  a  few 
hours.  The  symptoms  preceding  death  are  great  prostration,  mus- 
cular weakness,  and  marked  diminution  in  vascular  tone.  These 
symptoms  resemble  those  occurring  in  Addison's  disease  in  man, — 
a  disease  which  clinical  evidence  has  shown  to  be  associate  with 
pathological  lesions  in  the  suprarenal  capsules.  Thes*»  older  ob- 
servations indicated  clearly  enough  that  the  adrenal  glands  are  of 
essential  im|K>rtance  to  the  life  of  the  organism,  but  the  tirst  indi- 
cation as  to  the  nature  of  its  activity  wa.s  funiished  by  the  dis- 
covery, made  by  Oliver  and  Schafer,*  of  the  RMuarkable  effects 
observed  when  an  extract  of  the  medulla  of  the  gland  is  injected 
into  the  circulation  of  a  living  anitnal.  Briefly  stated,  the  effect 
of  such  an  injection  is  a  pronounced  slowing  of  the  heart-Iieat 
together  with  a  rise  of  pressure.  The  slowing  of  the  heart-beat  is 
due  to  a  stimulation  of  the  cardio-inhibitory  center,  for  if  the 
vagi  are  cut  before  making  the  injection  this  result  drops  out; 
the  blood-pressure,  on  the  contrary,  not  being  restraine<l  by  the 
slowing  of  the  heart,  rises  rapidly  and  may  reach  an  extraordinary 
height.  The  explanation  of  the  effect  of  the  extracts  on  blood- 
presvsure  is  given  below. 

Since  effects  of  this  kind  were  not  obtained  from  extracts  of  the 
cortex  of  the  gland,  it  was  apparent  from  the.se  initial  experiments 
that  possibly  in  the  adrenal^  as  in  the  tliyroid  tissue,  there  are 
two  organs  or  tiasues  to  be  considered  whose  functions  may 
be  ver\'  different.  Subsequent  investigations  have  scrvetl  to 
strengthen  this  l>elief.  The  cortical  and  medullar>'  tissues  are 
separate  anatomically  from  each  other  in  some  of  the  fishes,  and  it 
has  l)een  proposed  to  spt*ak  of  the  cortical  tissue  as  the  interrenal 
system  and  of  the  medulla  as  the  atlrenal  or  the  chromaffin  sys- 
tem, but  for  our  purpose  it  will  be  simpler  to  state  brietly  the 
main  facts  that  have  been  obtained  under  the  headings  cortex 
and  medulla. 


I 


♦Oliver  and  Schafer,  "Journal  of  Physiology,"  18,  230,  1895. 
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Physiology  of  the  Medulla. — The  Active  Pj^hwiplCf  Epinephrine 

— Cheniii-al  investigMtioiis  of  the  substance  in  the  inoiIuUa  which 
causes  the  inhihitiaii  of  the  heart  \\u\\  tlie  ris(»  of  l>K)<Ki-pre,ssure 
have  been  ver>'  successful.  The  substance  has  l)een  pretmred  in 
pure  form,  its  chemical  structure  is  known,  and  it  has  l.>een  made 
synthetically  outside  tlie  body.*  The  credit  for  the  most  impor- 
tant initial  work  is  due  to  Abel,  while  the  final  isi»latioti  in  pure  form 
as  crvHtals  was  accomplished  by  Takamine  and  in<li*pendently  by 
Aldrich.  The  last-named  observer  tleleriiiined  the  correct  formula 
for  the  active  suljstance,  namely,  CsHisNO.i,  arid  later  workers 
(Stolz  and  Dakin)  succeeded  in  dcnionstratinp;  its  chemical  struc- 
ture as  a  dioxyphenyl — ethylol-methylaniin,  CVH.i(()H)2CH()H- 
CHaNHrH:^.  The  presence  of  the  oxyphenyl  ^roup  in  the  conw 
p4>und  would  suggest  that  in  the  body  it  is  probably  derived  from 
t>Tosin.  This  active  substance  is  designated  in  the  literature 
under  a  variety  of  names,  those  conmionly  used  beinp  epinephrin 
and  adrenrdin.  It  is  a  basic  ImhIv  which  gives  a  nvinibcr  of  char- 
acteristic color  reactions,  and  iu  alkaline  solutions  is  reatiily  oxi- 
dized to  a  substance  that  fails  to  exhibit  the  characteristic  epineph- 
rin reaction  on  heart-rate  and  blood-pressure. 

Distribution  of  the  Epinephrin.^ T/ic  Vhnminffiit  Titifrues. — As 
stated  above,  the  epinepfirin  occurs  in  the  adrenal  gland  in  the  cells 
of  the  medulla,  but  not  iu  tlu^se  of  the  cortex.  When  the  medullary 
cells  are  treated  with  chromatos  they  give  a  eharacteristie  yellow 
or  brown  reaction,  which  is  spoken  of  as  a  chromaffin  reaction  and 
has  l>een  used  to  locate  similar  cells  in  other  tissues.  It  would  seem 
that  cells  of  this  variety  may  be  founil  generally  or  frequently  in 
the  s>mipathetic  ganglia,  so  that  it  hns  l>een  suggested  that  primi- 
tively each  such  ganglion  contained  two  varieties  of  cells,  the  nerve 
cell  or  ganglion  cell  and  the  chromaffin  or  paraganplion  (Elliott) 
cell.  Clumps  or  strings  of  such  cells  occur  also  along  the  course  of 
the  abdonunal  aorta  Ixduw  the  level  of  the  adrenal  glands,  and,  as 
was  stated  almve,  in  some  of  the  fishes  the  medullars*  cells  of  the 
adrenal  gland  are  separated  anatomically  from  the  cortical  cells. 
On  account  of  the  color  reactitm  and  the  demonstration,  in  some 
cases  at  least,  that  this  color  reactif>n  indicates  the  presence  of 
epinephrin,  it  has  become  customary  to  group  all  tlie  cells  exhibit- 
ing the  rliromate  reaction  untler  the  general  tenn  <if  chromaffin 
system  f  and  to  suppose  that  all  this  tissue*  wherever  found,  has  a 
common  physiological  significance.  The  medulla  of  the  adrenal 
gland  is  the  most  conspicuous  and  important  group  of  these  cells, 
but  it  is  assumed  that  in  ease  of  removal  by  disease  or  experiment 

•  For  ile^ription  i>f  thcaii.stry  and  rpfcrcncoa,  see  Burger,  "The  Simpler 
Natural  Bases"  (Monogriiphs  on  Hirvrhemistrv),  1914. 

t  See  Vincent,  '^Proceedings  of  the  Royal  Society,"  B,  82,  502,  1910. 
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its  functions  may  be  supplied  more  or  less  perfectly  by  the  outly- 
ing cells  helonfjing  to  the  same  tissue. 

Physiological  Action  of  the  Epinephrin. — As  stated  above, 
solutions  of  epinephrin  give  a  marked  effect  upon  the  be&rt-nte 
and  blood-pressure.  The  great  slowing  of  the  heart-rate  is  dw  lo 
an  action  of  the  epinephrin  on  the  cardio-inhibitory  (renter.  an« 
it  disappears  when  the  vajci  are  cut  or  after  the  administration  of 
atropin.  When  this  influence  of  the  cardio-inhiVjitory  ceni«  i> 
removed  it  can  he  shown  that  the  epinephrin  causes  a  strnnperand 
more  rapid  contraction  of  the  heart,  and  a  similar  effect  can  be  ob- 
tained upon  the  isolated  heart  niaintaine<i  by  an  artificial  cin'ula- 
tion.  It  seems  probable  that  this  efTect  of  the  epinephrin  is  due  to 
a  stimulating  action  upon  the  endings  of  the  accelerator  iicr\e  in 
the  heart.  In  addition  to  the  heart  effect  the  epinephrin  causwa 
strong  contraction  of  the  arterioles  in  certain  areas,  and  expenmcnt« 
demonstrate  that  this  effect  is  due  mainly  to  a  peripheral  wrtinn.  It 
is  this  actifin  that  produce-s  the  great  ri.st^  in  blood-prrssurp,  wn 
especially  after  the  antagonistic  influence  of  the  cardio-inhibiton' 
center  is  thrown  out  by  section  of  the  vagi.  Under  usual  conditions 
this  effect  on  blood-pressure  is  short-lasting.  The  arterial  pr»- 
sure  after  reaching  a  muxinimu  falls  off  rapidly  to  nonnal,  huta 
new  rise  can  be  produced  by  a  new  injection.  The  effect  of  thr 
epinephrin  on  blood-pressure  is  so  constant  and  is  proiluced  by 
such  small  doses  that  it  may  be  used  quantitatively  in  cstiniating 
the  amount  of  epinephrin  in  various  extracts.  Investigation  his 
shown  that  not  all  of  the  arterioles  are  stimulate  to  contraction  by 
epinephrin,  and  the  results  of  many  experiments  of  this  kind  faavf 
led  to  the  generahzation  (Langlcy)  that  the  epinephrin  acts  only 
uixjp  the  nlain  muscle  which  receives  its  innervation  Ironi  thesffl- 
pathetic  autonomic  system,  and  that  it.s  effect  upon  the  muMnila- 
ture^'hetlier  of  stimulation  or  of  inhJhitjgn,  '^  rhp  Rqn)^  ns  thatob- 
**^nffrhyfl'"""^  >;tin^l|l|^tion  of  the  sympathetic  nerve-<^upply.  w 
S(»lective  action  of  the  epinephrin  finds  some  explanation  m  the  hy- 
pothesis  that  it  does  not  affect  the  muscular  substance  directly,but 
acts  upon  a  specialized  receptive  substance,  the  myoneural  junrtion 
(Elliott)  at  the  point  where  the  nerve-fiber  unites  with  the  tnusoi^ 
fiber.  On  the  basis  of  this  generalization,  peri'usion  with  solutions 
containing  epinephrin  has  been  used  as  a  method  for  determinini 
whether  or  not  the  blood-vessels  of  any  given  organ  are  suppW 
with  vasoconstrictor  nerve-fibers.  These  fibers  all  belong  to  thf 
sympathetic  autonomic  system,  and  those  blood-vessels  which 
exhibit  a  contraction  under  the  influence  of  epinephrin  probably  are 
supplied  with  vasoconstrictor  nerve-fibers.  Tlie  use  of  this 
method  is  referred  to  in  connection  with  the  discussion  regarding 
the  presence  or  absence  of  such  nerve-fibers  to  the  arteriee  of  the 
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brain,  the  lungs,  and  the  heart.  On  the  same  generalization  it  will 
be  noted  that  plain  muscle  receivinR  inhibitory  fibers  from  the 
sympathetic  autonomic  system  ought  to  exhibit  a  relaxation  instead 
of  a  contraction  when  acted  upon  by  cpinephrin.  This,  in  fact, 
seems  to  be  the  case.  The  plain  muscle  in  the  intestinal  walls 
receives  inhibitor>'  fibers  from  the  sjTnpathetic  autonomics 
(splanchnics),  and  on  this  musculature  epinephrin  does  cause  loss 
of  tone  and  relaxation  instead  of  eontractiun,  and  another  beautiful 
example  of  the  same  kind  is  obtained  from  the  iris.  The  dilator 
muscle  of  the  iris  is  supplied  by  nerve-fil>er8  from  the  sympathetic 
autonomics,  and  in  correspondence  with  this  fact  the  epinephrin  in 
very  minute  doses  causes  a  dilatation  of  the  pupil.  On  the  plain 
muscle  in  other  orp;ans  epinephrin  has  a  somewhat  variable  effect, 
differing  with  comUtions  or  with  the  animal  selected.  The  uterine 
musculature,  for  example,  in  the  pregnant  cut  is  made  to  contract, 
but  in  the  non-prep^unt  condition  it  shows  relaxation.  The  plain 
muscle  of  the  bronchioles  exhibit  n^laxation  under  the  influence  of 
the  epinephrin,  and  since  these  muscles  probably  receive  their 
nerv(*-supply  through  the  bullmr  autonomics  (vagus)  their  reac- 
tion to  cpinephrin  indicates  that  the  above  generalization  in  regard 
to  the  sympathetic  autonomics  must  not  be  understood  to  mean 
that  the  epinephrin  acts  only  on  the  musculature  innervated  by  the 
syinpathetics,  but  rather  that  the  muscle  so  innervated  shows  a 
special  response  to  epinephrin  action.  Even  skeletal  muscles  are 
distinctly  affected  by  epinephrin.  Under  the  influence  of  appro- 
priate dose.s,  the  contractions  are  increased  in  size  and  the  subse- 
quent relaxation  seems  to  Ix*  more  rapid  and  complete.  In  addi- 
tion to  its  influence  on  the  muscular  or  neuromuscular  mechanisms 
epinephrin  has  an  effect  upon  the  body  metabolism,  especially  as 
regards  the  carbohydrates.  When  injected  it  causes  an  output  of 
sugar  in  the  urine,  which  may  last  for  some  days.  Evidently  the 
epinephrin.  in  these  overdoses,  interferes  in  some  way  with  the 
sugar-regulating  mechanism  of  the  body.  Along  with  the  glyco- 
suria there  is  hyperglycemia,  that  is,  an  increase  in  the  sugar- 
content  of  Ihc  blood,  and  the  usual  explanation  for  this  action  of 
the  epinephrin  is  that  it  stimulates  the  process  of  glycogenolysis, 
the  process  by  which  the  stored  glycogen  of  the  liver  is  converted  to 
sugar  and  given  to  the  blood.  This  production  of  epinephrin 
glycosuria  has  lx?en  observed  not  only  under  experimental  condi- 
tions, but  also  under  what  may  be  called  nonnal  conditions  in  which 
there  is  evidence  of  an  increase<l  secretion  or  hypersecretion  of  the 
gland.  Cannon  has  described,  for  example^  what  he  calls  emotional 
glycosuria,  a  condition  in  which  in  consequence  of  emotional 
excitement  there  is  an  increased  secretory  activity  of  the  adrenal 
gland  and  an  accompanying  glycosuria.     Results  of  this  kind  would 
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seem  to  indicate  thai  the  nornuil  secretion  of  epinephrin  may  pUy 
a  part  in  the  complex  sujiiiLr-ref^ulating  mechanism  of  the  My, 
and  there  is  evidence,  which  wiU  be  referred  to  briefly  later,  ihal 
the  other  glands  of  internal  secretion,  or  some  of  them  at  any  rate. 
are  also  concerned!  in  the  re^ilution  of  the  suf^ar  .supply  aiul  :*upir 
eoasumption.  When  administered  in  large  doses  epinephrin  ha*  a 
distinct  or  even  fatal  toxic  effect.  The  lethal  dose  varies  with  ihe 
animal  useil  and  the  mode  of  administration.  AMien  j^iven  inlm- 
venously  a  dose  of  a*;  much  as  1  nigrrn.  per  kilogram  of  body 
weight  may  be  followed  by  a  rapid  paralysis  of  respiration  or  »f  ihe 
heart,  or  by  a  more  gradual  intoxication  accompanied  by  hemor- 
rhages from  the  intestinal  mucosa. 

The  Secretory  Nerves  of  the  Adrenal  Gland. — The  adrenal  gbudH 
receive  a  supply  of  sympathetic  .'uitononiic  ner\'e-fibers  by  ^\*iiyfif 
the  splanclinic  nerves.  Dreyer*  first  demonstrated  that  the  prwluc- 
tion  of  epinephrin  in  the  gland  may  be  increased  up>oQ  stimulfllioo 
of  these  fibers  and  that  in  all  probability  the  output  of  epinephrin 
is  regulated  through  definite  secretory  fil>er8.  This  eonchiaoDhtf 
been  corroborated  by  more  recent  work.  Sensory  stiraulatiow  nf 
various  kinds,  strong  eniotiunal  excitement,  and  other  conditions 
seem  to  cause  a  reflex  stimulation  of  the  gland  and  a  consequent  in- 
crease in  the  concentration  of  epinephrin  in  the  blood.  In  fact,  it 
would  apfX'ar  that  some  of  the  variations  in  arterial  pressure,  which 
have  been  explained  heretofore  as  the  immediate  result  of  direct  or 
reflex  stimulation  of  vasoconstrictor  fibers,  may  be  due  rather toi 
reflex  stinmlation  of  the  adrenal  glands  which  brings  alx)Ul  a  vi«h 
constriction  through  an  increased  amount  of  epinephrin.  Whpp 
the  splanchnic  nerves  (peripheral  end)  are  stimulated,  for  example, 
a  marked  vasoconstriction  is  produced  throughout  the  eo-caliwl 
splanchnic  arcA.  Analysis  seems  to  show  that  in  tins  case  ihereisa 
primary  construction  due  to  the  action  of  the  vasomotor  fibers, 
but  this  is  followed  by  an  additional  constriction  caused  by  the 
increased  out[)ut  of  epinephrin. 

The  Fundional  Significance  of  ihe  Medullary  TiMu^.— The 
normal  functional  vahie  of  the  medullar>'  tissue  and  of  theolliw 
chromaffin  tissues  consists,  so  far  as  we  know,  in  the  pro<Iuctionaiwi 
secretion  of  e|jiiiet)hrin,  and  discussions  ujK»n  thi>  question  lia>T 
centered^  therefore,  upon  the  nonnal  occurrence  ami  significance 
of  the  epinephrin.  Examination  of  the  venous  blood  flowing  froni 
the  adrenal  gland  discloses  the  fact  that  it  contains  epinephrin. 
The  presence  of  the  base  is  shown  most  satisfactorily  by  its  ph>'sio- 
logical  reactions.  AVlien  the  blood  from  the  adrenal  vein  u*  col- 
lected and  injected  into  another  animal  it  produces  the  charartw- 
istic  epinephrin  effect  upon  blood-pressure;  other  similar  testi, 
•  Dreyer,  "American  Journal  of  Physiology,"  2,  203,  1899. 
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such  as  the  dilatation  of  the  pupil  in  an  excised  eye  of  the  frog 
(Meltzer  reaction)*  the  contraction  of  rings  of  arteries  (Meyer's 
test),  or  the  relaxation  of  strips  of  intestine  ((rannon-Hoskin),  all 
agree  in  indicatinj^  that  the  venous  blood  flowinp  from  the  adrenal 
gland  contains  epinephrin.  The  amount  is  sntall^  so  small  that 
attempts  to  demonstrate  its  existence  in  the  peneral  circulation 
have  not  lieen  entirely  satisfactory;  some  claim  U*  have  slunvn  it« 
presence,  while  others  pet  negative  results.  It  is  p;enerally  Ix'lieved, 
however,  that  the  hkK>d  does  receive  constantly  a  supply  of  epi- 
nephrin from  the  adrenal  (jiantls  and  that  this  constitutes  the  inter- 
nal secretion  of  the  medullary  cells.  As  regards  the  function  of  the 
epinephrin  under  normal  conditions  there*  is  some  difTerencc  of 
opinion.  The  usual  view  is  that  it  serves  to  maintain  a  condition 
of  tonicity  in  the  museulature  of  the  heart  and  hlood-vesscis  iimcr- 
vated  l>y  the  sympathetic  autonomic  system  and  thus  insures  a 
normal  cardiovascular  tone.  If  the  amount  of  epinephrin  falls 
below  normal  or  fails  entirely,  a  condition  of  hypotension  results  in 
consequence  of  general  vascular  dilatation.  When  epinephrin  is 
secreted  in  excess  the  opptKsite  condition  of  hyjurlem^ion  prt^'ails. 
This  theory  is  insufficient  in  that  it  (h>es  not  take  into  account  the 
other  physiological  reactions  of  epinephrin,  such  as  the  effect  on  car- 
bohydrate metabolism,  and,  moreover;  it  is  not  entirely  in  accord 
with  some  observations  upon  the  results  of  removal  of  the  adrenal 
glands.  In  spite  of  the  large  amount  of  exix*rimental  work  upon 
the  action  of  epinephrin,  it  scen>s  necessary  at  pn^s<'nt  to  recognize 
the  fact  that  our  knowledge  is  too  incomplete  to  justify  any  posi- 
tive statements  in  regard  to  its  normal  role  in  the  organism. 

As  stated  above,  the  rise  of  blood-pressure  and  the  slow  heart- 
besit  caused  by  injections  of  epinephrin  last  but  a  few  minutes. 
Apparently  the  excess  al>ove  the  normal  concentration  in  the  blood 
is  quickly  destroyed  in  some  way.  Possibly  it  is  absorbed  and  oxi- 
dizeil  or  otherwise  changes  l>y  the  tissues,  but  on  this  point  also 
ejcperiments  as  yet  have  not  given  a  decisive  residt.* 

The  FunciUmal  Significance  of  the  Cortkal  Tissue. — Most  ob- 
servers agree  that  the  cortex  does  not  contain  ei)inephrin,  and  it  is 
probable,  therefore,  that  its  functions  are  diJTereut  from  those  of 
the  nMMlulla.  Biedl  has  shown  that  in  tho.se  fishes  in  which  the 
cortical  substance  exists  as  a  separate  structure,  the  interrenal  body, 
extirpation  of  this  organ  is  followed  by  a  condition  of  progressive 
muscular  weaknt^ss  ending  in  death.  This  result  wouki  indicate 
that  the  cortital  tissues  have  si»[iie  six^cific  and  essential  internal 
secretion,  atul  it  would  s<*em  possible,  moreover,  that  the  fatal  result 
always  following  extirpation  of  the  adrenal  Iwdies  is  due  to  loss  of 
the  cortical  rather  than  the  medullary  substance.  Some  experi- 
•  For  general  reviews  of  literature,  consult  liiedl,  "Innere  Sekretion,"  1913. 
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nienters,  who  have  stmlied  carefully  the  effects  of  partial  or  com- 
plete removal  of  the  adrenals  in  inaininals,  record  their  opinion  that 
it  is  the  cortex  rather  than  the*  niechiHu  that  is  essential  to  life.* 
The  nature  of  the  secretion  furnished  hy  the  cortex  and  its  normal 
functional  value  are  matters  of  sjx^culation  only  at  present. 
Chemical  exanimatioii  of  the  cortex  shows  tlie  presence  of  much 
lipoid  material,  particularly  of  the  cholesterin  esters,  and  it  may  be 
that  through  this  material  the  tissue  influences  the  metabolism  in 
other  part-s  of  the  Ij^Rly. 

Observers  have  also  called  attention  repe^edly  to  the  fact  that 
the  cortex  luus  some  relation  to  the  activity  of  tlie  sexual  glands. 
During  pregnancy  the  cortex  imdergoes  hypertrophy,  and  in  some 
cases  pathological  changes  affecting  the  cortex  alone  have  been  fol- 
lowo(i  by  precocious  development  of  the  sexual  organs.  On  the 
other  side,  e^ustration  causes  changes  in  the  adrenal  Ixxlies  and, 
indeed,  the  various  phases  of  sexual  life  are  accompanied  by  hlsto- 
logieal  changes  in  the  adrenals.  But  others  of  the  glands  of  int-er- 
nal  secretion  have  some  similar  functional  relation  with  the  repro- 
ductive glands  or  their  contained  interstitial  tissue,  and  no  specific 
suggestion  can  lie  offered  at  present  in  regard  to  the  particular  part 
taken  by  the  adrenal  cortex,  t 

Pituitary  Body  (Hypophysis). — This  body  is  usually  described 
as  consisting  of  two  parts — a  large  anterior  lobe  of  distinct  glandu- 
lar structure  and  a  much  smaller  posterior  lobe  of  ner\'ou8  origin 
and  composed  chiefly  of  neuroglia  cells  anil  fibers.  Embryologic- 
al!y  the  two  lobes  are  entirely  distinct.  The  anterior  lobe  arises 
from  an  invagination  (Rathke's  pouch)  of  the  buccal  ecl<Klenn.  A 
portion  of  this  epithelium  soon  develops  into  a  glandular  structure, 
iK'lifnging  to  the  type  of  glands  which  have  no  excretory  duct  and 
which  probably,  therefore,  form  an  intt^rnal  secretion.  The  pod- 
terior  lol)e  arises  as  an  outgrowth  from  the  floor  of  the  third  ven- 
tricle of  the  brain,  the  infundibulum,  which  comers  into  contact 
with  the  epithelial  |>ouch  forming  the  anterior  lobe.  The  epithelial 
cells  of  the  latter  s(Hjn  show  a  differentiation  int-o  two  parts,  one  of 
which  give«  rise  to  the  ant^^rior  \o\k\  while  the  other  invests  the 
body  and  neck  of  the  posterior  or  nervous  lolie.  To  this  latter  the 
special  name  of  the  pars  intennedia  lias  het^n  given.  When  fully 
fonned  the  [wsterior  lobe  consists  of  two  parts,  the  pars  «<tt*>wi, 
composed  of  neuroglia  cells  and  fiWrs  and  ejxnidymal  cells,  and  an 
investing  layer  of  epithelial  cells,  derived  from  the  buccal  ectoderm 
and  known  as  the  pars  intermedia  (see  Fig.  299). 

*  Crowe  and  Wifilocki,  "Johns  Hopkins  Hospital  Bulletin,"  October,  1914. 

t  For  detaila  and  references  to  literature  on  this  and  other  points  in  inter- 
nal Becretion  codhuU  the  excellent  work  bv  Bicdl,  "Innere  Sekretion,"  Berlin, 
1913. 
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In  the  pars  nervosa  oharacteristir  hyaline  or  colloid  bodies 
occur  and  histolo^riuul  work  makes  it  probable  that  this  nmt^rial 
constitutes  nn  internal  sct-rotion.  ArrnrtlitiK  to  Herrinj^,*  it  is 
formed  from  the  epithelitirn  (jf  the  pars  iutennedia.  The  cells  of 
the  hiUer  invade  llie  pars  nerv<^^Ja,  undergo  u  hyaline  defeneration, 
and  are  finally  discharged  into  the  cerebrospinal  liquid  of  the  third 
ventricle.  Invest if^ations  upon  the  physioloKy  of  the  pituitary 
gland  have  taken  the  two  usual  directions,  namely,  a  stuily  uf  the 
effects  of  removal  and  a  study  of  the  effects  of  extracts,  and  obser- 


Fir.  299. — MnJinn  fiAairuI  BCftinn  throurth  piluitan*  of  monkey;  si>niitlintrnkmmfttw 
(HerriiiH);  a,  Optip  I'tiianftm;  fi,  liiifil  ventriolc;  c,  a,  p»rn  HLtprnieilia;  d,  fiiitlieliuni  of  p&rt 
intcrmeaia  cxtpnttinic  rouud  iirrk  of  imr«  nt'rvosa:  r,  pnrs  KlanIulHri»  -^ni  ppiihrliuHs;  /.  intra- 
glanHuUr  cleft,  lyJaic  between  pars  glaadularu  (c)  and  pnr^  intirrutN^liu  (i/K  A,  para  nervou. 


vations  of  this  rharat'ter  liave  l>een  mudr  upon  this  ghnul  as  a 
whole  an<l  upon  the  anterior  and  posterior  htbes  taken  soptiratcly. 
Extradit  of  the  Poaterior  Lobe. —  Extraets  of  this  lobe  contain  ma- 
t-erial  fr()m  both  tho  fuu-s  nervosa  and  the  pars  intermedia,  but  on 
the  eviilenee  stateil  above  it  may  be  assumed  that  the  results  ob- 
tained are  attributable  in  reality  to  the  pars  intenneilia,  wliich  has 
a  glandular  strueture  and  in  responsible  for  the  hyaline  material 
found  in  the  nervous  part.  When  extrants  of  the  posterior  lobe 
are  injected  into  tlie  cin-ulatiiJU  several  distinct  results  have  been 
observed  t*i  follow.     In  the  first  piaer  there  is  a  characteristic  effect 

•Herring,  "Quarterly  JouraiU  of  Experimental  Physiology/'  1,  121,  101, 
281,  1908. 
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on  the  circulation — the  heart-rate  is  slowed  and  the  blood-pnswre 
is  raised.  Both  effects  are  less  marked  than  in  the  case  of  epi- 
nephrine but  they  persist  for  a  longer  time.*  Further  eoaminatiofi 
has  shown  that  the  extracts  seem  to  exercise  a  stimulating  effect 
on  all  or  most  of  the  involuntarj'  muscles  in  the  body.  Tbe  in- 
testine, bladder,  and  uterus  are  all  made  to  contract,  and  thif  ef- 
fect is  perhaps  especially  inarkeil  in  the  case  of  the  uterine  mus- 
cle, so  much  so  in  fact  that  it  has  l>een  proposed  to  use  such  ci- 
tracts  in  obstetrical  practice  to  promote  the  contractions  of  tbe 
uterus.  While  the  epinephrin  acts  mainly  at  least  on  plain  muscle 
innervated  by  the  sympathetic  autonomics  and  give-s  contraction  or 
relaxation  according  as  the  ner\'e-fil)ers  are  motor  or  inhibitorvMbe 
hormone  from  the  posterior  lobe  of  the  pituitar\'  gland  appeani  to 
act  directly  on  the  muscle  and  to  cause  contraction  or  increiwd 
tone  in  all  cases.  In  addition  to  this  effect  on  plain  muscle  the 
extracts  have  a  stimulating  action  on  several  kinds  of  gl.aiidulaf 
tissue,  t  They  cause  a  distinct  diuresis  by  an  effect  on  I  he  kidnm; 
they  act  as  a  galactogogue  to  the  manimarj'  glands  when  in  func- 
tional activity,  and  it  is  stated  that  they  accelerate  the  rate  of 
formation  of  cerebrospinal  liquid.  Lastly,  these  extracts  influence 
thf*  goncnil  metabolism,  particularly  in  regard  to  the  carlK)hydrfltes, 
Like  the  epinephrin.  they  cause  a  glycosuria,  and  apparently  in  ibe 
same  way,  that  is,  by  accelerating  the  process  of  glycogenolysis  in 
the  liver. 

Extracts  of  the  Anterior  Lobe. — In  marked  contrast  to  the  cfl 
obtained  from  the  posterior  lobe,  extracts  of  the  anterior  lobe  i 
injected  yiekl  no  decisive  results.  As  will  be  seen  below  this  lot* 
undoubtedly  furnishes  an  important  secretion,  but  the  specific 
action  of  this  secretion  is  not  revealed  by  the  method  of  injection. 

Reirioml  of  the  Pituitary  Body. — Very  contnulirtor>'  rep 
were  made  by  the  earlier  observers  upon  the  result  of  the  coiiip 
removal  of  the  pituitary'  body,  but  since  the  work  of  Faulevolt 
has  been  generally  accepted  that  hypophyseetomy  is  e^ssentially  a 
fatal  operation. I  The  animal  dies  in  a  few  days  after  exhibiting 
a  series  of  prcincjnitory  symptoms,  such  as  a  fall  in  temperature, 
unsteady  gait,  rnpid  emaciation,  and  diarrhea.  Further  examina- 
tion has  shown  that  this  fatal  outcome  happens  when  the  antcnor 
lobe  alone  is  removed,  and  we  may  conclude,  thert»fore,  that  the 
secretion  of  this  gland  exercises  some  profoundly  important  influ- 

•  Howell,  "Journal  of  Exi>eriinontal  Mwiicino/'  3,  345,  189S;  alaoSchif* 
and  Vincent,  "Jmininl  of  Physiology,"  25,  S7.  ISDd. 

t  Schafcr  and  Herring.  "Philosophical  TranBactions  Rovul  Society," 
London.  B.  199.  1;  Olt  and  Scott,  '*Pro«»ochnR«  Society  of  Exp.  BioL  t«i 
Med.."  H,  28, 1910-11;  Weed  and  Cuahiog,  "American  Joiinial  of  PhysioloGr." 
36.  77.  1915. 

X  Sec  CtuhinK.  "Tlie  Pituitar>*  Body  and  It^  Dimrdcrs,"  1912;  alsoGoeti^ 
"The  Quarterly  Journal  of  Medicine,    January,  1914. 
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ence  upon  metabolism,  altlKJugh  the  nature  of  this  influence  is  not 
as  yet  understood.  Removnl  of  the  posterior  toVje  alone  is  not 
fatal,  but  it  is  followed  by  characteristic  effects.  The  animal 
exhibits  a  greater  tolerance  to  carbohydrate  food,  that  is  to  say,  a 
larger  quantity  of  carbohydrate  can  l)e  taken  witfioiit  causing 
alimentary  p:lycosurift.  There  is  also  a  marked  increase  in  the 
processes  of  fat  formation,  so  that  a  tendency  to  obesity  is  one 
indication  of  a  diminished  activity  of  the  jMJsterior  lobe.  When  the 
operation  is  performed  upon  young  animals  the  develt*pinent  of  the 
sexual  glands  is  arrested,  ami  the  animal  later  exhibits  a  eunuchoid 
condition.  On  the  clinical  side  observations  have  l>een  collected 
which  corroborate  and  extend  the  conclusions  that  miglit  be  drawn 
from  the  results  of  animiil  ex[K'rimeniation,  although  in  such  cases 
it  has  been  more  difficult  to  separate  the  effects  due  to  the  anterior 
and  the  posterior  lobes  respectively.  When  the  hypophysis  is 
hypertrophied  and  is  presumably  in  a  condition  of  hyperactivity, 
the  resulting  effects  are  exhibited  cliiefly  in  the  matter  of  the 
growth  of  the  skeleton.  In  early  life  such  an  effect  leads  to  marked 
overgrowth  or  gigantism,  while  in  later  life  it  occasions  an  enlarge- 
ment of  the  bones  of  the  face  and  extremities,  a  condition  known  as 
acromegalfj.  It  is  assumed  that  in  such  eases  there  is  a  hypersecre- 
tion of  tlie  anterior  lobe.  t)n  the  otlier  hand,  when  there  is  reason 
to  l)elieve  that  there  is  a  tliminished  aclivity  of  the  pituitary  body, 
for  example,  from  pathological  growths  pressing  up<in  the  gland, 
the  effects  usually  nl^served  are  the  [irofluction  of  <:»besity  and  sexual 
infantilism,  tr>gether  witli  increased  tolerance  to  (carbohydrates. 
These  effects  are  attributed  to  a  hyposccretion  of  the  jxjsterior  lol>e. 
The  FundioTiH  of  the  Fituitary  Botiy. — It  srcms  eviilent  from  the 
above  brief  statement  of  the  results  of  experiments  and  clinical 
observatitms  that  tlie  pituitary  l.>ody  is  esst^titiid  in  some  way  to 
normal  lK>dy-metabolisin.  and  nuireover  that  the  antcri^ir  and  pos- 
teri(>r  lobes  exercise  different  functions.  The  differentiation  in 
function  between  the  two  parts  or  two  glands  cannot  be  made 
completely  at  present,  but  so  far  as  our  knowleelge  goes  it  would 
seem  that  the  anterior  lobe  furnishes  a  secretion  that  stimulates 
the  growth  of  the  skeleton  and  possibly  the  connective  tissues  in 
genera],  and  in  adflition  exercises  some  cleeper  influence  on  metabo- 
lism of  an  unknown  but  essential  nature.  The  posterior  loW,  on 
the  contrary,  furnishes  one  or  several  liormones  that  have  a  stimu- 
lating effect  upon  several  processes — the  tone  of  plain  muscle,  the 
.secretory  activity  of  several  glands,  and  the  process  of  glycogeno- 
lysis.  In  additiim,  this  portion  of  the  gland  shares  with  others  of 
the  ductless  glands  (thymus,  cortex  of  the  adrenal  glands)  a  regu- 
lating influence  upon  the  normal  development  of  the  reproductive 
organs.     Its  influence  in  this  respect  resembles  and  may  be  con- 
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nected  with  the  activity  of  the  interstitial  tissue  within  the  sub- 
stance of  the  ovary  or  testis. 

The  Pineal  Body  (Epiphysis  Cerebri). — This  small  body 
projects  from  the  roof  of  the  third  ventricle  and  embryologically 
develops  as  an  outgrowth  from  this  vesicle  of  the  brain.  In  early 
life  it  has  a  glandular  structure  which  seems  to  reach  its  greatest 
development  at  about  the  seventh  year.  After  this  period  and 
particularly  after  puberty  it  undergoes  a  process  of  involution 
during  which  the  glandular  structure  gradually  disappears  and  its 
place  is  taken  by  fibrous  tissue.  The  gland  is  noteworthy  also  for 
the  appearance  of  calcareous  concretions,  the  so-called  brain  sand, 
which  may  appear  even  in  early  life.  Intravenous  injections  of  ex- 
tracts of  this  gland  seem  to  cause  a  distinct  fall  in  blood-pressure, 
indicating  the  presence  of  a  depressor  substance.  On  the  patho- 
logical side  it  is  stated  that  in  young  children  invasion  of  the  gland 
by  pathological  growths  results  in  distinctive  effects.  Under  such 
conditions  there  is  presumably  a  diminished  activity  of  the  gland, 
and  the  results  observed  are  an  accelerated  development  of  the 
reproductive  organs,  with  an  attending  mental  precocity  and  an 
increased  growth  of  the  skeleton.  The  inference  made,  therefore, 
from  these  observations  is  that  in  the  young  child  the  gland  fur- 
nishes a  secretion  which  inhibits  growth  and  particularly  restaina 
the  development  of  the  reproductive  glands,  but  it  should  be 
noted  that  this  conclusion  is  not  well  supported  by  experimental 
evidence.  Total  extirpation  of  the  gland  gives  no  decisive  effcrt 
upon  the  animal  (Dandy). 

Organs  of  Reproduction. — Some  of  the  earliest  work  upon  the 
effect  of  the  internal  secretions  of  the  glands  was  done  upon  the 
reproductive  glands,  especially  the  testis,  by  Brown-S^uani.* 
According  to  this  observer,  extracts  of  the  fresh  testis  when  in- 
jected under  the  skin  or  into  the  blood  may  have  a  remarkable 
influence  upon  the  ner\^ous  sj'.stem.  Mental  and  physical  \igor, 
and  the  activity  of  the  spinal  centers,  are  greatly  improved,  not 
only  in  cases  of  general  prostration  and  neurasthenia,  but  also  in 
the  case  of  the  aged.  Poehl  asserts  that  he  has  prepared  a  ^n\>- 
stance,  spcrmin,  to  which  he  gives  the  formula  CiHuN,,  whirh 
has  a  very  beneficial  effect  upon  the  metabolism  of  the  body. 
He  believes  that  this  spermin  is  the  subst^ince  that  gives  to  the 
testicular  extracts  prepared  by  Brown-8^uard  their  stimulating 
eflfect.  He  claims  for  this  substance  an  extraordinary  action  as  a 
physiological  tonic,  but  it  cannot  be  said  that  his  assertions  have 
l>een  corroborated  by  later  work.    Zothf  and  also  Pregel  seem  to 

*  "Archives  dc  physiologio  normalo  et  patholoRique."  18H0-92. 
t  "Pfliiger's  Archiv  f.  die  ges<ammte  Phy-sioloRie,"  62,  33."),  1S96;  abio69, 
386,  1897. 
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^  have  obtained  exact  objective  proof,  by  means  of  ergogrciphic 

I  records,  of  the  stimulatiniB;  action  of  the  t^^sticular  extracts  upon  the 

'    neuromuscular  apparatus  in  man.     They  find  that  injections  of 

the  testicular  extracts  cause  not  only  a  diminution  in  the  muscular 

and  ner\'ous  fatigue  resulting  from  muscular  work,  but  also  lessen 

the  subjective  fatigue  sensations-     The  natural  (Hrection  iu  which 

vre  would  look  for  evidence  of  the  existence  of  u^  internal  secretion 

on  the  part  of  the  testes  would  be  in  their  influence  ujx^n  the  sexual 

characteristics  and  sexual  appt^titc.     Most  of  the  recent  work 

has  indicated  quite  clearly  that  the  reprofluctive  g!ands  control 

the  development  of  the  sexual  characteristics,  not  by  way  of  a 

■  reflex  nervous  effect  but  by  way  of  the  blood;  that  is  to  say,  thmugh 

"    an  internal  secretion.     This  work  however,  tenils  to  show  that  the 

internal  secretion   is   fonned   not   by  the  reproductive   elements 

proper,  the  sijermatozoa  or  the  spormatoKonia,  but  rather  by  the 

»  so-called  interstitial  cells  of  Leytiig,  wliich  lie  outside  of  the  seminal 
tubules.  When  a  young  animal  is  castrated  completely  the  sec- 
ondanr'  sexual  characters  and  the  sexual  api>etite  do  not  develop. 
If,  however,  the  vas  deferens  is  ligated,  the  sexual  elements  may 
disappear  while  the  interstitial  cells  remjiin  and  increase  in  num- 

Iber.  In  such  animals  the  sexual  instincts  and  characteristics 
develop  normally.  The  clearest  pr(K)f  of  the  im|)ortance  of  the 
interstitial  cells  in  this  regard  is  furnished  by  the  experiments  of 
Steinach.*  Making  use  of  ver>''  young  animals  this  observer  has 
transphmte*!  the  t^*stes  from  their  normal  position  to  other  regions. 
Such  animals  develop  nonnally,  show  all  of  the  usual  secondary 
sexual  characteristics,  antl  manifest  full  sexual  desire  and  j>otency 
at  the  pmper  period.  When  the  transplanted  glands  are  examined 
it  is  found  that  the  sexual  elements  are  lacking,  i>ut  the  interstitial 
cells  are  increase<i  in  amount.  It  would  appear  from  this  work 
that  sexual  puberty  is  dependent  upon  the  internal  secretion 
furnished  l>y  these  ceils,  and  Steinach  proposes  to  designate  them 
collectively  as  the  ''puberty  glaml."  This  observer  rej>orts  further 
remarkable  experiment^  in  which  young  males  (rat.s,  guinea  piga) 
were  first  castrated  and  then  had  transplanted  under  the  skin  or 
in  the  peritoneal  cavity  the  ovary  from  a  female  of  the  same 
^)ecies.  Umler  such  conditions  the  graft  of  the  ovary  takes,  and 
uidike  the  graft^nl  testicle  both  the  reproductive  cells  and  the 
interstitial  cells  survive.  In  such  animals  the  secondary  male 
characteristics  do  not  develop,  his  genital  organs  remain  infantile; 
he  exhibitin,  on  the  contrary,  the  female  characteristics,  as  shown  by 
hifi  size,  the  charact(»r  of  the  hair,  antl  (^specially  by  the  develop- 
ment of  mtuiimte  and  niiiples.  So  far  as  the  external  charac- 
teristics are  concerned  the  animal  ia  completely  feminized,  and 
*  Sloiriacli,  "PflOger'n  Archiv,"  144,  71,  1912. 
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Steinach  states  that  such  an  animal  is  sought  by  the  male  as 
though  it  were  a  true  female.  It  would  follow  from  these  experi- 
ments that  the  internal  secretion  of  the  interstitial  cells  in  the  ovaiy 
and  in  the  testis  has  each  its  speci&c  influence  in  guiding  the  de- 
velopment of  the  sexual  characteristics,  one  causing  the  formation 
of  male,  the  other  of  female  characteristics.  Many  experiments 
and  observations  indicate  that  the  internal  secretions  of  the  ovaries 
and  testes  are  important,  not  only  as  regards  so-called  secondar)' 
sexual  characteristics,  but  also  in  regard  to  the  body-metabolisms  in 
general.  Some  evidence  for  this  general  view  is  found  in  the 
functional  relationship  that  appears  to  exist  between  these  organs 
and  other  ductless  glands.  This  relationship  b  most  clearly 
marked  with  the  thymus,  the  pituitary,  and  the  cortical  portion  of 
the  adrenal  glands.  Castration  or  spaying  causes  an  enlargement 
of  the  thymus  gland,  even  in  the  mature  animal  in  which  this  gland 
has  undergone  considerable  involution.  The  same  operation 
affects  the  hypophysis  and  adrenals,  although,  according  to  Hatai,* 
the  effect  in  this  case  varies  with  the  sex.  In  the  male  castration 
causes  a  marked  increase  in  the  weight  of  the  hypophysis,  while  in 
the  female  the  effect  is  less  distinct.  As  regards  the  adremd  glands, 
castration  in  the  male  causes  an  increased  weight  of  the  adrenab, 
while  spaying  in  the  female  causes  a  decrease  in  weight  in  these 
glands.  On  the  other  hand,  as  has  been  stated  above,  thymectomy 
seems  to  accelerate  the  development  of  the  reproductive  glands, 
and  removal  of  the  posterior  lobe  of  the  hypophysis  retards  their 
development.  The  nature  of  these  reciprocal  relationships  can- 
not be  explained  at  present,  but  it  may  be  assumed  that  they  are 
concerned  with  modifications  of  the  nature  of  some  of  the  process?:* 
of  body-metabolism  and  that  the  effects  produced  depend  upon 
definite  hormones  or  internal  secretions.  Further  e\idence  of  the 
same  character  may  he  found  in  obser\'ations  like  the  foUowinjj: 
In  gjTiecological  practice  it  has  l)een  observed  that  complete 
ovariotomy  with  its  resulting  premature  menopause  is  often 
followed  by  distressing  sy-mptoms.  mental  and  physical.  In 
such  cases  many  obser\'ers  have  reported  that  these  s>Tnptora.* 
may  l)e  alleviated  by  the  use  of  ovarian  extracts.  Similar  results 
have  been  reiwrted  upon  the  lower  animals.  After  complete  ovari- 
otomy a  condition  of  "heat"  may  be  reproduced  by  grafting  ovarian 
tissue,  t  and  several  observers  agree  in  stating  that  removal  of  the 
ovaries  in  young  animals  prevents  the  normal  development  of  the 
uterus,  while  in  adult  animals  it  causes  the  organ  to  undergo  a 
fibrous  degeneration  (see  section  on  Reproduction!.  In  the 
natural  menopause,  as  well  iis  in  the  premature  menopause  foUow- 

•  Hatai.  "The  Journal  of  Experimental  ZoolofO'.'"  1"^.  1.  1915. 

t  Marshall  and  JoUy,  "Philoc^phical  Transact  ions."  B.  cxcvii..  9d,  190S. 
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ing  complete  removal  of  the  ovaries,  it  is  a  frequent,  though  not 
invariable,  result  for  the  individual  to  gain  noticeably  in  weight. 
An  effect  of  the  ovaries  on  general  nutrition  is  indicated  also  by 
the  interestinjr  fact  that  in  case.s  of  osteomalacia,  a  disease  charac- 
^terize<l  by  softening  uf  the  bones,  removal  of  the  ovaries  iiiay 
exert  a  favorable  influence  upon  the  courne  of  the  disease.  These 
indications  have  foand  some  exporirnental  verification  in  a  research 
by  Loewy  an*!  Kiehter*  made  ujwn  dogs.  These  ohstTvers 
Teport  that  complete  removal  of  the  ovaries^  although  at  first 
apparently  witliout  effect,  resulted  in  the  course?  of  two  to  three 
tnonths  in  a  marked  diminution  in  the  consumption  of  oxyj^en  by 
the  animal,  measured  per  kilogram  of  body  weight.  If  now  the 
aninial  in  tliis  condition  was  given  ovarian  extracts  (oophorin  tab- 
b),  the  amount  of  oxygen  consumed  was  not  only  brought  to 
lormer  amount,  but  considerably  increased.  A  similar  result 
obtained  when  the  extracts  were  used  upon  castrated  males. 
authors  l>elicve  that  their  experiment-s  show  that  the  ovaries 
form  a  specific  sul>stance  wliich  is  capable  of  in<TC!ising  the  oxida- 
tions of  the  body.  While  the  effects  dascribe<l  above  may  he 
referred  probably  to  the  internal  secretion  of  the  int^'rstitial  cells 
of  the  ovaries,  other  facts  indicate  that  other  elements  in  the 
gland  may  also  furnish  a  specific  secretion.  Thus,  the  implanta- 
tion of  the  fertilized  ovum  in  the  uterine  mucous  nicmljrane 
and  the  development  of  the  placenta  have  been  supposed  to  be 
effected  through  the  agency  of  some  chemical  stimulus  arising  in 
the  cells  of  the  corpus  luteum  (see  section  on  Heprothiction). 

Pancreas. — The  importance  of  the  external  secretion,  the  pan- 
creatic- juif'e,  of  the  pancreas  has  long  \yeen  recognized,  but  it  was 
not  until  1889  that  von  Merin^j;  and  Minkowski!  proveil  that  it  fur- 
nishes also  an  equally  unjxirtant  interfial  .secretion.  These  observers 
succeeded  in  extirjMitinj^r  the  entire  pancreas  without  causing  the 
irrunediate  death  *)f  the  animal,  and  found  that  in  all  cases  this 
operation  was  followed  by  the  appearance  of  sugar  in  the  urine  in 
considerable  quantities.  Further  observations  of  their  own  and  of 
other  experimenters  have  corroborated  this  result  and  added  a  num- 
ber of  interesting  facts  to  our  knowledge  of  this  side  of  the  activity 
of  the  pancreas.  It  has  been  shown  that  when  the  pancrcfis  is  com- 
pletely removed  a  condition  of  glycosuria  inevitably  follows,  even 
if  carfx)hydrate  food  is  excluded  from  the  diet.  Moreover,  aa  in 
the  similar  pathf>logical  condition  of  glycosuria  or  diabetes  mel- 
litus  in  man,  there  is  an  increase  in  the  quantity  of  urine  (polyuria) 
and  of  urea,  and  an  abnormal  thirst  and  hunger.    Acetone  also  is 

•  Loew>'  ami  Rirhtcr,  "Archiv  f,  Physiologip,"  1HS9,  suppl.  volume,  p.  174, 
t  Minkowski,  "Archiv  f.   exper.  Palh(»logic  u.  Pharmakologic/*  31,  S5, 
1893. 
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present  in  the  urine.  These  sjrmptoms  m  cases  of  complete  extir- 
pation of  the  pancreas  are  followed  by  emaciation  and  muscular 
weakness,  which  finally  end  in  death  in  two  to  four  weeks.  If  the 
pancreas  is  incompletely  removed,  the  glycosuria  may  be  serious, 
or  slight  and  transient,  or  absent  altogether,  depending  upon  the 
amount  of  pancreatic  tissue  left.  According  to  the  experimentB 
of  von  Mering  and  Minkowski  on  dogs,  a  residue  of  one-fourth  to 
one-fifth  of  the  gland  is  sufficient  to  prevent  the  appearance  of  sugar 
in  the  urine,  although  a  ranaller  fragment  may  suffice  apparently 
if  its  physiological  condition  is  favorable.  The  portion  of  pancreas 
left  in  the  body  may  suffice  to  prevent  glycosuria,  partly  or  com- 
pletely, even  though  its  connection  with  the  duodenimi  is  entirelf 
interrupted,  thus  indicating  that  the  suppression  of  the  pancreatic 
juice  is  not  responsible  for  the  glycosuria.  The  same  fact  is  shoini 
more  conclusively  by  the  following  experiments:  Glycosuria  after 
complete  removal  of  the  pancreas  from  its  normal  connections  may 
be  prevented  partially  or  completely  by  grafting  a  portion  of  the 
pancreas  elsewhere  in  the  abdominal  cavity  or  even  under  the  skin. 
So  also  the  ducts  of  the  gland  may  be  completely  occluded  by  Bg»- 
ture  or  by  injection  of  paraffin  without  causing  a  condition  of  pe^ 
n:ianent  glycosuria. 

On  the  basis  of  these  and  similar  results  it  is  believed  that  the 
pancreas  forms  an  internal  secretion  which  passes  into  the  blood 
and  plays  an  important,  indeed,  an  essential  part  in  the  metabdism 
of  sugar  in  the  body.  Moreover,  considerable  evidence  has  been 
accumulated  to  show  that  the  tissue  concerned  in  this  important 
function  is  not  the  pancreatic  tissue  proper,  but  that  composing  the 
so-called  islands  of  Langerhtms.  In  man  these  islands  are  scattered 
through  the  pancreas,  forming  spherical  or  oval  bodies  that  may 
reach  a  diameter  of  as  much  as  one  millimeter.  The  cells  in  these 
bodies  are  polygonal ;  their  cytoplasm  is  pale,  finely  granular,  and 
small  in  amount.  The  nuclei  possess  a  thick  chromatin  network 
which  stains  deeply.  E^ch  island  possesses  a  rich  capillar)*  network 
that  resembles  somewhat  the  glomerulus  of  the  kidney. 

According  to  Ssbolew,*  ligation  of  the  pancreatic  duct  is  followed 
by  a  complete  atrophy  of  the  pancreatic  cells  proper,  while  those 
of  the  islands  of  I^ingerhans  are  not  affected.  Since  under  these 
conditions  no  glycosuria  occurs,  while  removal  of  the  whole  organ 
including  the  islands  is  followed  by  pancreatic  diabetes,  the  ob\Toug 
conclusion  is  that  the  diabetes  is  due  to  the  loss  of  the  islandv 
This  conclusion  is  strengthened  by  reports  from  the  patholopcal 
side.  A  number  of  observers  (Opie,  Sslx)Iew,  Herzog,  et  aU 
find  that  in  diabetes  niellitus  in  man  the  islands  may  \)q  markedly 

•"Virchow's  Archiv,"  168,  91,  1902;  also  Homans,  *'The  Joftrnal  o( 
Medical  Research,"  30,  49,  1914. 
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cted.  They  show  signs  of  hyaline  degeneration  or  atrophy,  or 
in  »evere  cases  may  l>e  ab?^ent  altugellier.  Il  shoukl  be  iiddetl  that 
this  connection  of  the  ishxndH  of  Langerhans  with  the  internal 
secretion  of  the  panereas  is  n<it  accepted  by  all  writers.  C'a.^es 
of  diabetes  are  reported  in  which  the  islands  wen'  apparently  not 

> affected,*  and  several  observers!  t'ontcuil  that  the  islantls  represent 
plages  in  tJie  developnieiit  of  the  ordinary  secreting  alveoli  of  the 
panc^€^as.  The  most  complete  histological  work  seems  to  show 
clearly  that  the  islets  are  pennanenl  organs  v%'hii'h  pi^rsist  as  sueh  in 
the  piincreiu*!,  and  presumably  have,  therefore,  some  s[iccifi*'  fimc- 

Itional  importance,  but  the  nature  of  this  function  and  its  relation 
to  that  of  the  acinar  cells  must  be  considered  at  present  as  open 
questions.} 
Several  theories  have  been  advanced  to  explain  the  action  of 
the  internal  secretion  of  the  pancreas.  It  has  been  suggested  that 
the  secretion  contains  an  enKvme  which  is  necessary  for  the  hydrol- 
ysis or  oxidation  of  the  sugar  of  the  body,  and  in  the  absence  of 
this  enzyme  the  sugar  accunmlates  in  the  blood  and  is  drained  off 
through  tiie  kidney.  The  long  series  of  expcriiiicnts  that  have 
been  undertaken  to  establish  this  ptant  of  view  have  yielded  contra- 

tdictor\'  and  |K*rplexing  result-s.  Observations  from  several  sources 
indicate  that  the  tissues  of  a  depancreatized  d<ig  are  still  able  to 
consume  the  sugar  of  tbe  hlooil  in  some  degree;  that  is  to  say, 
the  tissues  can  take  up  sugar  U\m\  the  I.>lootl  circulating  through 
tbem,^  but  to  what  extent  this  sugar  is  metabolized  remains  un- 
determined. Apparently  something  is  lacking  in  the  norma) 
procesSjbut  as  the  nature  of  the  nornud  pnK*cssis  itself  incompletely 
kno^^Ti,  the  defect  caused  by  the  failure  of  the  pancreatic  hormone 
becomes  correspondingly  difficult  to  defuie.  Other  investigators 
adopt  an  entirely  different  view  of  the  relation  of  the  pancreas  to 
carlx)hydrate  metubolism.  They  believe  that  the  internal  secre- 
tion of  the  pancreas  regulates  in  some  way  the  output  of  sugar 
fn)m  the  liver.  In  the  abwnce  of  this  secretion  the  liver  gives  off  its 
glycogen  as  sugar  too  rapidly,  the  sugar  contents  of  the  blood  are 
thereby  increased  (hy]X'rglycemia)  above  normal,  and  the  excess 
pas^^es  out  in  the  urine.  A  specific  form  t^f  this  hypothesis  (Zuel- 
lerll)  assumes  that  the  ouptit  of  sugar  fn^n  the  liver  (glycogenol- 
ysis)  is  under  the  cimtrol  of  two  opposing  hnnnones,  an  accelerate 
ing  hormone  fepinephrin)  furnished  hy  the  adrenal  glands,  and  an 

•  See  Pratt,  "Journul  of  the  American  Medical  Association,"  December  17, 
1910. 

t  Dale,  "Philoftonhical  TransactioiiB,"  B.  cxcvii..  1901;  also  Vincent  and 
Thompson,  "Jourmu  of  Phyt<iolou;j\"  1906,  xxvii..  xxxiv. 

X  Beiwlpy,  "American  Juurnafof  Anatomy,"  VZ,  '2U7,  1912. 

i  Sec  MaolrNwl  and  Pi'arce,  ''American  Journal  of  Phvsiologj',"  32,  184, 
1913.  and  :«.  :I7S,  1914;  fiU*  Verzar,  '■Hiochemisch*-  Zeit^chrift,"  66,  75,  1914. 

It  ZueUer,  "Deut.  med,  WochenscUrift,"  34,  13S0,  1908. 
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inhibiting  hormone  given  ofT  by  the  pancreas.  When  the  pancreas 
is  removed^  the  accelerating  hormone  causes  an  augmentation  in 
the  output  of  sugar  and  thus  produces  a  condition  of  hypergly- 
cemia and  glycosuria.  In  support  of  this  view  it  is  claimed  that  in 
a  depancreatized  dog  ligation  of  the  adrenal  veins  prevents  the 
glycosuria.  Unfortunately,  we  can  hardly  accept  this  relatively 
simple  h3rpothesis  as  expressing  the  whole  truth,  for  apparently  the 
relation  of  the  sugar-regulating  mechanism  of  the  body  to  the  in- 
ternal secretions  is  involved  and  concerns  a  number  of  the  ductless 
glands.  For  example,  the  posterior  lobe  of  the  pituitary  body  ap- 
pears to  exert  an  influence  on  the  conversion  of  glycogen  to  sugar 
similar  to  that  attributed  to  epinephrin,  while,  on  the  other  hand, 
thyroid  secretion,  or  at  least  thyroid  feeding,  inhibits  the  forma- 
tion of  glycogen  in  the  liver.* 

*  Cramer  and  Krause,  "Proceedings  of  the  Royal  Society,"  London,  B.  86, 
550,  1913. 
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CHAPTER  XLVIL 
GENKtAL  HETHODS-mSTORY  OF  THE  PROTEIN  FOOD^ 

Under  the  head  of  nutrition  or  general  metabolism  we  include 
usually  all  those  changes  that  occur  in  our  foodstuffs  from  the  time 
that  they  are  a]>»ort)ed  from  t!ie  alimentar}'^  canal  until  they  are 
eliminated  in  the  excretions.  In  many  of  these  processes  the  oxygen 
ahfiorbed  from  the  lungs  tjikes  a  most  important  part,  antl  the 
changes  directly  due  to  this  element^  the  physiological  oxidations 
of  the  body»  cjin  not  be  separated  from  the  general  metabolic  phe- 
nomena of  the  tissues.  As  was  said  in  another  place,  the  respiratorj' 
histor\^  of  oxygen  ceases  after  thus  element  has  reached  the  tissues; 
its  subsecjuent  participation  in  the  chemical  changes  of  the  organ- 
isra  forms  an  integral  part  of  the  nutritional  processes.  These  latter 
processes  are  varied  and  complex  and  only  partially  understood. 
For  the  sake  of  simj>lipity  in  presentation  it  is  convenient  to  con- 
sider separately  each  of  the  so-called  foodstuffs, — the  proteins, 
carl>ohydrates,  fats,  water,  and  inorganic  salt.s.^and  atteTi]])t  to 
trace  its  nutritive  htstorj'  from  the  time  it  is  absorbefl  into  the 
blood  until  it  is  eliniiiiated  from  the  body  in  the  form  of  excretory 
products.  Hefore  uiulertakuig  this  description  it  is  desirable  tc» 
call  attentimi  to  certain  f^enerul  methods  and  conceptions  that 
have  been  *levelopwl  in  connection  with  this  part  of  phy.siolog\'. 

Nitrogen  Equilibrium. — Among  our  main  foo<istuffs  the  pro- 
teins are  characterized  by  containing  nitrogen.  After  this  ma- 
terial is  metabolized  in  the  lx>dy  the  nitrogen  is  eliminated  ia 
various  forms,  chiefly  in  the  urine,  but  to  a  smaller  extent  in 
the  feces  and  sweat.  In  the  feces,  moreover,  there  may  l)e  pres- 
ent some  undigested  protein  which,  although  taken  with  the 
food,  has  never  really  enterctl  the  body.  It  is  evident  that  the 
urine,  feces  (and  sweat)  may  be  collected  during  a  given  period  and 
analyzed  to  determine  their  contents  in  nitrogen.     The  sweat  is 
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usually  neglected  except  in  observations  upon  conditions  in  which 
muscular  activity  has  been  a  prominent  feature.  As  a  rule,  the 
amount  of  nitrogen  is  determined  by  some  modification  of  the  Kjel- 
dahl  method.  In  principle  this  method  consists  in  heating  the 
material  to  be  analyzed  with  strong  sulphuric  acid.  The  nitn^ 
is  thereby  converted  to  ammonia^  which  is  distilled  off  and  caught 
in  a  standardized  solution  of  sulphuric  acid.  By  titration  the 
amount  of  ammonia  can  be  determined,  and  from  this  the  amount  of 
nitrogen  is  estimated.  Nitrogen  forms  a  definite  percentage  of  the 
protein  molecule  (about  16  per  cent.);  so  that  if  the  weight  of  nitro- 
gen is  multiplied  by  6.25  the  weight  of  protein  from  which  it  is  de 
rived  is  obtained.  If,  on  the  other  hand,  the  nitrogen  is  determined 
in  the  food  eaten  during  the  jseriod  of  the  experiment  it  is  exident 
that  a  balance  may  be  struck  which  will  determine  whether  the 
body  is  receiving  or  losing  nitrogen.  If  the  balance  is  even  the  body 
is  in  nitrogen  equilibrium — that  is,  it  is  receiving  in  the  food  as 
much  protein  nitrogen  as  it  is  metabolizing  and  eliminating  m 
the  excreta.  If  there  is  a  plus  balance  in  favor  of  the  food  it  is 
evident  that  the  body  is  laying  on  or  storing  protein,  while  if 
the  balance  is  minus,  the  body  must  be  losing  protein.  During 
the  f>eriod  of  growth,  in  convalescence,  etc.,  the  body  does  store 
protein,  and  under  these  conditions  the  balance  is  in  favor  of  the 
food  nitrogen.  But  throughout  adult  life  under  normal  conditions 
our  diet  is  so  regulated  b}'  the  appetite  that  a  nitrogen  equilibrium 
b  maintained  through  long  periods.  lender  experimental  condi- 
tions, involving,  for  instance,  a  special  diet,  it  often  l>ecomei?  nece?- 
sar}'  to  make  the  analyses  for  nitrogen  in  order  to  determine  whether 
or  not  the  individual  is  losing  or  gaining:  protein  or  is  in  equilibrium. 
It  is  important  also  to  bear  in  mind  that  nitrogen  or  protein 
equilibrium  may  be  established  at  different  levels.  If.  for  instance. 
a  man  is  in  nitrogen  equilibrium  on  a  diet  containing  10  pms.  of 
nitrogen  per  day,  what  will  happen  if  the  protein  in  thi?;  diet  is 
doubled?  Our  experience  teaches  us  that  the  extra  10  gms.  of  nitro- 
gen or  02.5  gms.  of  protein  are  not  stored  in  the  body  indefinitely. 
As  a  matter  of  fact,  the  extra  protein  is  metabolized  in  thelxxiyand 
nitrogen  equilibrium  becomes  established  at  a  higher  level.  ^Vher^ 
as  under  the  first  condition  10  gms.  of  nitrogen  entered  the  body 
in  the  form  of  protein  and  10  gms.  of  nitrogen  left  the  body  in  the 
form  of  nitrogenous  excreta,  under  the  second  condition  20  gm? 
of  nitrogen  are  consumed  per  day  in  the  food  and  20  gms.  art- 
lost  per  day  in  the  excretions.  The  total  mass  of  protein  tissue  in 
the  body  may  remain  the  same,  or  if  any  increase  takes  place  at  the 
beginning  of  the  change  in  diet  it  soon  ceases.  Experimentally  it  t> 
found  that  there  is  a  certain  low  limit  of  protein  which  just  sulRoe^ 
to  maintain  nitrogen  equilibrium,  and  between  this  level  and  the 
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capacity  of  the  body  to  diK^'st  mul  absorb  protein  food,  nitrogen 
Equilibrium  may  be  inaintainrd  upon  any  jjiven  amount  of  protein. 
Carbon  Equilibrium  and  Body  Equilibrium. — The  term  'Var- 
bon  equiiibriuni''  is  sometimes  used  to  describe  the  e*jnditiein  in 
irhicb  the  total  carbon  of  the  excreta  (in  the  carbon  dioxid,  urea, 
Btc.)  is  balanced  by  the  carbon  of  the  food.     It  is  possible  tliat  an 
Individual  may  be  in  nitrojjen  equilibrium  and  yet  be  losing  or  pain- 
ing in  weighty  sinee,  althoaji:h  thr*  consumption  of  proteins  may  just 
|>e  covered  liy  the  pruteins  of  the  fund,  so  far  as  the  nitrogen  is  eon- 
•emed,  the  supply  of  food  may  be  greater  than  the  body  needs  or 
can  destroy,  and  the  excess  may  be  stored  in  the  body  in  the  form  of 
glycogen  or  fat,  or,  on  the  other  hand,  the  supply  of  ener^'-yielding 
food  may  be  h^ss  than  is  necessary'  to  cover  the  ne(»ds  of  the  body 
and  some  of  tlie  fat  of  the  body  may  bo  oxi<li/ed.     In  the  first  case 
the  carl)on  absorption  would  exceed  the  carbon  excretion — there 
would  Ix*  a  plus  carlKui  balance;  in  the  second  case  the  reverse 
would  hold.    In  the  same  way  wv  may  s|>eak  of  u  water  eQuilibrium 
or  a  salts  equililirium.  althouKli  tht^se  terms  are  not  generally  used. 
An  aduh  under  n<irnial  conJitions  lives  so  as  to  maintain  a  pen- 
eml  body  e(^uilibrium;  his  ingestaof  all  kinds  are  htdanced  by  the 
correspondinn  excretions,  ^ind  the  individual  maintains  a  practi- 
cally c(»nstant  body-weijj^ht. 

Complete  Balance  Experiments — Respiration  Chamber. — 

According  to  the  statements  made  in  the  last  paragraphp  it  is  obvious 

that  if  the  analytical  work  is  properly  done,  an  exact  balance  may 

be  drawn  between  the  proteins,  fats,  and  carbohydrates  eaten  as 

food  and  the  proteins,  futs,  and  carboliydrates  tiestroyed  in   tlie 

body  aa  representeil  by  the  nitrogen  and  carbon  conUiined  in  t[ie 

excreta.     Complete  experiments  of  this  kind  were  attempted  first 

by  Voit  *  and  Pettenkofer,  to  whose  work  much  of  our  fundamental 

knowle<ige  is  due.     In  the  experiments  of  these  autliors,  made  iijx)n 

men  as  well  as  animals,  the  total  nitrogen  of  the  urine  and  feces  was 

determined  and  tlie  total  quaiUity  of  VO.,  given  off  from  the  lungs 

was  estimated.     This   last   determination   was  made   possible  by 

placing  the  indivichial  in  a  specially  ronstnicted  chamber  or  rcsfn- 

ration  apjxiratn.s.     Air  was  drawn  through  tfiis  rmim  by  means  of 

a  pump.    The  total  quantity  of  air  passinj:  through  the  room  was 

measured  by  a  gasometer  and  defnute  fractious  were  drawn  off 

from  time  to  time,  which  were  analyzed  for  COj.     From  the 

figures  thus  obtainc<i  it  was  pussii>le  to  estimate  the  entire  CO, 

given  off  during  the  periiid  of  observation.     Knowing  the  total 

nitrogen  and  carbon  eliitnnated,  it  was  possible  to  estimate  the 

amount  of  protein  and  fat  or  carbohydrate  destroyed  in  tlie  body. 

From    the   nitrogen    the   quuntity    of    protein    metabolized    was 

♦  See  Irlenuaan'a  "  ilandbuchder  Phyaiologie, "  vol.  vi,,  1881. 
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obtained  by  multiplying  by  6.25,  as  explained  above.  If  Iheo 
the  carbon  belonging  to  the  ainount  of  protein  metaboliicd  was 
deducted  from  the  total  carbon  excreta,  what  was  left  represeQted 
either  fat  or  carbohydrate  burnt  in  the  b*xiy.  and,  knowing  the 
amount  of  these  materials  taken  in  the  diet,  it  was  poaslhlf  tn 
ascertain  whether  the  corresponding  amount  of  carbon  had  all 
been  excreted.  By  experiments  of  this  kind  a  nearly  j>erfcrt 
balance  may  be  struck  between  the  income  and  the  outgr' of  the 
body.  Absolute  accuracy  is  not  sought  for,  since  the  material 
eaten  vary  somewhat  in  composition  and  snme  little  of  the  carUm 
or  nitrogen  excreted  is  found  in  the  secretions  from  the  skin,  the 
saliva,  etc.,  which  are  not  usually  exanune<i. 

More  recent  experiments  made  in  this  country  imder  the  direc- 
tion of  Atwater*  have  attempted  to  balance  not  only  the  maUrial 
income  and  outgo  of  the  body  during  a  given  period,  but  also  the 
income  and  outgo  of  energy.  For  this  purpose  the  individuala  ex- 
perimented upon  were  placed  in  a  ver>'  carefully  constructed  re^ 
ration  chamber  so  that  their  expire<i  air  could  be  analyzed  as  i 
as  the  urine  and  feces.  The  chamber,  however^  was  also 
to  act  as  a  calorimeter  (see  p.  947)  by  means  of  which  the  heat  j 
off  by  the  person  could  1^  measured.  The  heat  value  of  the  i 
being  known,  it  is  possible  in  this  way  to  ascertain  whetlier  or  not 
this  theoretical  amount  of  heat  is  actually  given  off  from  the  body. 
Atwater's  respiration  chamlx^r  is  described  as  a  respiraHon  calonm- 
eter;  some  of  the  results  obtained  from  its  use  are  referred  to 
later  on. 

The  Effect  of  Non-protein  Food  on  Nitrogen  Equilibrium.— 
B>  use  of  the  methods  referred  lo  dbuvc  the  general  intinenreof 
the  non-protein  foods  (fats,  carbohydrates)  upon  the  protean 
consumption  of  the  iKwJy  has  bwn  made  evident.  An 
may  l>e  brought  into  nitrogen  equilibrium  on  protein  food 
the  amount  of  protein  required  being  relatively  large.  If  now 
non-protein  foodstuffs  are  added  to  the  diet  it  is  found  that  the 
amount  of  i)rotein  necessary  to  maintain  nitrogen  equilibrium  may 
be  reduced  correspondingly.  With  reference  to  the  consumptioD 
of  protein  in  the  Ixwiy  the  non-protein  focxis  are  all  proUin'Sftartn. 
and  herein  lies  one  great  peculiarity  of  their  nutritional  value. 
On  a  rabced  diet  of  protein  and  non-protein  food  the  proiwrtioa  d 
the  latter  may  be  increa.seii  and  that  of  the  former  decreased  to  a 
marked  extent  without  breaking  do>\'n  nitrogen  eipiilibriuiD— 
that  is,  without  causing  a  loss  of  protein  tissue  from  the  body. 
This  fact  is  explained  by  the  consideration  that  in  our  l>04ly  the 
food  fulfils  two  great  functions.  First,  it  furnishes  the  uuitrtial 
for  the  formation  of  new  living  matter  or  the  re[»lacement  of 
*  Atwater,  Bulletins  45.  63,  60,  United  Stat«fi  Department  of  Agriculturt 
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the   loss  of  this  matter  that  is  continually  going  on;  second, 
it  furnishes  a  supply  of  cntTgy  for  the  heat  tjf  the  body  and  for  the 
^rork  done  by  the  various  ceils,  the  contrai'tion  of  the  muscle,  the 
secretion  of  the  gland,  the  discharges  of  the  nerve-cells,  etc.     This 
second  function,  the  energ>'  rcquirenient,  is  met  by  any  of  the  three 
energy-}^^lding  food-stuffs,  carbohydrates,  fats^  or  proteins^  es- 
p>eciaUy»  as  we  shall  find,  by  the  carbohydrates.     For  the  first 
function  protein  (or  its  split-products)  is  absolutely  needed,  and 
p€?rhaps  is  alone  needed.     In  any  event,  if  the  supply  of  non-pro- 
tf'in  is  sufficiently  large,  then  the  amount  of  protein  can  be  lowered 
to  a  certain  irreducible  minimum,  which  is  required  for  purposes 
of  genuine  assiniilatifm,  that  is,  the  construction  of  living  material. 
The  Nutritive  History  of  the  Protein  Food,~Thc  digestive 
changes  undergone  by  prcjtein  and  its  subsetjuent  absorption  have 
been  described  in  the  section  on  Digestion.     It  will  be  remendwred 
that  the  view  adopted  was  that  the  proteins  are  completely  hydro- 
lyzed  into  their  amino-acids  and  in  this  form  are  absorbed  into  the 
bI(X>d  and  distributed  to  the  tissues.     The  blood  from  the  intes- 
tines passes  first  through  the  liver  before  reaching  the  general  cir- 
culation, and  a  question  to  lie  determined  is  whether  the  amino- 
acids  are  acted  upon  in  any  specific  way  by  the  liver.    On  this 
point  opinions  have  differed  greatly.     After  a  meal  the  amino- 
acids  in  the  blood  and  in  the  tissues  generally  are  increased  in 
amount,  and  this  fact  would  indicate  that  these  substances  pass 
through  the  liver  without  uiulergoing  any  intemiefliate  metabolism. 
They  are  disseminated  over  the  btidy  at  large  and  undergo  their 
subsequent  metabolic   changes  in  the  several    tissues;   but  it  is 
probable,  as  is  explained  below,  that  one  stage  in  the  metabolism  of 
some  of  these  amino-acids  may  be  carried  out  csj>ecially  in  the  liver. 
Concerning  the  further  Juston,''  of  the  amino-acids  or  the  nature 
of  the  proces.ses  of  protein  metabolism  in  the  tissues  there  have 
been  many  different  theories  and  points  of  view.*    It  would  be 
confusing  to  give  summaries  of  these  diverging  theories,  and  it  may 
suffice  to  indicate  briefly  the  conception  that  seems  to  be  most 
in  accord  with  recent  work.     It  may  be  accepted  as  a  necessary 
conclusion  that  some  of  these  nmino-acids  are  recombined  by  syn- 
thetic processes  to  form  organized  protein,  of  the  kind  character- 
izing the  particular  tissue,  for  only  in  this  way  can  we  understand 
how  the  wear  and  tear  of  the  tissue  is  replaced  or  how  new^  protein 
is  made  in  the  growing  animal.     Whether  this  synthetic  combina- 
tion is  effected  by  endo-enzymes  or  under  the  influence  of  the  living 
protein  of  the  cells  cannot  be  stated,  but  we  may  assume  that  the 
several  amino-acids  which  enter  into  the  structure  of  that  particular 

•  For  a  review  of  theae  theories  consult  Mendel,  "Ergebnkse  der  Phya- 
iologiL'/  n,  418,  1911. 
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kind  of  protein  are  combined  in  general  after  the  manner  of  the 
formation  of  polypeptids  p.  1010).  This  portion  of  the  nitrogenous 
material  that  is  used  to  replace  tissue  waste  or  to  provide  new  tissue 
has  long  been  designated  as  tissue  protein,  and  in  the  adult  ani- 
mal a  relatively  small  fraction  of  the  nitrogenous  food  may  suffice 
for  this  purpose.  The  balance  of  the  nitrogenous  material  is  used, 
in  all  probability,  not  for  tissue  maintenance  or  tissue  growth,  but 
as  a  source  of  energy.  When  the  protein  food  is  large  in  amount 
the  greater  portion  no  doubt  fulfils  this  function.  When  the 
protein  food  is  reduced  to  minimal  proportions  the  amount  left  for 
energy  purposes  is  diminished  correspondingly.  It  will  be  shown 
later  that  ordinarily  we  eat  more  protein  daily  than  is  required  to 
cover  our  tissue  wastes,  that  is,  to  provide  the  necessary  tis8u^ 
protein,  so  that  on  a  customary  diet  it  is  probable  that  a  good  pm- 
portion  of  the  products  of  protein-digestion  is  used  to  furnish  energy 
rather  than  to  construct  tissue.  The  further  history  of  the  por- 
tion used  for  energy  purposes  is  not  wholly  known,  but  the  main 
point  is  that  the  amino-acids  constituting  this  portion  undei^ 
deaminization.  The  NHs  group  is  split  off  to  form  ammonia  that 
is  subsequently  converted  to  urea  and  excreted,  while  the  organic 
acid  radicle  which  is  left  is  oxidized  to  furnish  energ>'  or  b  built  into 
sugar  or  fat  and  oxidized  at  some  later  period.  This  portion  of  the 
amino-acid,  therefore,  may  be  r^;arded  as  a  source  of  ener©' 
entirely  equivalent  to  that  furnished  by  the  non-protein  elements 
of  the  food,  the  carlx)hydrates  and  the  fats.  If  we  grasp  the  funda- 
mental idea  that  from  the  supply  of  amino-acids  furnished  to  the 
tissues  by  the  digested  food-proteins  certain  ones  are  selected  to 
construct  the  peculiar  tissue-protein  of  the  animaU  so  far  as  thi?  is 
required  for  growth  or  tissue-repair,  then  it  is  evident  that  the 
balance  is  not  needed  as  nitrogenous  material,  and  its  nitrogen  is 
removed  by  deaminization.  while  the  remainder  of  the  molecule 
serves  for  purpos(»s  of  energ\'-supply,  just  as  the  non-nitrogenous 
fooil-stuffs  might  tio.  We  may  suppose  that  it  is  the  excess  amino- 
acids  not  used  in  tissue  construction  that  undergo  this  fate. 

A  thin!  possibility  in  reg:ird  to  the  fate  of  the  amino-acids.  or  rather  the 
ubsorbetl  i)r(n1ucts  of  protein  »lip*stion.  has  been  disou^jtfcd  more  or  Icas  it 
times  in  physioloRV'.  In  a<lditi<in  to  the  portion  that  is  applied  to  the  t^V^ 
or  construction  of  tissue,  it  has  IxH'n  held  that  another  jwrtion  may  bc^>> 
thesizoti  to  a  fonn  of  non-organize*l  or  non-livinR  protein  held  as  a  s>rtoi 
stor:\pe  supply  in  tlie  Uquids  of  the  Inxly.  that  is.  the  blood  and  lymph.  It 
hxs  been  supposeii  that  this  material  is  calleti  upon  first  In  faf^tinft  or  starvi- 
tion.  and  that  it  constitutes  an  easily  useii  form  of  protein  food  of  Umitftl 
amount  which  is  designatt\l  as  circuiatiHg  or  storage  protrin.  Our  knowlrtiff 
in  regard  to  this  material  is  quite  indefinite  at  present.  Certainly  none  of  tbt 
known  proteins  of  blood  or  lymph  seem  to  disonarEe  this  function. 

It  was  supposetl  fonnerly  that  the  process  of  deaminization 
of  the  excess  of  the  amiuo-bodies  is  accomplished  mainly  in  the 
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liver,  but  this  view  has  been  brought  into  question  lately.* 
That  the  process  takes  place  In  the  Ixidy  is  beyond  doubt,  and 
it  is  likely  that  the  liver  shares  in  this  activity  even  if  it  is  not 
the  chief  tissue  concerned.  That  the  botly  is  able  to  build  up 
its  own  protein  from  a  mixture  of  aniino-acids,  such  as  is  pro- 
duced in  a  completer  fligestive  hydrolysis  of  protein,  has  been 
demonstrated  beyond  doubt  by  feedinK  experiments  in  which 
the  nitrop:enous  food  was  all  supplied  in  the  form  of  such  a  mbc- 
turc.  The  fin^t  experiments  of  this  kind  were  maile  by  Loewi.f 
He  fed  dogs  on  a  diet  consistinp;  of  fats,  carliohydrates,  and  protein 
which  had  been  sulnnitted  previously  to  a  prolonged  pancreatic 
digestion  until  it  was  completely  hydrolyzed.  On  this  diet  the 
animal  w;%s  niaintaineil  in  uiln>Keii-equi]ibriuni.  This  experiment 
has  been  verifier!  and  extenclfnl  by  others  on  man  as  well  as  upon 
dogs,  and  indeed  Al)derhaldeu  and  Rona  report  that  they  have 
been  able  to  keep  a  dog  not  only  in  DJtrogen-e<:iuilil>rium  but  with 
a  plus  balance  of  nitrogen  when  fed  on  the  split  produrls  of  meat 
alone,  without  adtiition  of  fats  or  carbohydrates.  This  last 
experiment  would  indicat^:^  that  the  aniinfwbodies  not  only  give  to 
the  body  materia!  from  which  it  can  reconstruct  its  own  protein, 
but  they  furnish  also  a  tisnble  source  of  energy  for  the  lx>dy 
needs,  a  result  which  we  can  understand  on  the  hj'pothesis  men- 
tioned above,  according  to  which  the  amino-aeids,  after  removal 
of  the  NH3  group,  furnish  an  organic  acid  residue  capable  of  further 
oxidation  or  of  synthesis  to  fats  or  carbohydrates. 

We  may  nrrppt  as  a  ckar  rfsull  of  niixlem  invnstipntinn  thai  the  body  ia 
capable  of  biiilfiiiig  wp  its  protein  from  such  rrljitivrly  Kiinpli'  suhsLHncrH  as 
the  amino-aeids,  in  fart  the  (evidence  ptxti  to  sliow  1  hat  normally  it  is  from  these 
amino-ari(ls  that  the  nitropennus  material  of  ihe  body  protein  is  derived. 
This  strikinK  result  ha^  UM  invpstiKalorH  to  tt^t  whether  the  body  may  utilize 
aourees  of  iiitntKeii  of  even  sitrifiler  eonstniction,  sueh.  for  example,  a»  the 
organic  or  inon^muc  .salt»  of  anuiionia.  It  hufi  Iodk  bivn  kmiwn  that  the  planl 
organism  utilize  inorganic  fomiH  of  nitrogen,  nvirh  an  the  ammonia  saltx**  or  the 
nitratee,  in  building  up  itn  protein,  and  it  has  Iohr  be<'n  believed  that  the 
animal  prntvip]a.'*tii  i.s  not  ahU-  to  utilize  the^^e  nOIs  in  (he  s-iine  way.  that,  in 
other  worls.  its  nmres^e^  of  h\Tithf^i.s  so  far  as  tlie  protein  rnalerial  i«  eonoerne<i 
are  mnn^  ItinitiMJ  than  in  the  plants.  It  has  been  taught  universally  that  ani- 
mals for  ihe  roust  met  iun  *if  new  tinsue  uiuwt  have  their  nit  roKeuous  foo<l  in  the 
form  of  protein,  or.  a  n*cent  luldition,  in  the  form  of  the  split-prwluctii  of  pro- 
tein. Several  obs/Tvers  repttrl  (see  ( Irafe,  "Zeitsehrift  f  physiolog.  chemie.," 
78,  485,  ll>!2>  that  when  animals  an*  fed  in>on  an  ahundanci*  of  earbohydratc 
food  together  with  some  ammoniji  naU,  nnch  as  ammonium  citrate,  acetJate,  or 
carbonate,  they  may  maintain  :i  (xisitive  nitroReri  balanee  for  long  periods. 

In  the  rm'talwlL^m  of  the  ainino-aciilH  in  the  bi>dy  it  is  reeognizefl  that  bv 
diaminiaation  and  oxidation  an  oxyaeid  or  ketonic  aeid  may  t>e  produced,, 
and  it  is  suggeHtotJ  that  this  proeoss  may  be  reversed,  that  an  oxyaeid,  lactic 
acid  formejfrom  smgar,  may  combine  with  ammonia,  fumidhed  by  an  axn- 

•  See  Fiskc  and  Summer,  ".hmmal  of  Biological  Chemistry,"  18,  285,  1914. 
t  For  the   literature  connult  Liithje,   "Krgebnisse  der  Physiologie,"  vii, 
1908,  or  Abderhalden,  "Synthew  der  Zellbaust<Mne,"  etc.,  1912. 
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monia  salt  in  the  diet,  to  produce  an  amino-acid,  according  to  the  revcnible 
equation — 

CH/3HNH,CXX)H  +  H,0  li  CH/^HOHCOOH  +  NHi. 

If  this  is  true,  then  it  might  follow  that  an  inorganic  salt  of  ammonia  eooU 
under  certain  conditions  supply  the  nitrogen  necessary  for  the  constnietiao 
of  body-proteins,  or  at  least  for  some  of  the  amino-acids  concerned  in  tUi 
synthesis,  llie  matter  is  still  under  investigation.  Some  obeerven  (UDde^ 
hill  and  Goldschmidt,  "Journal  of  Biological  Chemistry,"  15,  341,  1913) 
state  that  there  is  a  difference  in  this  respect  between  the  inorgjuuc  ud 
organic  salts  of  ammonia  so  far  as  the  animal  body  is  concerned.  With  tbe 
inorganic  salts  (ammonium  chlorid)  and  non-protein  food  no  evidence  em 
be  obtained  of  the  utiUxation  of  the  ammonia,  with  the  organic  salta,  on  tbe 
contrary  (ammonium  citrate  or  acetate),  there  is  a  marked  decrease  in  \ht 
nitrogen  loss  when  the  animal  receives  in  addition  only  non-{irotein  food. 
Other  observers,  however,  doubt  the  application  of  these  results  to  dotdiI 
nutrition.  It  is  possible^  for  example,  that  the  utilisation  <A  the  ammooii 
salts  may  be  effected  indirectly  through  bacterial  action  in  the  intestines. 

The  Amount  of  Protein  Necessary  for  Nonnal  Nutrition.- ' 

As  was  stated  above,  nitrogen  equilibrium  may  be  maintained  on 
different  amounts  of  protein  food.  It  is  important,  from  i 
scientific  and  from  an  economic  standpoint,  to  determine  the  low 
limit  for  this  equilibrium  and  to  ascertain  whether,  for  the  purpose 
of  the  best  as  well  as  the  most  economical  nutrition,  this  low 
limit  is  as  good  as  or  preferable  to  a  higher  amount  of  protein  in 
the  diet.  Examination  of  the  dietaries  of  civilized  races  shows 
that,  on  the  average,  100  to  120  gms.  of  protein  are  used  daily  by 
an  adult  man.  Voit  gives  118  gms.  of  protein  as  the  averse 
daily  consumption.  A  variable  portion  of  this  amount  passes 
into  the  feces  in  undigested  form,  but  we  may  assume  that  &\mi 
100  to  105  gms.  are  absorbed  and  actually  metabolized  in  the  Ixxiy. 
If  we  take  into  account  the  weight  of  the  body,  this  amount  of 
protein  may  be  estimated  as  equivalent  in  round  numbers  to 
1.5  gms.  of  protein  (or  0.23  gm.  nitrogen)  per  kilogram  of  btxly- 
weight.  In  recent  years  serious  attempts  have  been  made  to 
ascertain  how  low  this  daily  quota  of  protein  may  be  reduced 
without  destroying  nitrogen  equilibrium  or  injuring  the  effective 
ness  of  the  body  for  muscular  or  mental  work.  Siven  was  able 
for  short  periods  to  reduce  his  daily  diet  of  protein  to  as  little  as 
0.5  gm.  (O.OS  gm.  N.)  per  kHo  of  body  weight,  but  probably  the 
most  important  experiments  of  this  kind  are  those  carried  out 
by  Chittenden.*  In  this  work  the  ojcperiments  were  continued 
over  long  periods  of  time,  and  were  made  upon  three  different 
groups  of  men,  five  university  teachers,  a  detail  of  thirteen  men 
from  the  Hospital  Corps  of  the  Army,  and  eight  imiversity  students 
classed  as  athletes.  The  general  result  of  the  investigation 
showed  that  the  body  can  be  maintained  in  protein  equilibrium 

•  Consult  Chittenden,  "Physiolopcal  Economv  in  Nutrition,"  New  York, 
1905,  for  discussion  and  literature.  See  abo  llinhede,  "Skandinaviscfatf 
Archiv  f.  Physiol.,*  .30.  97,  1913. 
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and  in  a  normal  state  of  effic^ient-y  upon  a  diet  containing  only 
30  to  50  gnis.  of  protein  per  day,  according  to  the  weight  of  the 
individual — or,  expressed  in  more  general  terms,  the  daily  quota 
of  protein    per    kilo    of  weight  may  be  reiiuced    from  1.5  gms. 
(0.23  gm.  N.)  to  about  one-half,  that  is,  t).75  gni.  of  protein  or 
0.12  Kni.    of   nitrogen    per    kilo.     This   general   result   hiis   been 
confirmed  on  a  large  scale  by  the  studies  made  by  McCay*  of 
the  metabolism  of  the   Bengalis  of   India.     He  finds  that   the 
average  Hengali  metafioHzes  in  his  body,  so  far  as  may  be  judged 
ft^im  the  nitrogen  excreted  in  the  urine,  only  about  ^^7.5  gnis.  of 
protein  daily,  corresponding  to  a  consumption  per  kilo  of  0.7  gm. 
of  pn>tein  t.ir  0.1  Ki  gni.  of  nitrogen.     A  correspomiing  average 
wnount  of  protein  is,  of  course,  eaten  daily,  and  on  this  low  pro- 
tein diet  they  exist  in  apparent  health,     Rubnerf  also  empha- 
sizes the  fact  that  milk,  which  forms  the  sole  diet  of  the  infant,  is 
*  protein  poor  food.     The  usual  daily  ^liet  of  the  adult  has  a  heat 
^'alue  of  from   240()  to  :iU<>0  calories  (see  p.  040).     Of  this  total 
heat  value  the  protein   food  in  the  <liets   usually  reconitnended 
forms  about  b5  to  20  per  cent.     In  niilk^  however,  according  to 
Hubnei*s  estimates,   the  protein  constitutes  only  about   10  per 
cent,  of  the  total  heat  value.     As  the  result  of  these  and  similar 
investigations,  the  practical  questitm  presents  itself  as  to  what 
con.stitutes  the  optimum  daily  quota  of  protein.     If  the  body  can 
be  kept  in  good  cnriditi<*n  upon  0.75  gm.  per  kilo  per  day,  will  an 
ingestion  of  more  than  this,  say  twice  as  much,  prove  injurious 
or   beneficial  or  indifferent  to  the  body?     Outsiile  its  hygienic 
Aspect  the  r^uestion  is  important  from  an  economical  standpoint, 
since  the  proteins  are  the  most  expensive  fo(j<lH,  and  in  the  feerling 
of    large   masses  oi  in<liviiluals — armies,  schoola,  asylums,  etc. — 
it  is  not  desirable  to  waste  money  on  j>rot€in  food   if  it  is  not 
neede<l.     The  full  and  satisfactory  answer  to  this  <(uestion  nmst 
be  deferreil  until  more  experience  is  obtaine<^l.     The  report  upon 
the   Bengalis,  noted   above,  wouhl  seem  at  first  U*  constitute  a 
satisfactory  demon.stration  of  the  practicability  of  a  htvv  protein 
diet,  but  McCay  states  that  the  Bengali  is  inferior  physically  to 
the  average  European,  and  is  particularly  deficient  in  capacity 
for  muscular  work,  and  he  is  iticliiicd  to  attribute  this  iufcriority 
to  the  diet.    Moreover,  the  Bengali  is  quite  susceptible  to  kidney 
troubles,   a  fact   which  seems   to  destroy  one   prediction  often 
made  by  those  who  advocate*  a  low  protein  diet,  namely,  that  the 
smaller  amount  of  work  thus  thrown  on  the  kidneys  would  result 

•  McCay.  *'The  Met-aboliam  of  the  Bengalis.  Calcutta,"  1908.  (Scientific 
Memoirs,  Me<licjil  Department  (lOvernrDcnt  of  India,  No.  34.)  Also  later 
report  upon  Jail  DicuriPH,  ibid  ,  No.  37,  1910. 

t  Ruhner.  "Una  Preihlpin  den  lyhf'nstiaupr/'  1908;  Cohnheim,  "Die 
Phyeiologie  der  Vcrdiiuung  u.  Erniihrung,"  lt)OS, 
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in  a  diminution  of  diseases  of  the  kidney.    The  newer  conceptions 
in  regard  to  the  digestion  and  nutritive  historj'  of  the  protein 
foods  certainly  seem  to  favor  the  adoption  of  a  low  protein  diet 
If  protein  is  eaten  in  excess  of  the  real  assimilation  needs  of  the 
tissues,  all  the  excess,  so  far  as  we  can  see,  might  just  as  well  be 
substituted  by  carbohydrate  or  by  carbohydrate  and  fat.    The 
excess  nitrogen  thus  eaten  appears  to  be  so  much  useless  balList 
which  the  body  verj'  promptly  gets  rid  of.     The  uncertain  point, 
however,  is  what  constitutes  the  assimilation  need  of  the  tissuw. 
The  experiments  given  above  would  place  this  need  ven'  low, 
according  to  the  lowest  estimate,  at  about  5  per  cent,  of  the  total 
energy*  value  of  the  food.    That  is  to  say,  if  the  daily  diet  contains 
heat  energy  equivalent  to  2400  calories,  only  5  per  cent,  of  tbis, 
120  calories,  neeiis  to  be  in  the  forn:  of  protein,  an  estimate  which 
would  bring  the  protein  to  about  30  gms.  daily.     Many  objections 
have  been  urged  against  the  attempt  to  apply  this  apparently 
logical  conclusion  to  public  dietaries.    We  are  reminded  that  our 
knowledge  of  the  details  of  the  metaboUsm  of  protein  is  ven*  in- 
complete, and  it  is  not  certain  yet  that  in  the  long  run  a  low  protdn 
diet  would  be  entirely  without  injur>\     £Impha;?i$  has  been  laid 
also  upon  the  importance  of  pro\iding  what  Sleltxer  has  named  a 
**factor  of  safety."  that  is  to  say,  a  certain  margin  be>*oad  a  bare 
sufficiency  which  will  be  a  reser\-e  against  unusual  demantk,  but 
this  objection  simply  ser\"es  to  restate  the  question.     If  a  man  b 
aooustoineil  to  oat  100  gms.  of  protein  daily  and  >**!eniv  deraon- 
stnUes  that  ho  can  maintain  a  nitR»genoquilibriumon:ii>  en:^..^^ 
a  rx^asonablo  factor  of  Siifety  require  the  u<o  of  the  aiiiiti.'aai  70 
lEins..  or  would  jx^rhaps  a  total  of  50  or  tH)  em>-  wr  •iay  nii?^:  every 
nniuinnnont?     It  seoms  obvious  that  we  must  find  out  zh^  tr:*h 
in  this  matter  by  ol>st*r\*ation  and  experiment.     Ther^  is  onr  -vn- 
sidonttion  that  should  induiv  us  to  bo  cautious  in  rT-_sV-Tij-  ^  r^ii-a! 
ohauviv  in  iho  diotinc  of  oolioctions  of  indix'i'.iu^-.  suoh  iS  ±rz^^. 
institutions,  oto..  and  that  is.  that  our  instino:;vr?  apr^'iitr  r^^^eo'-:' 
loavi  us  to  s<vk  tho  higher  protein  vliot.   Wo  kn-  w  v^ry  i:t:V.  x.irr^i. 
aUnit  t'!:o  nuvlianism  of  those  appoti:o<.  ru:  as  a  :r-a-tcr    :' tV:. 
thoy  and  not  tho  rvsult>  of  science  ivntn,*!  :"•?  am*  ■m:  in-i  'i:z-i-( 
fvHxi  tb.at   wo  o:\t.     Soionoe  is  rapi'ily  dininz  -nfjmiiirL'C  *i-i* 
onablt^  us  to  cuido  or  ivntnVi  tho  apcv:i:o  : -r  :•:■•:  iz.  i  >  cs^->  •> 
and  r\^as*.n;ablo  way.  but  at  present  our  k:>'W.->i£*r  >  z*'  <i^--yv 
to  warrant  disrocirviinsi:  tho  boliiy  soiisa*i'.^n.s  whec.  as  ::i  'Zr  "a?^ 
in  Oti^-'-*'"-  '"*T  s^vm  to  otiose  a  sirjilar  :va.:".i»:c  jz  z»  rzj.  =iec 
uuvior  var>:air  oonditions.     Stu^lio^  «:•?  >.i:ecar><  se»r£^  :..  sc*:**  tii- 
riiankitivi.  loft  Co  the  ctiivian-.'e  kH  the  nat^iral  arceri-es.  hik^  i.-ruj-- 
whon  ix^sciibio,  adopter!  the  hish  pro:oiz  lev^ei  oc  *^j  to  !■>?  c=js-  y^ 
day.     ludoovh  the  unifomiitv  with  whiv-h  zhii*  Je-riH  zn^  "re^fc  :> 
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'consciously  inaiTitaiiuHl  is  n  striking  fact.     Among  the*  rich  as  well 
&s  the  poor,  and  in  races  very  differently  placed  iis  rfgards  quantity 
of  availahle  food,  Bubstantially  the  same  amount  of  protein  (SO  to 
100  jrms.)  is  consumed  daily  hy  each  individual.     The  elenietit  of 
■the  diet  which  varies  most  with-ly,  as  C'ohnheim  ]>oints  out  in  an 
interesting!  discussion  of  tliis  question,  iw  the  non-pnjteiu,  particu- 
larly the  carlx)hy4lr!ite  material.     Those  who  are  obliged  to  do 
much  mtjscular  work  to  earn  a  livinR  or  for  the  sake  of  pleasure 
(sport.s,  athletics)  add  to  their  daily  (juijta  of  protein  an  excess  of 
carlxjhydrate  food  to  furnish  tlie  rc(|uisite  energy.     On  the  con- 
trary, thusc!  whose  (hilly  life  recjuires  hut  little  mustnihir  exertion 
cut  down  the  earhohydrates  and  fats,  and  make  their  diet  relatively 
but  not  absolutely  rielier  in  protein.     That  mankind  has  rnatle  a 
mistake  in  adopting  instinctively  the  higher  pn>tein  level  can  hardly 
be  claimed  on  the  basis  of  (Hir  prcvsent  knowledge. 

Nutritive  Value  of  Different  Proteins. — If  we  consitler  all  the 
different  kinds  of  amniat  and  vegetable  fixMls  it  is  evident  that 
a  great  variety  of  proteins  must  he  utilized  in  nutrition.  For- 
merly, it  was  ti)e  belief  that  all  these  different  prnteins  (with  the 
exception  perhaps  of  gelatin)  have  an  equal  nutritive  value.  But 
the  knowle<lge  that  the  composition  of  these  proteins  varies  in 
r^^ani  to  the  number  and  character  of  their  constituent  amino- 
bodiee,  and  the  fact  that  each  animal  out  of  the  complex  oiTereil  to 
it  in  its  food  selects  certain  amino-acitis  in  certain  proportions  from 
which  to  reconstruct  its  own  peculiiir  iKxly-prot^-ins,  suggest  natu- 
rally the  thought  that  the  different  proteins  may  have  clifferent 
values  in  nutrition.  Experin\ents  have  demonstrated,  in  fact,  that 
this  is  the  case.  From  the  standpoint  of  supplying  the  energy 
needs  of  the  body  the  proteins  an',  so  f^ir  as  w<*  ken;w,  pretty  much 
of  the  same  value,  but  from  the  standpoint  of  supplying  material 
for  tissue  construction  they  may  differ  a  great  deal.  Some  pro- 
teins, when  fed  together  with  an  adequate  supply  of  non-protein 
material  and  water  and  wdts,  furnish  all  the  nitnigenous  eiun- 
pounds  necessary  for  maintenance  antl  growth;  others  under  the 
same  conditions  fail  to  sujjport  growth  or  maintenance,  or  both. 
The  former  group  may  be  spoken  of  as  complete  or  aileqwiie  pro- 
teins, the  latter  as  incornph'te  or  Inodeqmiie  proteins.  The  iliffer- 
ence  betwi*»*n  the  two  kinds  sc*ems  to  lie  in  the  character  f>f  the 
amino-acids  of  which  they  are  composed.  Some  of  the  aniino- 
acids  which  the  body  tissues  need  for  repair  or  growth  may  Ik'  made 
in  the  lK>dy  from  other  amino-jicids,  giycin,  for  example,  but  others 
apparently  must  be  furnished  in  the  pnjtein  of  the  food,  and  if  they 
are  lacking,  tissue  construction  is  not  possible. 

It  has  long  been  known  that  getiitin  is  an  inadequate  protein 
in  this  sense*.     It  is  digested  easily  and  absorbed  and  eventu- 
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ally  undorgoos  oxidulion  in  the  IkxIv  with  the  proclut-tion  of  carhon 
dioxid,  water,  and  urc*a.  The?  ener(0'  liberated  by  this  luetaliolam 
is  utilized  no  doubt  in  the  body,  and  the  ^latin  constitute  aa 
"energy-food"  similar  in  a  j^eneral  way  to  the  carbohydrale*  ud 
fats,  although  it^  various  iuiiino-at'ids  mu»t  give  it  to  some  extent 
a  .ypet'ia]  .significance.  The  itiijMjrtant  point  in  this  eonnectiou  » 
that  gelatin  alone  or  witli  rarl)ohyd raters  or  fats  does  not  suffice  lo 
niauilain  nitrogen  equilibrium.  It  does  not  supply  fully  the 
nitrogenous  material  needed  for  tlie  repair  of  tissue.  This  drfi- 
cieney  is  explained  by  the  faet  that  in  the  composition  of  thegrlatiQ 
certain  irnptirtant  aniin<.Haei<ls  are  lacking,  tr>'ptoplian  (indolanii- 
nojirojiionic  acid),  tyrosin  (ox>'phcnylaminopropionie  acid).  umI 
cystein  (tliioaniinopropionie  acid).  It  is  stated  that  if  a  dog  is  fed 
upon  a  diet  in  whi<^h  the  nitrogenous  material  is  representwj  only 
by  the  split  products  of  a  gelatin-hydrolysis  he  will  show  a  minus 
nitrogen  l>alance,  but  if  the  above-named  missing  ami  no-acids  aiP 
added,  particuli^rly  the  tr>'ptophan,  he  will  then  maintain  hw 
nitrogen  equilibrium. 

The  historj'  of  gelatin  oh  u  fwKl  i«  very  intcrtwtinn  and.  indeed,  in 
since  it  a^'rves  or  i^hould  serve  aa  a  warning  against  a  preniature  applio 
of  the  results  of  scientific  in  vest  illation.  A  couiJcnse*!  account  of  Ino  sub)Nl 
ifl  ^civen  by  Voil  in  Hermann's  Handbuch  der  Physiologic,  vol.  vi.,  p.  Ml 
It  would  set^m  that  on  aecount  of  the  high  nitrogen  content  of  the  |)jcUlin,jf^ 
the  fact  ihat  it  is  soluble,  tht-rc  was  a  tendency  to  attribute  to  it  an  iin 
nutritive  value.  The  fact,  too.  that  the  gelatin  could  be  obtained  from  I 
which  othenvise  were  bum<?d  or  thrown  away  was  imfmrtant  in 
a  means  for  the  econoniica!  feeding  of  the  poor.  The  matter  was  mq 
into  by  a  committee  during  the  French  Revolution  and  i*ut>sequent!y  1 
commisfiion  of  the  French  .Vciuleiny,  who  made  favorable  reports.  The  sq 
of  d\\rcet,  in  making  (gelatin  economically  by  a  new  proeess.  led  the 
thr'jpic  Society  of  Paris  to  requwt  the  Academy  of  N!e<licine  to  inv 
whether  gelatin  is  really  a  nutritious  and  healthy  food.  The  Ac 
appointed  a  cormniftsion  for  the  purp*38e  and  the  report  of  this 
pvihliHhetl  in  the  Anmil(*i  de  Chimie,  vol.  92,  1814,  was  moest  enthu 
Tliev  recommended  j^elatin  oa  a  inottt  nutritious  and  healthful  fmid,  ' 
natunU  iniiipidity  waa  corrected  by  the  addition  of  salts  and  savory  L 
On  the  ba«8  of  thia  report  the  article  was  largely  used  in  the  Dourishoient  of 
hot«pital  patients,  but  m  course  of  time  complaints  became  so  emphatic  thftt 
doubt  was  again  raised  as  to  its  real  value.  In  fact,  a  reaction  set  in.  IV 
second  gelatin  conuiiission  of  the  French  Academy,  1841,  a  commiflBOQ  d 
the  Netnerland's  Institute,  1844,  and  a  rerort  from  the  Academy  of  Medjfiw. 
Paris,  1850,  alt  condetuntNi  gelatin  as  useless  from  the  st-andpoint  of  nourisb- 
meni,  and  as  injuriou^t  rather  than  beneficial.  Thus,  as  so  often  happfn^ 
public  opinion  oecillated  from  one  extreme  to  the  other.  The  tnie  nhw 
of  the  Kt'latin,  as  we  understand  it  to-day,  was  established  by  Voit's  wpen- 
ments,  but  it  is  evident  that  something  remains  to  be  eicpUined.  It  is  ttA 
clear  why  it  cannot  be  home  better  in  a  <liet  when  used  in  quantity. 

Most  suggestive  results  on  this  question  of  the  nutritive  valu» 
of  the  different  proteins  have  been  obtained  in  a  series  of  experi- 
ments reported  by  Osborne  and  Mendel.*    These  observ-er^  txia^k 

•  Osborne  and  Mendel,  "Carnegie  Institution  of  Washington,  Publicatwtt 
156,"  part.H  I  and  II.  1911;  also  "Journal  of  Biological  Chemi*rtr>-,"  12.  47J, 
1912;  13,  233,  11H2.  and  15,  311,  1013. 
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use  of  rats,  which  were  fed  with  a  suitable  mixture  of  inorganic 
Jts,  carbohydrate,  fats,  and  Home  single  protein  representinjj;  the 
Die  form  in  which  nitrogenous  material  was  supplie<L  They 
found  that  in  iwldition  to  gelatin  the  protein  zein  obtained  from 
maize,  which  is  deficient  in  the  amino-afids,  trj^jtophan,  lysin,  and 
glycin,  is  also  an  inadequate  or  incomplete  protein.  Gliadin  and 
hordein  which  are  alcohol  soluble  proteins  obtained  from  wiieat, 
rye,  and  barley  when  fed  alone  sufficed  for  maintenance,  but  not  for 
growth.  A  young  rat  fed  upon  gliadin  alone  ceased  to  grow,  but 
did  not  lose  in  weight,  although  the  jwwer  of  growth  was  not  lost, 
since  at  any  time  siitisfactory  grou'th  could  be  re-established  by 
substituting  a  suitable  dietary  for  the  gliadin  mixture.  By  the 
same  methcxl  it  was  sho\\7i  that  the  leguminous  pruttnns  when 
fed  alone  are  inadequate  for  gro\\i:h,  although  in  this  case  appa- 
rently the  defect  is  not  due  to  lack  of  necessary  amino-acids,  but 
to  some  other  undeterniined  cause.  There  are,  however,  many 
single  proteins  which,  when  fetl  alone,  seem  t-ri  be  entirely  sufficient 
to  provide  all  the  necessary  nitrogenous  uiiitcrial  for  maintenance 
and  growth.  Such  proteins  arc,  fur  example,  casein  from  milk, 
edestin  from  hemp  neetl,  glutein  from  wheats  lat-talbumin  from 
milk,  vitellin,  etc.  Exi>eriments  of  this  kind  bring  out  in  a  decisive 
way  the  important  fundanu^ntal  fact  that  proteins  differ  among 
themselves  in  regard  to  their  utility  in  furnishing  material  for  cell 
repair  and  growth,  and  the  evideuL-e  at  hiuid  goes  to  show  that  the 
qualitative  differences  are  dependent  uiK>n  variations  in  the  amino- 
acids  of  which  they  are  composed.  A  protein-like  zein  is  inade- 
quate Iwvause  it  is  lacking  in  certain  essential  amino-acids,  namely, 
tryptophan  and  lysin.  Ciliadin  and  hordein  are  also  inadequate, 
so  far  as  growth  is  concerned,  because  they  lack  lysin.  If  the  miss- 
ing amino-acids  are  supplied,  either  directly  or  by  using  other  pro- 
teins, then  the  functicms  of  nuiintenance  and  growth  are  adequately 
supported.  In  an  ordinary  diet  we  ^lo  nut,  of  cours**,  use  single 
proteins.  Our  foods  contain  a  variety  of  proteins,  and  it  is  not  at  all 
probable  that  a  natural  diet  would  be  lat'king  entirely  in  any  of  the 
essential  building-stones.  Work  of  the  kind  described  above  helps 
to  bring  out  important  data  in  regard  to  the  particular  r6le  played 
by  the  tlifTerent  amino-aciiis.  In  time,  no  doubt,  it  will  be  possible 
to  descrilie  more  or  less  completely  the  transformations  that  each 
of  these  substances  undergoes  in  the  1x»dy  and  the  special  reactions 
that  may  depend  upon  certain  ones  of  them.  At  present  the  most 
evident  <;jutcome  of  the  wi>rk  reported  seems  to  Ix*  that  some  of 
these  amino-acids.  glycin,  for  example,  may  be  fonnetl  de  7iovo  in  the 
animal  body  by  synthetic  process4»s  or  by  transmutation  of  other 
amino-acids,  while  others,  such  as  tryptophan,  lysin,  and  probably 
tyrosin,  cannot  be  so  manufactured,  but  have  to  be  supplied  from 
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-without  in  the  protein  food.  It  Is  to  be  hoped  that  continufltion 
of  this  work  will  reveal  ultimatciy  the  nature  of  the  ehemical  rpar- 
tions  of  niaintpiianc'P  and  jjrowth. 

Vitamines  and  Other  Special  Substances. — From  the  staiiv 
ments  iiiiule  in  the  preceding;  pariigraphs  of  this  ehapter  one  miftht 
conclude  that  a  perfect  food  woulil  be  one  which  supplied  WKiuich 
non-protein  material  (fats  and  carbohydrate^)  for  the  encrK>"  nocd^ 
all  the  necessary  amino-acids,  and  the  esst»ntial  amountti  of  wain 
and  inor||j;anic  sjilts.     Tliis  conelusion  has  l>een  made  douhlfui  liy 
much  recent  work,  which  tends  to  show  that  in  addition  to  these 
fundamental  requisites  there  are  certain  accessory  materiaU  tbal 
are  necessary,  either  because  they  play  some  essential  rfiic  in  the 
syntheses  of  the  hudy  or  influence  in  some  more  imiiroct  way  the 
normal  tlirection  and  charneter  of  the  metabolism.     This  uncx- 
pectecl  result  may  \h^  illustrated  l)est  by  reference  to  the  oonditioo 
known  as  herilK»ri.     BerilxTi  is  u  disease  that  occurs  chiefly  aiaonit 
oriental  nati4>ns  that  make  j^reat  use  of  rice  as  a  fo<><I.     Thr  di;^ 
ease  takes  a  variety  of  forms»  but  the  characteristic  symptoms  aix' 
paralyses,  and  atrophy  and  contractures  of  the  limbs.    It  ha.^  been 
shown  that  the  condition  is  caused  by  hmiting  tlie  diet  exclitsiveiy 
ur  mainly  to  |x>lished  rice,  that  is.  to  rice  from  which  the  oulw 
layers  of  the  grains  hav<^  l)een  removed.     If  the  p<_»lishings  arr 
restored  to  the  diet  the  condition  tlisappears,  or  if  other  mulvrials. 
such  as  moat  and  barley,  are  used  with  the  polished  rice  thcdise** 
does  not  occur.     The  interpretation  placed  upon  these  results 
is  that  the  polishinj^s  iM)ntain  some  constituent  essential  to  body- 
metabolisms.     This  conclusion  has  been  much  strengthened  by 
experiments  on  fowls.    When  these  animals  are  fed  exi'lusively  on 
poli.she<i  nci"  they  develoj)  a  condition  (polyneuritis)  similar  lo 
beriberi  and  soon  die.    They  may  be  saved  by  adding  the  polLnhinfs^ 
to  the  diet  or  by  chanpciny:  the  diet.     Funk  has  shown  that  frnni 
the  polishinRs  of  rice,  and  from  many  other  of  the  ordinari'  food*. 
there  can  \w  isoliited  a  relatively  simple  nitrogenous  base  wbicb 
seems  to  resemble  in  structure  the  pyrimidin  bases  found  as  one 
component  of  nucleic  acid.*    He  designates  this  base  as  ntaminf. 
and  experinnnits  show  that  when  administered  to  an  aninuil  or 
patient  exhibiting  the  symptoms  of  l)t»rilK»ri  these  symptoiiL**  di^ 
appear.     On  the  basis  of  this  and  similar  work,  Funk  suggftrt* 
that  not  only  beriberi,  but  other  forms  of  disease  which  MCtn 
to  belong  to  the  same  class,  are  due  to  a  deficiency  of  vitamine* 
in  the  diet.     Scuivy  and  pellagra  may  l>elong  in  this  group,  and 
it  is  suggested  that  there  may  be  in  our  foods  soveral  of  thcs* 
vitamines,  each  with  .some  special  rdle  to  play.     They  exist  in  ihi* 
foods  in  very  small  quantities  and  their  physiological  importance 

•  For  a  grneml  wtAUunent  with  literature  sec  Fux^,  "Ergcbniase  tier  Phv^ 
iologie,"  13,  125,  1913. 
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Is  not  as  a  sour'^e  of  eneri^'  and  probably  not  as  direct  buildinK- 
Btones.  Just  how  they  influence  metabolism  cannot  yet  he  stated. 
It  is  passible  that  there  may  be  subntanees  in  our  foods  uther  than 
Ihe  vitainine,s,  as  above  desfrilx'il,  which  are  essential  in  someway  to 
inetalx)lism.  This  possibility  is  indicated  at  least  by  a  series  of 
BbBer\'Btions  retorted  by  several  observers,  especially  by  Osborne 
and  Mendel.*  They  found  that  young  rats  fed  on  a  diet  in  which 
the  prot<*in  wa*^  furnishi^d  by  purified  cjisein,  the  additional  energy 
material  by  starch  and  lard,  and  the  inorj^anie  salts  by  inilk  from 
whieh  the  protein  had  !>e(*n  nMiioved  (protein-free  milk),  grew 
remarkably  well  for  a  pt^riod  of  many  days,  but  subsequently 
aliowetl  a  sudtlen  loss  of  weight.  If  the  diet  was  cliansed  to  one 
consisting  of  dried  whole  milk  together  with  starch  and  lanb  normal 
growth  was  resumed*  and  a  similar  result  was  oblainr<l  if  j>urifi(sl 
butter-fat,  free  from  nitrogen  and  phosphorus,  wiun  atltlcd  to  the 
former  (iiet.  They  inttn-pret  these  experiments  to  mean  that  the 
butter-fat  supplie^j  some  essential  non-nitrogenous  ntalerial  not 
contained  in  the  lard-fat.  A  similar  material  is  contained  in  the 
fat  of  the  egg-yolk  i>r  of  the  liver  (coil-liver  oil), 

Th€  Specific  Dynamic  Action  of  Proteins. — This  somewhat 
indefinite  term  is  useti  by  Hubner  to  designate  the  fact  that  pro- 
tein foovis  secMn  to  increase  the  rnetab<>lie  pro<*esses  of  the  Ixwly 
to  a  greater  extent  than  the  fats  or  carliohydratcs.  This  pecu- 
Karity  may  be  demonstrated,  for  instance,  in  the  ease  of  an  animal 
that  has  been  starved  (eighteen  hours)  until  the  gastro-intestinal 
tract  is  free  from  f*MKl.t  If  the  heat- priMluetion  of  such  an  ani- 
mal is  determinetl  at  hourly  jH'riods,  it  gives  an  index  of  wliat  may 
be  called  it^  hnsa\  metalnjlism  when  living  on  the  material  within 
its  body.  If  in  this  condition  the  animal  is  fed  with  earlx>hydrate 
(glucose)  there  will  be  an  inen»fise  in  lieat  proiluction,  lasting  for 
three  or  four  hours,  which  may  artumnt  to  as  much  as  'M)  to  40 
per  cent.  Feeding  with  meat  or  witlj  s(jme  of  the  anuno-at^ids 
(glyein,  alanin)  causes  a  similar  but  more  niarke<l  increase  in 
metabolism.  After  a  large  diet  of  meat  the  increase  may  amount 
U>  as  much  iis  90  per  cent.  This  effect  upon  the  metaiK>lism  is 
exhibited  especially  by  proteins.  Many  explanations  of  it  have 
been  profiosed,  but  recent  experiments  imlicate  that  it  is  probably 
due  to  some  direct  stimulating  action  of  the  intennedian'  acids, 
Buch  as  lactic  or  pyruvic  aciil,  which  are  formed  during  the  Further 
metabolism  of  the  amin<>-aeids  in  the  body.  This  stimulating 
effect  of  proteins  may  furnish  a  physiological  explanation  of  the 
fact  that  in  hot  summer  weather  it  is  advisable  to  avoid  a  meat  diet. 

•O»»b<»mo  and  Mcntld,  "Journal  of  Biological  Chemij*try/'  15,  311,  1913; 
16,  423,  1913. 

t  Scip  LuHk,  "Journal  of  the  American  MfniicaJ  Association,"  iSeptcmber  5, 
1914. 


CHAPTER  XLVIIL 

mJTKlTiVE  HISTORY  OF  CARBOHYDRATES  AND  FATS. 

Ibe  Carbohydrate  Supply  of  the  Body.— The  avuhbk  cubo- 
hydrate  znatezial  of  the  body  consists  of  the  ^'cogen  foond  in  the 
tiasueSi  especially  in  the  Hver  (1  to  4  per  c^it.  or  mote)  and  moi- 
eles  (0.5  per  cent),  and  the  sugar  foimed  bvm  this  gl>coeen  and 
present  constantly  in  the  blood  to  the  anKMint  of  0.1  to  0J5  pff 
cent.  In  addition  it  is  believed  that  during  starvatkn  f^tyoopa 
or  sugar  may  be  made  from  the  protein  tissues  of  the  body,  and 
po^bly  abo  from  the  body  fat.  although  this  Utter  souree  is 
disputed.  The  supply  of  gjyc(^«i  under  nonnal  eoDchtioBS  ii 
maintained  chieHy  by  the  carbc^ydrate  food.  As  v«s  erphiiiHl 
in  the  section  on  Digestion,  the  starches,  sugais.  gumsu  etc 
which  constitute  the  carbohydrate  foodstuffs  are  crcntBaAr 
al^^rbeil  into  the  blood  as  simple  sugars,  chk^  dcxDwe.  bo 
pml^abhr  abo  some  le\nilose  and  galactose.  Tbese  asapit  smss 
c^mstitute  the  important  ^yc<^en  fonnef^  \Vis&  re^ara  lo  tk 
pi>»tMns  theanp  is  still  s^^me  difference  of  opink«i  as  lo  viKihc  i3 
\>f  tht^n  aw*  capable  of  yielvhng  fdyrocien  to  the  i>:«iy  A^«<da| 
the  nuxitsii  view  that  the  |wx>teins  in  (Spe^tyw  ire  srcn  zir^-  'iisr 
WMistitUtHit  anxiiKv^xxtirt:  the  que^ioc  o(f  trie  rp-lssicc  zc  *ttit  xc- 
t<Hiw\vxl  to  su|Ear-fonuatioD  may  be  apprMtri^c  ra.-ts:  T«RfciL7  :t 
in\-t>sti^ting  the  edect  of  feeding  tbe  -tifrc^fc:^  iziia->-Ara2f  «*• 
rat<^\  A  cvmvcnient  n^etJKxi  of  stuiyrag  ^ii^  rvfl^*  i*  v.  5f^i  ta? 
amini>-aoki$  to  ^k^p*  retxvfvd  diah«if  ry  tbf  :ai*  x  Tcjrriiant  _;» 
91-  ,  In  swch  aniir^ais  the  a2nr>i>s*^i<w  if  xtT--«r*<»z  ic  sacac  rS. 
ajKVtitf  in  the  urine  as  <:ugar  a&i  «i^  W  SfK^r:^i  vrnri:«r:  d&mrpr 
Kx;xTO>er,t^  of  this  kinii*  iDiS.'ai^e  -'•jet&r\"x  zza.'  i  r  arLitfr  .x  anim:- 
a**^kis  otfcn  y>t>jvi  sc^rar  is  \he  S>iy,  f:c  rXi^Lrut.  cryrm^  *-'«tiit  fe. 
ttfcr:x\  ar>vi  cl-:ar.u«:'<'  a-^-o^is   p.  ^C^  .     ^-f  zulj  'r^fdKT^   -j:i^r«i  c 

r,*A>  ^rvv  ^  cA-.vict'ci'-f  .N:r.x*rrv  Z't*-:  <::c*i  :c  crrr^M^i  n.  -^i*  :*itr 
t> 3fcS.v^:  ^^ii—v  liiA-k.Sf^-i  SfCwwc  zzti  I'^^r  iz.«£  'za  n-iis-unc z^r^i^ 
ars.:  ::  3s  ;>-'::;:::i*:oi  :hji:  —  itiir  f*ii-'ti  :c  r^e?*:  3f*:>;f:>  mi-  TnniiiL 

s;;5p^  '^'  'bse  'rii,v*i  >  ufs^iilly  i"r-:»*rfi  *:  ~s^  i'^^r      Tttt*  ■**!" 


lation  is  adjusted  so  that  the  percentage  of  sugar  in  the  bloi>d  is 
ViQpt  astoni?ihingly  constant,  l>et\veen  0.1  and  0.2  fx*r  cent.,  not 
cjniy  during  the  conditions  of  ordinary  living,  l)ut  under  such  an 
abnormal  condition  as  prolonged  starvation.  It  is  :tssumed  that 
this  ectnstancy  of  nomjiosition  is  effected  mainly  l>y  an  enzyme 
formed  in  the  liver  cells,  which  converts  tlie  glycogen  to  dextrose 
in  proportion  as  the  sugar  of  the  hlood  is  used  up  by  the  tissues, 
^d,  as  was  stated  in  the  chapter  on  Internal  Secretions,  this 
process  of  plyeogenolysis  may  be  accelerated  or  retarded  by  the 
itction  of  hormones  arising  in  the  ductless  glands. 

The  Intennediary  Metabolism  of  the  Carbohydrate  in  the 
Body. — ^iSome  of  the  carlxjhydrate  of  tfie  footl  may  be  usetl  in  con- 
Btructive  processes  in  the  boiiy,  in  the  i>uilcling  up  of  nucleic  acid, 
for  example,  but  for  the  most  part  it  is  supposed  to  be  an  energy 
food  and  eventually  is  oxidized  to  carbon  dioxid  and  water.  This 
oxidation  is  not  direct  or  inmiediate,  but  probably  takes  place 
through  a  number  of  steps.  Our  knowledge  of  thest*  intervening 
Stages  in  the  breaking  down  of  the  niolc<*ule  is  very  incomplete. 
It  is  generally  believed  tliat  the  initial  stages  are  of  the  nature  of 
li3''drolyses  or  cleavages  in  which  siane  of  the  chemical  energy  is 
Eberated  and  utilized,  while  the  final  stages  are  oxidations  in  which 
the  greater  part  of  the  available  energy  is  set  free,  probably  in  the 
form  of  heat.  Many  suggestions  liave  bc^Mi  maile  in  regard  to  the 
•uccessive  steps  in  the  metabolism,  but  perhaps  the  only  stage 
that  may  be  considered  as  demonstrated  Is  the  formation  of  lactic 
acid.  The  molecule  of  dextrost^  may  give  rise  to  two  molecules  of 
lactic  acid,  according  to  the  formula — 


t 


C*H,^.  =  2(C,H.O,) 


t  seems  probable  that  this  change  is  not  direct,  but  takes  place 
through  an  inter\'ening  production  of  such  comjKiunds  as  glyceric 
aldehyfle  or  methylglyoxal.  According  to  the  latter  \new,  the 
!ps  might  be  represented  as  follows: 


Mte 


CHuO*  — 2H/)  =  2(CHjCOCOH) 

Destroae.  Mrth>  IglyoxnJ. 

CHjCOCOH  +  H,0  =  CH.CHOHC00H 

MeUiylnlyoitBt.  Lactic  toid. 


It  is  known  that  from  many  of  the  tissues  of  the  lio<ly  an  enzjTne 
can  be  obtained  fglyoxalase)*  which  converts  methylglyoxal  to 
lactic  acid,  Regartiing  the  further  history  of  the  lactic  acid  there 
is  also  much  doubt.     In  the  first  placcj  lactic  acid  may  be  formed 


•  Dakin  and  Dudley,  "Journal  of  Biological  Chemistry,"  14,  155,  1913. 
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not  only  as  above  described  from  dextrose,  but  also  from  proteins 
through  deaminization  of  the  amino-acids. 

CH,CHNH,COOH  +  H,0  -  NH,  +  CH,CHOHC00H 

AlaniD.  Lactic  acid. 

The  lactic  acid  from  either  source  may  be  resynthcsized  to 
sugar  by  a  reversal  of  the  reactions  indicated  above,  or  it  may  be 
further  broken  down  and  finally  oxidized  to  carbon  dioxid  and 
water.  A  possible  series  of  stages  in  this  last  process  is  indicated 
in  the  following  reactions:* 

CH,CHOHCOOH  —  H,  =  CH,COCOOH 

Lactic  acid.  Pyruvic  acid. 

CHaCOCOOH  —  CO,  =  CHiCOH 

Pyruvic  acid.  Ac«Uc  aldehyde. 

CHiCOH  +  O  =  CH,COOH 

Acetic  aldehyde.  Acetic  acid. 

CHjCOOH  H-  40  =  2H,0  +  2CX), 

Acetic  acid. 

Most  of  the  abundant  amount  of  carbohydrate  taken  in  our  diuly 
diet  undergoes  no  doubt  this  final  oxidation  and  yields  up  its  avail- 
able energy  for  the  most  part  in  the  form  of  heat,  although  in  part 
it  may  be  used  in  muscular  work  or  in  other  ways — for  example,  in 
synthetic  processes.  The  details  referred  to  above  are  at  present 
uncertain.  The  steps  that  may  be  considered  as  establifshed  are 
represented  by  the  series: 

Glycogen  —  Dextrose  -^  I>actic  acid  — <-  Carbon  dioxid  and  watw. 

This  whole  breaking-down  process  is  frequently  referred  to  under 
the  designation  of  glycolysis.  Wc  must  l>elieve  that  the  serie?  of 
changes  designated  under  this  name  involve  the  operations  of  a 
number  of  different  enzymes,  and,  as  has  been  described  previously 
(p.  888),  the  internal  secretion  of  the  pancreas  takes  some  essential 
part. 

At  least  one  other  interesting  product  formed  from  supar 
has  been  detected  in  the  body,  namely,  glycuronic  arid.  Thi> 
substance  has  been  obtained  from  the  blood,  liver,  and  urine,  ami 
exists  usually  combined  with  various  toxic  or  injurious  substance?, 
such  as  the  phenols  or  camphor.  When  these  substances  are 
given  to  animals  or,  as  in  the  case  of  the  phenol,  are  formed  in  the 
body,  they  arc  apparently  conjugated  with  glycuronic  acid  and 

*  See  Neuberg,  "Biochemische  Zeitschrift,'*  53,  406,  1913. 
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excreted,  somewhat  as  the  phenol,  indol,  etc.,  are  conjugated 
■with  sulphuric  acid  and  excreted.  The  relationship  of  glycuronic 
acid  to  sugar  is  indicated  by  the  following  formulas: 

CHjOH  COOH 

(CHOH)4        (CHOH)t 

COH  COH 

Dextroiw.  Olycuroruc  acid. 

Whether  this  product  is  used  solely  for  protection  against  toxic 
substances,  or  constitutes  one  niemlier  of  a  normal  series  of  metabo- 
lisms of  the  Mijj^nr  molecule  has  u<jt  been  determined. 

Regulation  of  the  Sugar-supply  of  the  Body. — The  r^^lation 
of  the  sugar-supply  of  the  body  is  a  matter  of  the  greatest  im- 
portance. On  the  one  hand  we  have  the  process  of  the  conversion 
of  sugar  to  glycogen,  glycogenesis,  as  it  has  l>een  called,  and  the 
subsequent  gradual  reconversion  of  this  glycogen  to  sugar  (glyco- 
genolysifi),  iiccording  to  the  neetls  of  the  body.  On  the  other  hand. 
we  have  the  processes  of  consumption  of  sugar  in  the  tissues  for 
energy  purposes,  a  process  designated  often  as  glycolysis^  the 
nature  of  which  is  discussed  in  the  preceding  paragraph.  It  is 
e\ndent  that  these  various  processes  must  be  adapted  one  to  an- 
other, for  we  know  that  if  for  any  reason  the  percentage  of  sugar 
in  the  blooil  rises  l)ut  slightly  above  tlie  normal,  a  condition  desig- 
nated as  hypvrifbja'tttut,  there  occurs  an  escape  of  sugar  in  the 
urine  (glycoifuria).  Regulations  undoubtedly  exist  for  the  control 
and  adaptation  of  these  several  processes,  and  at  one  point  or 
another  these  rejfuhdions  may  break  down  with  a  resulting  tlis- 
turbance  in  sugar  consuniptinn  tliut  miuiifests  itself  usually  by 
the  development  of  a  condition  <»f  dialx'tes  or  glycosuria.  In 
the  first  place  it  may  be  recalled  that  glycosuria,  so-called  alimen- 
tary- glycijsuria,  nuiy  result  from  eating  an  excess  of  carbohyilrate. 
In  this  case  apparently  sugar  aiisorbed  from  the  alinjentary  tract 
is  supplied  to  the  liver  more  ra[)idly  than  tlie  latter  organ  can  syn- 
thesize it  to  glycogen.  The  break  down  in  regulation  is  iu  ihe  proe- 
e-ss  of  glycogenesis,  Stimulation  of  sensory  nerves  or  lesions  of 
the  central  n<TVous  syst^'iii  may  also  produce  glycosuria.  One  of 
the  most  interesting  expt^riments  in  tliis  connection  is  the  piqiire 
or  ''sugar  (umcture,"  first  noted  by  Clainlc  I^ernard  (1855}.  A 
slight  puncture  of  the  medulla,  made  Ivetween  the  levels  of  ori- 
gin of  the  vagus  and  autlitory  nerves,  results  in  the  appearance  of 
sugar  in  the  urine.  The  phi^nouuMton  \\i\s  bepii  mudi  investigated, 
and  opinions  have  tlift'ered  as  to  the  niechaivisni  of  the  reaction. 
According  to  (he  older  vi(*w,  the  increased  sugar  production  is  due 
to  the  fact  that  the  puncture  stimulates  nerve-fibers  that  act  upon 
the  hver  cells  and  cause  an  augmentation  of  the  process  of  ^lyco- 
genolysis.     The  nerve-filicrs  in  question  pass  down  the  cord  and, 
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enterinii;  the  splanchnic  nerves,  proceed  to  the  liver  by  way  of  the 
hepatic  plexus  and  ner\*es.  On  this  view  the  center  in  the  mwiulU 
constitutes  a  ''suRar-regulatinR  center/*  which  may  be  acted  oa 
reflexly  and  tfuis'fontrol  the  proress  of  the  conversion  of  gtyoo^ 
to  sugar.  Others  have  licld  the  view  that  the  effect  is  exerciid 
imiirectly  through  the  luirenui  glands.  They  believe  that  the 
sugar  puncture  results  in  a  reflex  stimulation  of  the  ftdmial 
glanrls,  whereby  more  epinephrin  is  thrown  into  the  cirrulation, 
anrl  that  the  increase  in  glycogenoh'sis  is  due  to  the  action  of  the 
epinephrin  on  the  liver  cells.  Recent  experiments  do  not  sup[K»rl 
wholly  either  one  of  these  views,  but  indicate  rather  that  while  the 
nerve-fibers  involved  act  directly  upon  the  liver  cells  the  presence 
of  the  ailrenal  glands  is  in  some  way  ne(V88Hr>'  for  the  rcwtion.* 
Just  how  this  inechanistn  acts  under  nornual  conditions  cannot, 
therefore,  be  <letoniiined.  It  is  known,  however,  that  under  nmili- 
lions  of  emotional  excitement  or  nervous  stress  glycosuria  is  apl  lo 
occur,  and  the  explanation  usually  ofTert*fl  is  that  the  se<rreli»Mi  of 
the  adn*nals  is  increiised  by  reflex  stimulation  with  a  resultini;  In- 
crease in  sugar  output  from  t  he  liver.  In  both  of  these  poe»ibilitk«, 
a  reflex  stimulation  of  the  hepatic  nerves  or  of  the  adrenal  glamLt, 
there  is  a  Itreak  down  in  the  completeness  of  the  regulation  which 
affects  chiefly  the  process  of  glyeogeno lysis.  In  this  connection 
we  may  recall  also  the  severe  form  of  glycosuria  following  up(* 
removal  of  the  pancreas,  the  so-called  pancrealic  diabetes  (p.  887). 
Here  also  the  trouble  is  referable  to  a  elmngc  in  one  of  the  intrnul 
fietrretions,  but  in  this  instance  it  is  a  defective  rather  than  an  ex- 
cessive secretitm  whit-h  induces  the  glycosuria.  Whether  the kwof 
the  internal  secretion  of  the  pancre^is  affects  the  stage  of  glyoogeool- 
ysis  or  the  stage  of  glycolysis  is  perhaps  an  open  question.  Tlw 
usual  view  has  been  that  this  secretion  is  concemeti  somehow  with 
the  processes  of  consumption  of  sugar  in  the  tissues,  but  in  whatwiy 
it  enters  into  this  process  remains  to  be  discovered. 

In  mankind  defective  sugar  metabolism  manifests  itself  chifBy 
in  the  disease  known  as  diabetes  meUiiua.  In  this  severe  and  usually 
fatal  diseitse  the  lunount  of  sugar  lost  daily  in  the  urine  may  be  vtfy 
large.  In  severe  forms  of  the  disease  practically  all  the  carlK>hyilrate 
of  the  food  may  be  excreted  in  the  urine  in  the  form  of  sufptf, 
and  even  when  the  carbohydrate  in  the  diet  is  eliminated  com- 
pletely, sugar  continues  to  be  secreted  in  the  urine  in  conaidei^ 
able  amounts.  In  t  hese  latter  cases  the  sugar  is  supposed  usually  W 
have  its  source  in  the  jiroteins  of  the  fiK)d  or  of  the  body,  &  TJeir 
which  is  supported  by  the  fact  tfiat  the  amount  of  nitrogen  and  deX" 
trose  excreted  in  the  urine  may  exhibit  a  constant  proportion  toeadi 

*  For  review  and  literature  consult  Macleod,  Uar\'cy  Lecture.  "Jouaill 
the  American  Medical  AdsociatioD,"  April  18,  1914. 
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other.  The  ratio  of  dextrose  to  nitrogen  {D  :  N)  is  given  as  3.65  to 
1.*  Special  cases  have  been  reported,  however,  in  which  the  ratio 
exceeded  the.se  figures.  ^I'he  |i:eneral  and  spet^ific  symptoms  observed 
in  diabetes  mellitus  clasely  rcinenible  those  observetl  upon  dogs 
suffering  from  puricreatic  diul>etei>.  It  seems  probable,  therefore, 
that  in  man  tlie  conilition  of  dial^tecs  may  also  \je  due  in  the  first 
place  to  some  trouble  in  the  pancreas  which  prevents  it  from  giving 
off  its  normal  internal  secretion.  Whether  or  not  the  activity 
of  the  pancreas  is  impaired  in  all  these  cases,  the  maiority  of  those 
who  have  studied  the  subject  agree  that  the  final  <[ifficulty  lies 
in  the  fact  tiiat  the  tissues,  especially  the  muscular  tissues,  can 
not  utilize  the  sugar  brought  to  them  by  the  blood.  Some  writers 
take  an  entirely  <lifferent  point  of  view,  holding  that  the  difficulty 
lies  not  in  the  consumption  of  sugar  by  the  tissiies,  hut  at  the 
other  end,  namely,  in  the  proper  hanillinir  uv  a>;similation  of  the 
sugar  as  it  is  absorbed  from  the  alimentary  canal,  or  in  an  increased 
production  of  sugar  in  the  body,  t  But  assuming  the  correctness 
of  the  usual  view,  it  has  been  a  question  as  to  what  part  of  the 
process  of  glycolysis  is  affected.  This  process  it  will  be  remembered 
is  supposed  to  comprise  two  general  stages,  a  series  of  prcparatorj'" 
non-oxidative  changes  and  a  tcnninal  series  of  oxidations  yielding 
CO2  and  H2O.  Corresponding  ti>  this  general  point  of  view,  some 
authors  have  supposed  that  in  the  diabetif  individual  the  activity 
of  the  enzynu^s  rcsp<msible  for  the  pn^pnratory^  changes  is  at  fault, 
while  others  have  supportetl  the  opjKisite  theory.  At  present 
experiments  on  ilogs  exhibiting  pancreatic  dialx^tes  seem  tu  favor 
the  view  that  it  is  the  second  stage  that  is  interfereil  with.  J  In 
addition  to  the  sugar  found  in  the  urine  in  dial>etes,  this  secretion 
may  also  contain  considerable  amounts  of  the  acetone  bodies, 
namely,  j3-oxybutyric  acid,  aceto-acetic  acid,  and  acetone.  It 
is  probable  that  these  bodies  represent  intermediary  products 
in  the  metabolism  of  the  fats  of  the  body  which  escape  oxidation, 
and  they  appear  in  the  urine  of  the  diabetic  either  because  the 
power  of  the  tissues  to  oxidise  their  fatty  foods  has  also  become 
impiiired  or,  as  seems  possible  in  the  beginning,  at  least,  simply 
because  in  the  loss  of  tlie  power  to  utilize  the  energy  of  the  carbo- 
hydrates the  tissues  consume  more  fat.  and  whenever  the  fat 
consumption  is  large  it  is  likely  to  be  incomplete,  that  is,  some  of 
the  in  termed  iiiry  products  fail  of  oxidation  and  pass  into  the 
general  circulation  (see  p.  916). 

•  Ludk,  "Elements  of  the  Scionco  of  Nutnti<m,"  Phil/wlelphia. 

t  For  Htcratare  im  the  rii*'t}ih<iUs]u  of  Diabetes,  sec  Lusk,  "Archives  of 
Inti?mal  MwHrine,"  Feb.,  UXW;  Miigmis-Lcvv,  ''The  Medical  Heconl,"  Dae. 
3,  1910,  ami  Minkowski,  ihui.,  Ft-b.  1.  1913. 

iVen^,  "Biochemische  Zeit*?dirift,"  66,  75,  1914. 
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PfUcrhisin  Diabetes, — Phlorhizin  is  a  vegetable  glucoeide  ob- 
tained from  the  roots  of  certain  trees — e.  g,,  apple,  pear.  Whea 
injected  into  an  animal  it  causes  a  glycosuria  which  is  temporary, 
but  which  may  be  renewed  by  repeated  injections.  Examinalion 
of  the  blood  in  this  case  reveals  the  fact  that  the  percentage  d 
sugar  is  not  increased,  so  that  the  immediate  cause  of  the  glycosuria 
is  different  from  that  responsible  for  the  diabetes  of  man  or  of 
animals  without  the  pancreas.  A  satisfactory  explanation  of  the 
action  of  the  phlorhizin  has  not  yet  been  obtained,  but  it  would 
seem  that  the  drug  acts  in  some  way  upon  the  kidney  itself— that 
is,  the  tissues  of  the  body  are  probably  still  able  to  metabolize  the 
sugar,  but  the  blood  is  continually  depleted  of  this  substAnce 
through  the  kidney  ;  it  leaks  off  through  the  kidney  faster  than  it 
can  be  utilized  by  the  tissues.  The  evidence  at  hand  seems  to  indi- 
cate that  the  sugar  (in  part  at  least)  exists  in  the  blood  in  some 
form  of  colloidal  combination,  and  that  under  the  influence  of  the 
phlorhizin  the  kidney  breaks  up  this  combination  and  eliminates 
the  sugar.* 

From  this  brief  description  of  the  fate  of  the  carbohydrate 
in  the  body  it  is  evident  that  its  history  as  a  food-stuff  might 
be  considered  conveniently  under  three  heads,  namely,  its  supply, 
its  storage,  and  its  consumption.  The  supply  is  regulated  by  the 
diet.  In  the  usual  diet  carbohydrate  constitutes  the  chief  and 
also  the  most  variable  factor.  Its  cheapness,  its  ease  of  digesti<«i 
and  of  consumption  make  it  the  most  convenient  and  economicil 
source  of  energy  to  the  body.  When  our  energ\'  nee<.is  are  laree. 
as  in  muscular  work,  the  carboln'drate  portion  of  the  diet  is 
increased;  when  the  energy  needs  are  small,  as  in  a  siedentary 
life,  the  amount  of  carbohydrate  is  reduced.  The  storage  of 
carbohydrate  in  the  body  is  provided  for  temporarily  by  the 
glycogenetic  function  of  the  liver  and  the  muscles.  This  functi<»n 
may  be  deranged  for  a  time  by  injuries  to  the  central  ner%x»u.* 
system  or  by  hypersecretion  of  the  adrenal  glands  or  the  hvpophy- 
sis,  in  which  case  hyperglycemia  and  glycosuria  result.  Or  th- 
glycogenetic  tissues  may  be  inadequate  to  handle  all  the  5uei' 
absorbed  from  the  alimentary  canal  (alimentar>'  glyco^urb 
and  in  this  case  also  there  is  a  temporary  hyperglyceniia  ani 
glycosuria.  At  the  consumption  end  the  amount  of  su£ar  »v- 
stroyed  is  controlled  by  the  energy  needs  of  the  tissues,  espenal.: 
of  the  muscles.  Failure  to  destroy  the  sugar  at  this  point  briiif? 
on  also  a  hyperglycemia  and  glycosuria  of  a  more  serious  nanj? 

Our  sugar-regulating  mechanism  in  fact  may  prove  inadequs*^ 

•  For  more  complete  details  and  the  literature,  soe  Maclotxl,  "Tbf  M<^ 
olism  of  the  Carbohydrates"  in  "Recent  Advances  in  PhysiokigT. "  Uo>t 
and  New  York,  1906,*  and  Lusk,  "Ergebnisse  d.  Physiologic."  12.  3KV  1^1- 
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in  one  of  four  general  ways,  which  may  he  tabulated  briefly  as 
follows : 

1.  Conversion  of  sugar  to  glycogen  (liver)  breaks  down  in 
alimentary  glycosuria. 

2.  Conversion  of  glyrogen  to  sugar  (liver)  breaks  down  in 
injuries  to  the  central  nervous  system,  excessive  internal  secretion 
by  adrenal  gland,  etc. 

3.  Glycolysis  of  sugar  (muscles  and  other  tissues)  breaks  down 
in  diabetes  tnelHtus  and  pancreatic  dialietes. 

4.  The  normal  impermeability  of  the  kidney  breaks  down  in 
phlorhizin  diahete.s. 

Functions  of  the  Carbohydrate  Food. — The  general  value  of 
the  carbohydrate  food  to  the  organism  may  be  summarized  as 
follows:  (1)  It  furnishes  a  source  of  energy  for  the  nec<.ls  of  the 
tissue  cells  and  particulnrly  for  muscular  work.  It  will  be  remem- 
bered that  the  glycogen  of  a  muscle  disappears  in  proportion 
to  the  work  <lone  by  the  muscle,  and,  indeed,  prolonged  muscu- 
lar work,  especially  durinp;  starvation,  may  wipe  out  quickly  the 
entire  store  of  glycogen*  in  the  body,  in  the  liver  as  well  a^s  in 
the  muscles.  It  is  usually  l>olieve<:l,  therefore,  that  the  oxida- 
tion of  the  sugar  furnishes  energ>'  which  by  the  machinery  of 
the  muscles  is  utilized  to  do  work, — that  is,  to  cause  muscular 
contractions.  It  seems  probable  that  under  normal  conditions  this 
material  furnishes  the  nmin,  if  not  the  sole  source  of  energy  for 
muscular  work.  (2)  The  oxidation  of  the  sugar  furnishes  an  im- 
portajit  part  of  the  constant  supply  of  heat  needed  by  the  body. 
Each  gram  of  sugar  on  oxidation  yields  — 4  Calori(*s  of  heat,  and, 
since  the  carbohydrates  form  the  largest  part  uf  uur  diet  and  are 
easily  oxidized  in  the  body,  they  must  be  regarded  as  an  especially 
available  material  for  keeping  up  the  supply  of  animal  heat.  The 
largest  part  of  the  energy  liberated  by  the  oxidation  of  sugar  in  the 
muscles  during  contraction  takes  the  form  of  heat,  and  even  dur- 
ing muscular  rest  the  condition  of  tone  is  probably  attended  by  a 
Constant  oxidation  of  this  material.  (3)  The  oxidation  of  the  sugar 
protects  the  protein  of  the  body.  Attention  has  already  been 
called  to  the  fact  that  an  animal  may  be  kept  in  nitrogen  equilibrium 
on  a  relatively  small  protein  diet  provided  carlxvhydrate.s  (or  fats) 
are  also  eaten.  One  may  say.  in  fact,  that  as  the  carlx)hydrate  food 
is  increased  the  protein  food  may  be  diminished,  down  to  a  certain 
irreducible  minimum  which  is  probably  the  amount  necessary 
for  the  reconHtruction  of  new  tissue.  From  the  chemical  com- 
position of  carbohydrates  it  is  evident  that  they  alone  cannot  serve 
to  build  up  protoplasm.  An  animal  fed  on  carbohydrate  food 
alone,  no  matter  how  abundant  the  supply^  would  eventually 
starve  to  death.  Within  certain  limits,  however,  the  carbohy- 
68 
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drates  are  protein  sparers;  the  energy  provided  by  their  oxidatioB 
keeps  up  tfie  supply  of  heat  and  enables  the  muscles  and  the  fAher 
tissues  to  obtain  the  energy'  necessary  for  their  special  kind  ol 
work,  and  in  this  way,  rhiofiy,  the  cirhoh  yd  rates  pn)toct  the  linng 
protein  from  consumption  and  enable  us  to  reduce  the  proU'in 
material  in  our  diet.  Experiments  show,  in  fact,  that  c*rl)o* 
hydnite  is  much  more  effiL-ient  as  a  sparer  of  protein  than  f»t. 
An  animal  fed  on  carbohyth'ates  alone  loses  less  prt)tein  from  iht 
body  than  when  kept  on  a  fat  tliet  containing  the  same  amount  of 
heat  energ\\  and  the  nuninial  amount  of  protein  upon  which  the 
body  may  be  kept  in  nitrogen  equilibrium  is  much  lower  when 
the  protein  is  combined  with  an  abundant  supply  of  carbtihvdnle 
than  in  the  case  of  a  diet  of  fjmtein  and  fat  together.  It  wodd 
seem  that  the  body  must  always  have  sugar  to  oxidize.  If  lhi» 
material  is  not  furnished  in  the  food,  it  Is  obtained  by  broakinf; 
down  the  boiiy  protein  itself,  an  is  indicated  by  the  contimicd 
formation  of  sugar  in  diabetes  and  also  by  the  fact  that  even  in 
prolonged  starvation  tlie  sugar  contents  of  the  bh»od  are  keplai 
a  normal  level.  (4)  Any  excess  of  carbohydrate,  taken  a«  f(»od, 
beyond  the  power  of  the  tissues  to  store  as  glycogen  may  be 
fiynthesize<l  to  hjrm  fat.  Nutritional  experiments,  doBcn'btti 
below,  leave  no  doubt  that  the  fat  of  the  body  may  be  formed 
from  carhohytirate  food.  It  is  stat-ed  that  the  fat  of  the  l>ody 
having  this  origin,  so-calletl  carbohydrate  fat,  is  of  a  more  Mid 
conKistency  than  the  fat  derived  from  other  sources.  (5)  To  aome 
extent  cHrhohy<lnitc  may  bo  utilized  in  constructive  prtK^esew. 
Nucbic  a<*id  rontains  a  carbohyflrate  group,  and  we  have  evidence 
from  the  oxperinients  of  Osborne  and  Mendel  on  growing  rats  thai 
the  l>ody  can  make  its  own  nucleic  acid.  A  carbohydrate  gnmp 
fonns  [xirt  of  the  tiioh^cular  complex  of  some  proteins  and  isaron- 
stant  constituent  of  the  cerobrosidcs  found  so  abundantly  in  the 
central  nervous  system,  A  carbohydrate,  lactose,  is  a  normal  riin- 
stituent  of  the  secretion  of  the  mammary  glands.  In  the**  and 
similar  <'ases  it  is  not  clear  whether  the  carbohydrate  group  is 
derived  from  the  carl>ohydrate  of  the  food  or  is  constructed!  frora 
other  sources,  but  the  former  view  must  be  reckoned  junong  the 
possibilities  in  enumerating  the  various  functions  that  may  bf  ful- 
fillefl  by  the  carbohydrate  of  the  food. 

Nutritive  Value  of  Fats. — The  fats  of  food  are  al>sorbed  into 
the  lacteals,  chiefly  as  neutral  fats— the  so-calleii  chyle  fat.  Tl4 
chyle  fat  is  transportetl  to  tlie  blood  by  way  of  the  great  thoracifl 
duct,  and  after  it  is  poured  into  the  blood  it  remains  in  the 
culation  for  a  considerable  time,  being  slowly  picke<I  out  by  tl>< 
tissues  which  can  use  it  in  their  metabolic  proceaseR.  Wiihia 
these  tissues  it  is  oxidized  to  supply  the  energy  needs  of  the  ceDl 
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The  final  products  of  the  oxidation  are  the  same  as  when  fat  is 
burnt  outside   the   body — namely,  CO,  and    HjO — and  a  corre- 
sponding anjountof  cnerg\'  must  be  liberate<l.    iSpeaking  generally, 
then,  the  essential  nutritive  value  of  the  fats  is  thut  tliey  furnish 
energy  to  the  body,  and.  fT<un  a  chenut-al  standpoint,  they  nmst 
wntain  more  available  eiicrg}*,  weight  for  weight,  than  the  proteins 
or  the  carlxjhydrates.     In  a  well-nourished  animal  a  large  amount 
of  fat  is  found  normally  in  the  adipose  tissues,  particularly  in  the 
so-calletl  "pannioidus  adiposus''  beneath  the  skin,  in  the  foMs 
(if  the  peritononni,   etr.     riiysiologically,  this  body  fat  is  to  be 
regarde<l  as  a  reserve  supply  of  nourishment.     When  fatty  food 
is  eaten  and  absorbed  in  excess  of  the  actual  metabolic  processes 
of  the  body,  the  excess  is  store<i  in  the  adipose  tissue  as  fat.  tu  be 
drawn  upon  in  case  of  need — as,  for  instance,  during  partial  or 
complete  starvation.     A  starving  animd,  after  its  small  supply 
of  glycogen  is  exhausted,  lives  entirely  upon  body  proteins  anti 
fats;  the  larger  tlie  supply  of  fat,  the  more  effectively  will  the 
protein  tissues  be  protectetl  fnmi  tlestriictinn.    In  accordance  with 
this  fact,   it  has  been  shown  that  when  subjected  to  ctHnplete 
starvation  a  fat  animal  survives  longer  than  a  lean  one.     (^ur 
supply  of  fat  is  called  upon  not  only  flurJng  complete  abstention 
from  food,  but  also  whenever  the  diet  is  insufficient  to  cover  the 
oxidations  of  the  body,  as  in  defirient  fcMid.  sickness,  etc. 

The  Intermediary  Metabolism  of  the  Fat.  -Tiie  fat  absorbetl 
as  ftK>d  may  subserw  in  general  several  different  purposes:  (1)  It 
may  Ik*  oxidized  with  the  formation  of  hcjit  energy.  (2)  It  may 
be  stored  in  the  tissues  as  part  of  the  l>ody  fat.  (3)  It  may  be 
synthesized  with  other  substances  to  form  some  more  complex 
constituent  of  the  body,  such  as  lecithin.  (4)  According  to  some 
authors,  it  may  serve  under  certam  conditions  as  a  source  of  sugar. 
Tliis  latter  suggestion  is  not  supportfitl  by  convincing  experiments. 
The  final  fate  of  the  fat  in  the  body  is,  however,  to  be  oxidized  to 
water  and  carlxjn  dioxid.  The  nature  of  the  processes  involved 
is  not  understooii.  It  is  generally  believed  that  the  first  st«p 
is  the  splitting  of  the  fat  into  fatty  acid  and  glycerin  under  the 
influence  of  the  lipase  founri  in  so  muny  of  the  tissut*s  of  the  body. 
The  fat  that  lies  in  the  st(>ragc  tissues — skin,  iM»ritoueuin,  etc. — 
does  not  undergo  oxidation  in  these  places.  In  times  of  nf'cd  it  is 
absorbed  and  distributed  to  the  more  active  tissues,  and  in  this 
initial  process  of  solution  it  is  probable  that  a  n*gulative  influence  is 
exerted  by  the  lipiist*  as  suggested  by  Loevenhart  (s*^e  p.  744); 
that  is,  by  its  reversible  action  this  enzjine  may  control  the  output 
of  fat  to  ihe  bl(K)d,  as  the  supply  of  sugar  in  the  Mootl  is  kept  con- 
stant by  the  diastatic  enzyme  of  the  liver.  After  the  action  of  the 
lipase  we  can  only  say  that  oxidation  takes  place,  but  through  how 
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many  stages  is  not  known.  It  seems  probable  that  the  long  carbon 
chain  of  tho  fats  (stearic  arid  =  CHs(rH2)i6tX50H)  is  deprived 
in  succcs.sion  of  its  carbon  atoms  by  oxidation,  with  the  formation 
of  simpler  fatty  acids,  hut  little  positive  CAndence  has  been  obtained 
of  internieiiiute  products.  Perhaps  the  most  significant  fact  known 
hearing  upon  tliia  point  is  that  under  conditions  which  involve  a 
large  destruction  of  fat  in  the  body,  as  in  starvation,  fevers,  and 
especially  in  iliabetes.  /3-oxybutyric  acid  together  with  aceto-acetir 
acid  and  acetone  are  excreted  in  the  urine.  These  three  substances 
are  designated  as  the  acetone  bodies,  and  their  appearance  in  the 
urine  makes  the  condition  known  as  acetonuria.  The  oxybutyric 
acid  is  usually  regarde*!  as  the  source  of  the  other  two,  as  may  l>e 
inferreil from  their  formuJiis.  j3-oxybtit>Ticacid  =  CHaCHDHCHr 
COOH.  By  oxidation  this  yields  aceto-acetic  acid,  CHsCOCHr 
COOH,  and  this  by  loss  of  CO2  is  converted  to  acetone,  CHr 
COCHa.  Other  observers  incline  to  the  view  that  the  aceto- 
acetic  acid  is  the  primary"  protluct  fonned  in  the  metabolism  and 
that  the  oxybtityric  acid  arises  from  it  by  reduction.  The  occur- 
rence of  these  bodies  is  in  accord  with  the  view  of  a  serial  oxi<iation 
of  the  fatty  acids  furnished  l)y  the  fats.  Knoop*  has  given  experi- 
mental evidence  for  the  view  that  the  oxidation  takes  place  at  the 
b€ta-<'arlKin,  and  that  by  a  series  of  such  beta-oxidations  the  long 
carbon  chain  may  be  reduced,  by  the  loss  of  two  carbon  atoms  at  a 
time,  to  simpler  fatty  acids.  Thus,  in  stearic  acid,  CuHjiCHjCHr 
COOH,  oxidation  at  the  Ix^ta-carbon  may  be  assumed  to  give  first  a 
beta-ketonic  acid.  (^JlaiCOClIaCOOH,  which,  by  further  oxida- 
tion, loses  two  carbon  atoms,  with  the  production  of  CO;  and  HjO, 
and  yields  a  sjiturated  fatty  acid,  daHaiCOOH,  of  simpler  struc- 
ture. On  this  theory  if,  as  is  the  case  with  the  fatty  acids  of  animal 
fat,  there  is  an  even  number  of  carbon  atoms  in  the  nv)lecule  lo 
start  with,  all  of  the  simpler  acids  fonned  by  the  process  of  beta- 
oxidation  will  also  have  an  even  numlxr  of  carl>on  atoms.  This  is 
the  case  with  the  Vjutyric  acid  which  S4j  far  represents  the  concrete 
example  of  these  intermediate  stages,  and  the  same  fact  is  observed 
for  the  fatty  acitls  found  in  milk.  It  is  to  bi^  borne  in  mind  that 
butyric  acid  and  its  oxyacid  may  he  derived  theoretically,  at  least, 
from  proteins  as  well  as  fats.  As  has  been  shown  in  the  previous 
pages,  the  amino-ac^ids  fi)rmed  from  the  proteins  may  suffer  deami- 
nization  in  the  body,  leaving  behind  an  oxy-  or  ketonic  acid  which 
may  then  l^ehave  as  do  the  similar  acids  formed  by  oxidation  of  the 
higher  fatty  acids.  Experiments  have  demonstrated  that  in  this 
way  oxybutyric  aci<l  may  In*  derived  from  a  protein  source. 

Origin  of  the  Body  Fat. — The  views  upon  the  origin  of  body 
fat  have  undergone  a  number  of  changes  in  the  last  fifty  or  sixty 
•Knoop,  "Hofmeiflter's  BdtrSge,"  6,  ISO,  1904. 
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years,  illustrating  in  an  interesting  way  how  development  of  our 
experimental  methods  leads  often  at  first  t<>  half-truths  which  are 
corrected  later  by  more  extensive  work.  Dumas  and  *tthers  ( 1 840) 
held  to  the  natural  view  that  the  fat  of  the  Lmdy  originat&s  directly 
from  the  fut  of  the  food.  Liebig,  applying  his  more  exact  methods, 
demonstrated  that  in  some  cases  at  least  this  source  is  insufficient 
to  account  for  all  the  fat.  The  fat  yielded  by  the  milk  of  a  cow 
for  instance,  may  be  greater  in  quantity  than  the  fat  contained 
in  the  food.  He  also  pointed  out  that  the  fat  of  each  species  of 
animal  is  more  or  leas  peculiar,  the  fat  of  the  sheep  having  a  higher 
melting  point  than  pork  fat,  and  both  differing  in  composition  from 
the  fat  taken  as  food.  "In  hay  or  the  other  fodder  of  oxen  no 
beef  suet  exists,  and  no  hog's  lard  can  be  found  in  the  potato  refuse 
given  to  s^'ine. "  He  was  led  to  attribute  the  source  of  body  fat 
chiefly  to  the  carbohydrate  food,  and  this  belief  agreed  well  with 
the  experience  of  agriculturists  as  to  the  use  of  such  footls  in  fatten- 
ing animals  for  market.  This  view,  in  turn,  was  displaced  by  the 
theor>^  of  Voit,  supported  by  elaborate  feeding  experiments.  Voit 
believed  that  the  fat  of  the  body  ih  formed  mainly  or  entirely  from 
the  protein  of  the  food,  the  carhohyclmfc  nnd  the  fat  of  the  <liet 
being  useful  only  to  protect  a  part  of  this  protein  from  oxidation. 
Volt's  experiments  have  been  shown  by  Pflllger  to  have  been  based 
upon  erroneous  analyses  of  the  meat  used  in  his  experiments.  Voit 
assumed  that  in  this  meat  the  ratio  -q-  is  equal  to  1,34  to  1.37,  while 
Pfliiger  showed  that  it  is  lower,*  1.33.  The  modem  point  of  view 
is  that  the  fat  of  the  body  originates  partly  from  the  fat  of  the  food, 
particularly  in  camivora,  and  partly  from  the  carboh^-drate  of  tiie 
food,  especially  in  herbivora,  in  whose  diet  this  foodstuff  forms 
such  a  large  part..  The  possibility  that  fat  may  also  be  formed 
from  protein  fo(Kl  must  be  accepted  in  iiccordance  with  what  has 
been  described  al>ove  concerning  the  intermediary  metabolism  of 
the  protein.  So  far  as  the  amino-acids  fonucd  from  the  food  pro- 
tein during  digestion  are  not  reconstnicted  into  the  body-protein 
of  the  animal,  they  are  deaminized,  and  the  organic  acid  grouping 
left  may  be  converted  to  sugar  and  glycogen,  hence  probably  also 
to  fat.  Protein  constitutes  relatively  only  a  small  fraction  of 
the  daily  diet,  and  the  modem  point  of  view  is  that  boily  fat  is 
formed  in  the  first  instance  from  food  fat  and  food  carbohydrates. 
Origin  of  Body  Fat  from  Food  Fat. — The  first  proofs  that 
the  food  fats  may  be  deposited  a-s  such  in  the  fat  tissues  of  the 
body  were  obtained  by  fctnling  foreign  fats  Ui  dogs  and  demon- 
strating   that  these   fats    can    afterward   be   recognizetl    in    the 

•  PflOger's  "Archiv  f.  die  gesammtc  Physiologie/'  51.  229,  1892.  and  77, 
521,  1890. 
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tissues  of  the  animals,*  Liiisf»ftd  oil,  rape-seed  oil,  and  mutton-fat 
were  used  in  these  experiments.  Secondly,  it  has  been  made 
probable  by  feeding  exp>erinients  that  the  normal  fat  of  the  food 
undergoes  a  similar  fate.  Thus,  Hofmann  used  a  dog  weighing 
26  kgnis.  and  allowed  it  to  starve  until  its  weight  was  reduced  to 
16  kgms.  It  was  then  fed  for  five  days  on  a  little  meat  and  large 
quantities  of  fat.  At  the  end  of  that  time  it  was  killed  and  analyzed. 
The  body  contained  1353  gnis.  of  fat,  of  wliiuh  only  131  gms.  could 
have  come  from  the  protein  usetl,  assuming  that  this  material 
can  serve  as  a  fat  former.  Much  of  the  fat  found,  therefore,  was  J 
probably  derived  fmm  the  fat  of  the  food.  fl 

Origin  of  Body  Fat  from  Carbohydrates.— That  the  Ixniy 
fat  may  have  this  origin  has  been  made  probable  or  certain  by 
feeding  exjjeriments.  Thus,  Rubner  fed  a  dog  (5.S9  kgms.)  for 
two  days  on  a  diet  of  sugar,  starch,  and  fat  whose  total  carbon 
content  was  equal  to  176.6  gms.  During  this  period  the  animal 
excreted  87.1  gms.  of  carbon.  There  were  retained  in  the  body, 
therefore,  St). 5  gms.  carbon.  The  fat  fed,  4.7  gms.,  contained 
(4.7  X  0.77)  3,6  gms,  C  The  total  nitrogen  excreted  during  thia 
period  was  2.55  gms.^  which  indicated  a  metabolism,  therefore,  of 
16  gma.  (2.55  •.  6.25)  of  iK^dy  protein.  Making  the  improbable 
a.ssumption  that  all  of  the  carbon  of  this  protein  was  retained  in 
the  body,  this  woviUl  acraiint  for  8.32  gms.  C  (16  X  0.52);  so  that 
3.6  4  8.32  or  12  gms.  C  might  have  originated  from  sources  other 
than  the  carbohydrate  of  the  food,  leaving,  therefore,  S9.5  —  12 
or  77.5  gms.  of  C,  wliicli  could  have  arisen  only  from  the  carbohy- 
drate. This  quantity  of  carbon  could  have  been  retained  only  afi 
glycogen  or  fat.  Allowing  for  the  greatest  passible  storage  of 
glycogen,  78  gms.  or  34.6  gms.  C,  there  would  stiil  remain  42.9  gms. 
of  C,  which  could  have  l>een  retained  only  as  fat.  Numerous  other 
fattening  experiments  of  difTerent  kinJ.s  have  been  made  in  which 
it  has  been  shown  that  the  fat  laid  on  by  the  animal  could  not  be 
accountetl  for  by  the  fut  of  the  food,  nor  by  assuming  with  Voit  thai 
it  originate<^I  from  the  protein.  The  com])inKl  testimony  of  these 
experifuents  have  .'^tisficfl  physi*  tlogists  tluit  the  tissues  can  pro- 
duce fat  from  sugar.  The  chemistry  of  the  change  is  not  under- 
stood ami  cannot  be  imitatf^d  in  the  laboratory,  but  it  is  evident 
that  in  the  li>ng  run  it  involves  a  series  of  iinptjrtant  retluctions, 
since  in  the  end  th{*  oxygon-rich  sugar  is  transformed  to  an  oxj'gen-  j 
poor  fat.  In  the  sugar  the  oxygen  constitutes  53  per  cent,  of  the 
molecule,  while  in  fat  it  forms  only  1 1.5  per  cent.  The  oxygen  split 
off  in  the  series  of  changes  should  apix^ar  as  H3O  and  COj,  and  in 
accordance  with  this  view  it  is  fount!  exi>erimentally  that  when 

•Lebedeff.   '^Centndblutt  f.  die  mod.   Wias./'   1881.  and   Munk.   "Vip- 
chow's  Archiv,"  96.  407,  1884. 
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carbohydrate  is  being  stored  as  fat  there  is  an  increase  in  the  respi- 
ratory quotient,  that  is,  in  the  ratio 


CO, 


or 

The  Source  of  Body  Fat  in  Ordinary  Diets. — For  the  pur- 
poses of  (Jemonstnition  tlie  experiments  made  to  prove  the  origin 
of  body  fat  fi*oni  carbohydrate  or  the  fat  of  food  have  made  use 
of  abnormal  diets  and  conditions.  It  would  l»e  a  matter  of  practical 
interest  to  ascertain  whether  upon  normal  diets  the  fat  of  the 
body  arises  more  easily  from  tfie  fat  or  from  the  carbohydrate  of 
the  food.  While  the  question  is  one  to  whidi  a  positive  answer 
cannot  be  given,  it  seems  to  Ix*  probable  that  the  result  varies  xN-ith 
renditions  anil  tlie  nature  of  the  animal.  Experience  seems  to 
show  that  carnivorous  animals  can  l_>e  fattened  more  easily  on  a 
fat  diet,  herbivora  on  a  rarlx)hydrate  diet.  In  animals,  like  our- 
selves, there  is  reason  t-o  telieve  that  the  carbohydrates  are  more 
easily  and  more  quickly  destroye<l  in  the  body  than  the  fats,  and 
that,  therefore,  the  latter  may  be  more  readily  deposited  in  the  tis- 
sues, although  an  oxccsh  of  carl>f>hytlrate  beyond  the  actual  needs 
of  the  body  will  also  \w:  presprved  in  the  form  of  fat  or  p;ly<'ogen.* 

The  Cause  of  the  Deposit  of  Body  Fat-^  Obesity  .—Our 
experience  shows  that  individuals  differ  i^reatfy  in  the  ease  with 
which  they  form  fat.  Some  upon  relatively  anudl  diets  fr>rm  much 
fat,  while  others  remain  thin  in  spite  of  the  ingestion  of  large 
amounts  of  food.  Voit  liits  indicated  the  general  reason  for  this 
difference — namely,  that  it  depends  upon  the  capacity  of  the 
body  to  destroy  food  uuiterial.  When  food  is  supplied  and 
absorbetl  in  excess  of  this  capa<"ity  the  excess  Lg  stored  to  a  small 
extent  as  glycogen,  but  clnefiy  as  body-fut.  As  stated  above,  this 
holds  true  especially  for  fat  an<l  carljohydrate  foods,  which,  speak- 
ing genenUly,  are  the  variable  parts  of  our  diet,  A  diet  which  will 
give  such  an  excess  to  one  individual,  may  in  the  body  of  anotlier 
of  the  same  weight  be  all  consunie<i.  The  oxidizing  or  metab- 
olizing capacity  of  the  body  differs  in  different  individuals  and 
some  will  lay  on  fat  more  rea^lily  than  others,  because  for  them 
an  excess  of  material  is  provided  by  a  relatively  small  diet.  Theo- 
retically, it  is  |K>ssible  that  in  such  cities  the  activity  of  the  fat  cells 
may  be  greater  than  normal.  One  might  assume  a  certain  balance 
between  the  oxidizing  capacity  of  the  tissues  in  general  and  the 
fat-fonning  activity  of  the  cells  of  the  adipose  tissue,  and  suj>pose 
that  this  balance  may  ^>e  disturlx'd  either  by  a  decrt*ase  in  one  factor 
or  an  increase  in  the  otiier.  The  administration  of  thyroid  tissue 
which  is  known  to  increase  the  oxidations  of  the  body  leads  to  a 
losLH  of  body  fat,  and  this  method  is  sometimes  eraployetl  to  reduce 

•Otnsnlt  Rnsenfcld,  ''Ergebnisse  der  Physiologie,"  vol.  i.,  part  I»  1902. 
Complete  literature. 
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body  weight.  Thoae  individualB  who  show  little  tendency  to  lay 
on  fat  may  be  made  to  do  so  by  largely  increasing  the  amount  of 
fat  or  carbohydrate  food,  or  more  certainly  by  altering  the  mode 
of  life.  A  sedentary  life,  absence  of  worry,  etc.,  niay  lead  to  a 
tendency  of  this  kind,  while  a  very  active  muscular  life  has  the 
opposite  effect.  Men  who  lead  a  very  muscular  life — ^fanners, 
fishermen,  etc. — are  rarely  disposed  to  accumulate  fat  to  a  notice- 
able d^pree.  So  also  the  use  of  alcoholic  beverages  may  indirectly 
favor  accmnulation  of  fat,  partly  because  the  oxidation  of  H^ 
alcohol  protects  the  fats  and  carbohydrates  &om  oxidation,  and 
partly  also,  perhaps,  because  long-continued  use  of  alcohol  m^ 
depress  the  oxidizing  capacity  of  the  tissues.  The  tendency  to 
form  fat  may  exhibit  itself  in  some  cases  to  such  an  extent  as  to  con- 
stitute an  almost  pathological  condition.  Obesity,  so  far  as  it  is 
not  due  to  some  organic  lesion,  such  as  a  deficiency  of  the  posterior 
lobe  of  the  hypophysis  (p.  883),  may  be  counteracted  by  altering 
the  mode  of  life,  especially  by  taking  much  muscular  exercise*  and 
by  reducing  the  diet,  so  that  the  total  amount  <^  calories  repre- 
sented do  not  exceed  one-half  to  three-fifths  that  recognised  as  the 
usual  average  (see  p.  940).  The  diet  for  such  purposes  should 
not  only  be  reduced  in  amount,  but  should  be  as  free  as  possible 
from  excess  of  fats  and  carbohydrates,  consisting  of  such  matmal 
as  eg&,  fish,  lean  meat,  salads,  fruits,  ete.* 

*  For  iNractical  directions  oonceming  the  treatment  of  obesity  by  dieting 
■ee  Qautier,  "  L'alimentation  et  les  regimes,"  Paris. 


CHAPTER  XLIX. 

NUTRITIVE  VALUE  OF  THE  INORGANIC  SALTS  AND 
THE  ACCESSORY  ARTICLES  OF  DIET. 

The  Inorganic  Salts. — The  body  contains  in  its  tissues  and 
liquids  a  considembie  amount  of  inorganic  material.  When  any 
orgaa  is  incinerated  this  material  renuiiiis  as  the  ash.  If  we  in- 
clucie  the  bones,  which  are  rich  in  niineral  mutter,  the  average 
anmunt  of  ash  in  the  body  amounti>  to  about  4.3  to  4.4  per  c€nt. 
of  its  weight.  The  bones,  liowever,  in  the  adult  contain  most  of 
this  ash  (five-sixths).  In  the  soft  tissues,  like  the  iiiusole,  the  ash 
constitutes  about  0,f)  to  f).S  per  cent,  of  the  moist  weight.  The 
ash  consists  of  chloricb,  phosphates,  sulphates,  carbonates,  fluorids, 
or  silicates  of  potassium,  sodiuiti,  culciuni,  magnesium,  and  iron; 
iodin  occurs  also,  especially  in  the  thyroid  tissues.  In  the  liquids 
of  the  body  the  main  salts  are  sodium  chlorid,  sodium  carbonate, 
sodium  phosphate,  potassium  and  calcium  chlorid  or  phosphate. 
In  considering  the  organic  foodstuffs  weight  was  laid  upon  their 
value  as  sources  of  energ}^  as  well  as  ujwn  their  function  in  con- 
structing tissue.  The  salts  have  no  importaace  from  the  former 
standpoint.  Wliatever  chemical  changes  ihey  undergo  are  not 
attended  by  any  liberation  of  heat  energy — none  at  least  of  suffi- 
cient importance  to  be  considered.  They  have,  however,  most 
important  functions.  They  maintain  a  normal  composition  and 
osmotic  |)ressure  in  tlie  li^ptids  and  tissues  of  the  bo<h%  and  by 
virtue  of  their  osmotic  pressure  they  play  an  hnportant  part  in 
controlling  the  How  of  water  to  and  from  the  tissues.  Moreover, 
these  salts  constitute  an  essential  part  of  the  composition  of  Uving 
matter.  In  some  way  they  are  bound  up  in  the  structure  of  the 
living  molecule  and  are  necessary  to  its  normal  reactions  or  irrita- 
bility. Even  the  proteins  of  the  lx)dy  liquids  contain  definite 
amounts  of  ash,  and  if  this  ash  is  removed  their  properties  are 
seriously  altered,  as  Is  shovMi  by  the  fact  that  ash-free  native  pro- 
teins lose  their  property  of  coagulation  by  heat.  The  glolndins 
are  precipitated  from  their  solutions  when  the  salts  are  removed. 
The  special  importance  of  the  calcium  salts  in  the  coagulation  of 
blood  and  the  curdling  of  milk  has  l>een  referred  to.  as  also  the 
peculiar  part  played  by  the  cidcium.  potassium*  and  sodium  salts 
in  the  rhythmical  contractions  of  heart  muscle,  the  irritability 
of  muscular  and  nervous  tissues,  and  the  permeability  of  the 
capillary  walls  and  other  membranes.    The  special  importance  of 
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the  iron  salts  for  the  production  of  hemoglobin  is  also  evident  witl)- 
out  comment.  There  can  be  no  doubt,  in  fact,  that  each  one  of  the 
salts  of  the  body  has  a  special  nutritive  value  and  a  special  met- 
abolic history.  The  time  will  doubtless  come  when  the  special 
importance  of  the  potassium,  sodium,  calcium,  and  magnesium  will 
be  understood  as  well,  at  least,  as  we  now  understand  the  signifi- 
cance of  iron,  and  quite  possibly  this  knowledge  will  find  a  direct 
therapeutic  application,  as  in  the  case  of  iron.* 

Fatal  Effects  of  Ash-free  or  Ash-poor  Diets. — Dogs  h&ve 
been  fed  (Forster)  upon  a  diet  composed  of  ash-free  fats  and  carbo- 
hydrates, and  meats  which  had  been  extracted  with  water  until 
the  salts  had  been  much  reduced.  The  animals  were  in  a  moribund 
condition  at  the  end  of  26  to  36  days.  It  is  probable  that  tbe^ 
would  have  lived  longer  if  deprived  of  food  entirely,  with  the  excep- 
tion of  water,  since  the  metabolism  of  the  abundant  diet  provided 
helped  to  increase  the  loss  of  salts  from  the  body.  So  also  in  the 
numerous  experiments  made  upon  growing  rats  fed  upon  artificial 
diets,  t  it  has  been  shown  that  if  the  necessary  proteins,  fats,  and 
carbohydrates  are  supphed  but  the  inorganic  salts  are  omitted  the 
animal  promptly  loses  weight  and  dies. 

The  Special  Importance  of  Sodium  Chlorid,  Calcium,  isd 
Iron  Salts. — Sodium  chlorid  occupies  a  pecuKar  position  among 
the  inorganic  constituents  of  our  diet,  in  that  it  is  the  only  one 
which  we  deliberately  add  to  our  food.    The  other  inoi:ganic 
material  is  taken  unconsciously  in  our  diet,  but  although  sodium 
chlorid  exists  also  in  our  food  in  relatively  large  quantities  we 
purposely  add  more.    It  is  estimated  that  the  average  man  in- 
gests from  10  to  20  gms.  a  day.     This  amount  seems  to  be  in  excess 
of  the  actual  necessities  of  the  body,  since  on  experimental  diets 
individuals  have  been   kept  in   good   condition  when  the  total 
content   in  sodium   chlorid    was  reduced  to  one  or  two  grams. 
This  desire  for  salt   is  exhibited   also  by   many  animals.    The 
farmer  provides  salt  for  his  stock  and  wild  animals  visit  the  salt- 
licks at  intervals.     Bunge  has  called  attention  to  the  fact  that 
among  men  and  animals  the  desire  for  salt  is  limited,  for  the  most 
part  at  least,  to  those  that  use  vegetable  food.     From  the  accounts 
of  travelers  he  shows  that  wheh  a  purely  animal  diet  is  used  there 
is  no  desire  for  salt;  but  on  a  vegetable  diet  there  is  a  craving  for 
it  which  may  become  very  mtense  and  unpleasant  when  circum- 
stances   prevent    its    being    obtained.     He   offers    an    ingenioua 
explanation  for  this  relation.     Most  vegetables  contain  a  large 
amount  of  potassium  salts,  and  in  the  blood  these  salts  react  with 

•  For  a  brief  summary  of  facts  and  speculations,  see  Alba  and  Neuberf, 
*'Physiologie  u.  Pathologie  des  Mineral-Stoffwechsels,"  1906,  and  von  Wendl, 
*'Handbuch  d.  Biochemie,"  4,  561,  1911. 

t  Osborne  and  Mendel,  ^'Journal  of  Biological  Chemistr>',"  13,  233,  191Z 
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the  sodium  chlorid.     Thus,  if  potassium  sulphate  were  adtled  to 
the  biood  it  would  react  with  sodium  chlorid,  giving  some  potas- 
sium chlorid   and   some  sodium  sulphate.     Both  of  these  salts 
)*ill  lie  removr<l  by  the  kithieys,  since,  except  in  minute  amounts, 
they  are,  so  to  speak,  foreign  to  the  blood.     This  latter  liquid 
will  thereby  lose  some  of  its  supply  of  sodium  salt,  whence  the 
craving  for  more  in  the  food.*     The  content  of  the  blood  in  sodium 
chlorid  nnnains  remarkably  constant.     When  an  excess  is  taken  in 
the  food  it  is  removed  by  the  kidneys.     On  a  salt -free  diet  or 
,  in  starvation  the  aruount  of  sodium  chlorid  secreted  ia  the  urine 
Bo<m  falls  to  a  low  figure  (0.6  grnOi  showing  that  the  tissues  are 
holding  on  to  this  constituent.     It  cannot  lie  doubted,  Viowever, 
I  that  under  ordinary'  conrlitions  we  use  salt  in  quantities  murh  larger 
;than  is  necessjiry  to  maintain  the  sodium  chlorid  <'ontent  of  the 
.bhM>d.     It  is  employeil  as  a  condiment  lor  its  pleasant  (luvor,  and  it 
iis  possible  that  its  use  is  often  carried  to  excess.     It  can  l^e  shown, 
fin  fact^  that  by  increasing  the  intake  of  salt  an  edematous  condition 
;Of  the  tissues  may  Ik*  pnxluceH,  owing  to  the  fact  that  t^ie  salt 
increases  the  osmotii-  pressure  in  the  tissues.     So  also  in  conditions 
lOf  edeinu  or  inflammation  restriction  of  the  salt  of  the  diet  may  give 
(the  contrary  residt  and  help  to  restore  the  tissues  to  a  normal  state 
,'as  regards  their  water  contents. 

I  The  calcium  salts  of  the  body  play  a  most  important  role  in 
^connection  with  the  irritability  of  muscle  ami  nerve  (p.  570). 
They  are  also  of  obvious  importance  in  furnishing  material  for 
the  growth  of  the  skeleton.  Their  importance  in  this  regard  has 
been  demonstrated  by  feeding  experiments.  Young  dogs  when 
igiven  a  diet  ix)or  in  calcium  salts  fall  into  a  condition  reseraliling 
^tickets  in  children,  owing  to  a  tieficient  growth  of  the  tx>nes.  Pig- 
eons also,  when  fed  ii[X)n  a  similar  diet,  exhibit  an  atrophy  and 
fragiUty  of  the  Ixines  due  iloubtless  to  the  lack  of  calcium  salts. 
As  in  the  case  of  the  other  food  materials,  there  must  l>e  a  definite 
calcium  metabolism  in  the  boily.  It  is  probable,  indeed  certain, 
that  most  of  the  calcium  salts  ingested  simply  pass  through  the 
body  without  entering  into  its  structure.  They  are  eliminated 
unchanged  or  unused  in  the  feces  or  urine,  A  small  jiortion,  how- 
ever, must  be  absorbed  and  used  and  a  corresponding  amount  must 
be  eliminated  as  a  true  waste  proiluct  of  tissue  metabolism.  Voit, 
by  experiments  upon  isolated  loops  of  the  intc»stine,  has  shown 
that  some  calcium  is  constantly  eliniinated  from  tfic  inner  surface 
of  the  intestine.  The  amount  is  small,  not  exceeding  perhufjs  0.15 
to  0.16  grsims  per  day.  There  Ls  some  evidence  that  the  amount 
of  calcium  in  the  tissues  increases  with  age.     This  is  certainly 

*  For  an  interesting  dificua^on,  see  Bunge,  "Phyiiiologie  dea  Menscben," 
vol.  ii..  p.  103,  1901. 


924 


NUTRITION    AND    HEAT   REGULATION. 


true  of  the  bones,  which  become  exceedingly  brittle  in  advanc 
life,  and  is  evident  also  in  the  arteries,  whose  elasticity  diminishes" 
as  the  calcium  salts  deposited  in  their  coats  are  increased.  Under 
pathological  conditions  deposition  of  calcium  salts  fcalcium  car- 
bonate) in  the  tissues  may  be  markedly  increase<J,  as  is  shown 
by  the  conditiim  of  the  arteries  in  arterial  sclerosis  and  the  con- 
dition of  the  crj'stalluie  lens  in  senile  catnrat:t. 

The  iron  salts  that  are  constantly  necessary  for  the  production 
of  new  hemoglobin  are  provided  in  our  food,  in  which  they  exist 
in  organic  combination.  The  value  of  the  food  in  this  respect 
varies  greatly,  as  may  be  seen  from  the  following  table  selected 
from  Bunge's  analysis: 


100  gma.  of  dry  substance  contain  iron  in  millijn^rns.  as  follows 

White  of  egg trace      Apples 

Rice lto2 

Wheat  flour  (bolted) . .     1 .6 

Cows'  milk 2.3 

Potatoes 6.4 

Peas 6.2  to  6.6 

Carrot.s 8.6 


13 

17 
17 

.snarttmi3 20 

Yolk  of  egg m  to  24 

Spinach 33  to  39 


Cabbage  (green  leaves) . 
Beef 

Asi 


In  conditions  of  malnutrition^  particularly  in  the  simple  anemias, 
it  l^ecomes  necessarv'  to  select  a  diet  with  reference  to  its  contents 
in  iron  or  to  add  iron  deliberately  to  the  diet.  Therapeutically 
iron  may  l>e  given  in  the  form  of  simple  salts  with  organic  or  mineral 
acids  or  in  more  complex  organic  combination.  There  has  been 
much  controversy  as  to  whether  the  body  is  capable  of  taking 
the  iron  in  inorganic  form  and  syntheAizing  it  into  a  molecule  so 
complex  as  that  of  hemoglobin.  Experience,  however,  seem  to 
show  that  this  is  possible,  although  under  nornwl  conditions  at 
least  our  iron  is  used  in  organic  form.  Hunge  first  isolated  such  a 
compound,  a  nucleo-albumin  containing  iron,  wliich  he  prepared 
from  the  egg  yolk  and  called  hematogen.  This  compound  must 
serve  as  the  source  of  the  hemoglobin  in  the  developing  chick. 
When  the  diet  ia  directed  especially  toward  increiising  the  iron 
food  it  would  seem  to  be  wiser  to  choose  these  compounds,  or,  better^| 
stilly  the  iron-rich  foods,  rather  than  medicinal  preparations  of" 
the  inorganic  salts.  The  daily  excretion  of  iron  from  the  body 
takes  place  in  the  feces  ratlier  than  in  the  urine.  The  exfx^rimenta 
of  Voit  upon  isolatetl  loops  of  the  intestine,  referred  to  above,  show 
that  iron  is  eliminated  from  the  walls  of  the  intestine.  The  whole 
history  of  the  metabolism  of  iron  in  the  bo<ly  is  8urrounde<l  by 
much  uncertainty.  After  absorption  its  synthesis  to  hemoglobin 
takes  place,  a^  to  its  final  stages,  in  the  nvl  rnarrnw,  but  it  is  possible 
that  other  organs  may  take  part  in  the  formation  of  intermetiiate 
products.  As  regards  its  elimination,  we  know  that  the  breaking 
down  of  the  hemoglobin  {formiition  of  bile  pigments)  occurs  prob- 
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ably  in  the  liver,  but  the  final  excretion  of  the  iron  takes  place 
mainly  througfi  the  wiills  of  the  intestine. 

Accessory  Articles  of  Diet, — Under  this  general  term  we  may 
include  all  those  Ijodies  classed  as  condiments,  fimvrs,  and  siirrm- 
laniSj  which  we  habitually  take  in  our  diet  in  order  to  enhance  the 
attractiveness  of  the  food.  These  substances  may  or  may  not 
have  some  heat  value  to  the  Ixidy — that  is.  they  may  undergo 
oxidation  with  the  liberation  of  heat  eneri^':  but,  in  general  their 
value  in  nutrition  is  due  to  other  properties. 

The  Flavors  and  Candinicnts, — Perhaps  the  most  important 
influence  exerted  by  these  bodies  is  that  by  making  the  food  appe- 
tizing they  increase  the  secretion  of  gastric  juice.  The  origin  of 
the  so-called  psychical  secretion  has  l>een  described  (p.  775),  and 
there  can  be  little  doubt  that  the  palntableness  of  food  influences 
greatly  the  facility  with  which  its  gastric  digestion  is  accomplished. 
It  is  said,  in  fact,  that  dogs  will  refuse  t-o  eat  food  that  has  been 
deprived  entirely  of  its  sapidity  and  flavor,  preferring  rather  to 
stan'e.  Some  of  these  substanr^es  (pepper),  as  also  the  stimulants 
(alcohol),  may  have  an  additional  value  in  that  they  increase  the 
rapidity  of  absorption  fnim  the  stomach.  Giuitier  divides  the 
condiments  into  the  following  classes:  (1)  Aromatic^,  romf>rising 
vanilla,  anise,  cinnamon,  nutmeg,  and  other  similar  essential  oils. 
(2)  Peppers.  (3)  The  alliaceous  condiments, — garlic,  mustard, 
etc.  (4)  The  add  condivients, — vinegar,  citron,  pickles,  etc.  (5) 
The  salUf  condiments,  such  as  table  salt.     (6)  The  s\t(far  condiments. 

The  Siimvlants. — I'nder  this  head  we  include  alcohol,  tea,  coffee, 
chocolate,  or  cocoa,  and  meat  extracts  (beef  tea,  etc.),  Itcgarding 
the  last  mentioned  sul)stance,  its  ph}*siological  vakie  has  l>een  made 
clear  by  the  work  of  Pawlow  (p.  775).  .Meat  extracts  of  various 
kinds  contjiin  secretogogues  which  stimulate  the  gastric  glands  to 
secretion.  In  themselves  they  may  contain  very  little  actual 
foodstuff.  Liebig's  extract  contains  some  protein,  gelatin,  and  gly- 
cogen, which  form  an  actual  nourishment,  but  its  specific  value 
as  a  gastric  stimulant  depends  upon  other  constituents^  possibly  the 
nitrogenous  extractives, — creatin,  xanthin,  camin,  etc.  C-offee 
and  tea  owe  their  well-known  stimulating  action  to  the  presence 
of  an  alkaloid,  caflfein  or  trimeth>I-xanthin.  It  may  be  considered 
as  xanthin  in  which  three  of  the  hydrogen  atoms  have  been  re- 
placed by  methyl  (CHJ  groups,  as  is  indicated  in  the  following 
k structural  formulas: 
HN— CO  CH.N^CO 

^  CO    C— NH  '^    A_M^CH. 


r 
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This  alkaloid  has  a  diuretic  action  on  the  kidneys  and  a  stimulating 
effect  on  the  nerve  centers,  as  is  ilhistrated  by  its  effect  in  raiang 
blood-pressure  by  an  action  on  the  vasocon*strictor  center.  The 
influence  of  tea  and  coffee  in  preventing  sleepiness  may  l)e  rcfenwl 
to  this  action  on  blood-pressure.  The  use  of  these  substaoMi, 
according  to  general  experience,  augments  muscuLir  enei^  lad 
diminishes  the  sense  of  fatigue.  Cocoa,  or  the  chocolate  made 
from  it  by  the  addition  of  sugar,  contains  considerable  nouri^ 
ment  in  the  form  of  fats,  carbohydrates,  and  proteins,  but  its  stimu- 
lating effect  is  referred  to  the  alkaloid  theobromin  or  dimelhyl- 
xanthin,  and  to  some  extent  possibly  ta  the  essential  oils  developed 
in  roastinj^:.  The  theobromin  exerts  stim\ilating  effects  similar  to 
those  of  the  i-affeiii,  and  experiments  indicat-e  that  in  mntitraK' 
doses  of  from  20  to  30  grams  per  day  cocoa  has  no  perceptiWr 
injurious  effect.  The  methylxanthins  are  in  part  oxidized  b 
the  body  luid  in  part  (one-third)  excreteii  in  the  urine. 

Alcohol. — ^Thc  physiological  effects  of  alcohol  are  of  pecuEir 
interest  to  mankind,  owing  to  it-s  wldesprea^l  use,  and  especially 
to  the  disastrous  results  following  its  intemperate  consumptiaa 
Those  who  employ  it  in  excess  are  in  danger  of  acquiring  an  alco- 
holic thirst  or  habit  toward  which  the  Ixxly  possesses  no  counter 
acting  regulation.    When  food  is  eaten  in  excess  we  experience  a 
feeling  of  satiety  which  destroys  the  desire  for  more  food,  and  the 
same  regidation  prevails  in  the  case  of  water.     With  alcoholic 
drinks,  however,  the  desire  may  continue  long  after  the  alcobnl 
taken  has  bcgim  to  exert  an  injurious  action  upon  the  tisBua 
The  evil  effects  of  excessive  use  of  alcohol  are  so  continually  demoih 
etrated  u]x>n  man  that  there  is  no  nce<[  for  ex jjeri mental  invreti* 
gations  to  establish  this  fact.     Tathological  examination  of  the 
tissues  in  the  case  of  confirmed  drunkards  has  demonstrated  ll*i 
existence  of  definite   lesions  in   many   of  the  organs, — stcroMth! 
liver,  heart,  nervous  system, — and  have  8ho\\T)  that  under  thett 
conditions  it  acts  as  a  tissue  poison.*     This  restdt  is  exhibited 
not  only   in  cases   of   chronic  alcoholism  in  which   these  lesQOOft 
have  developed  gradually,  but  also  in  cases  of  acute  alcobofioD 
resulting  from  excessive  doses.     On  the  other  hand,  it  is  koon 
that  many  individuals  use  alcohol  in  mo<lerate  doses  throi 
life  with  no  noticeable  evil  result,  but .  on  the  contrary,  with 
benefit,  particularly  in  advanced  life.    The  matter  of  pnu't 
importance  and  interest  is  to  determine  the  physiological 
moderate  doses  of  alcohol.    Does  it  serve  a  useful  purpose, 
as  a  food  or  stimulant,  or  is  it  a  poison  in  all  doses  to  a  greater 
less  extent  ?      The  literature  upon  the  subject  is  vcr\*  large 

♦See  Welch.  "Tlie  Puthological  Effects  of  Alcohol,"  in  '•  Ph 
Aspects  of  the  Liquor  Problem/'  vol.  il,  1903. 
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n  many  respects  conflicting.  Only  a  brief  summaty  can  l>e 
ittempte<l  here.  Regarding  it-s  stimulating  action  the  general 
ixperience  of  mankind  attril)iites  a  result  of  this  kind  to  its  use 
ia  small  quantities,  but  the  experimenta!  evidence  is  of  an  unrer- 
lain  nature.  Some  observers  have  t'htinteil  that  the  reartitm 
time  is  diminished  after  the  use  of  alcohol,  but  most  of  the  recent 
investigation  goes  to  show  that  in  the  work  of  skilled  labor,  in 
which  tiie  neuromuscular  machinerA^  is  involve*!,  alcohol  even 
in  small  quantities  decreases  the  efficiency.*  It  has  been  sug- 
gested, therefore,  that  as  regards  the  higher  nerve  center.s  it  acts 
from  the  l^eginning  as  a  narcotic  or  paralyaant  to  the  inhibitory 
centers.  B)^  thiis  removing  inhibitory  control  there  is  an  apparent 
increase  in  activity  which  Is  not  due  to  a  direct  stimulating  effect. 
On  other  merhanLsms  different  results  iire  reported.  Thus  it  is 
Stated  that  the  secretion  of  the  gastric  and  of  the  pancreatic  juice 
I  is  markedly  incrca.sed  by  the  use  of  alcohol  in  small  doses,  so  far, 
&t  least,  as  the  water  sccTction  is  concerne<L  The  content  of  the 
secretion  in  digestive  ferment'^  seems  to  be  diniinishetl.  On  the 
heart  and  blood-vessels  alcohol  in  small  quantities  appears  to  have 
no  positive  effect  of  a  stimulating  clmrm^ter.  It  is  known  that 
even  in  small  doses  it  causes  a  dilatation  of  the  skin  vessels,  giving 
a  feeling  of  warmth  and  leading  to  increased  loss  of  heat;  but 
whether  this  effect  is  due  to  a  stimulation  of  the  vasodilator  centers 
or,  as  seems  more  ftrohable^  to  a  narcotic  or  depressing  action 
up>on  the  vasoconstrictor  centers  has  not  been  definitely  demon- 
strated. The  experience  of  explorers  bears  out  the  general  view 
that  under  conditions  of  stress  and  of  njaintaiucd  exertion  alfohol 
is  of  little  value  as  a  stimuhint  to  the  neuromuscular  apfnirittus. 
Whatever  action  it  has  in  this  direction  is  temporar\\  and  is  due 
probahh'  to  an  initial  stimulating  effect  upon  the  afferent  fil>ers  of 
the  mucous  membrane  of  the  stomach.  A  drink  of  whisky,  for 
example,  may  remove  promptly  the  feeling  of  faintness  due  to  a 
vasomotor  collapse^  following  an  accident,  by  a  reflex  effect  of  this 
kind  on  the  vasomotor  apparatus.  After  the  day's  work  is  done, 
or  in  conditions  of  mental  tioprcssion,  the  use  of  alcohol 
may  remove  the  sense  of  fatigue  and  exhaustion  antl  lead 
to  a  sense  of  wcll-lH.*ing.  The  most  impiirtant  work  of  re- 
cent years  has  Ix^cn  directed  toward  detcnnining  the  nutritive 
value  of  alcohol.  Does  it  function  under  any  circumstances  as  a 
food?  Mucli  depemls  in  such  a  discussi(»n  upon  tlie  meaning  of 
the  terms  used.  In  the  present  brief  statement  it  is  to  Ik*  umier- 
stoofl  that  by  footl  is  meant  material  which  can  be  oxidized  in 
the  body  with  the  production  of  usable  energy,  but  without  in- 

•For  literature  and  discussion,  see  Ahel,  "The  PharmacoloRical  Action  of 
Alcohol,"  in  "Physiological  A.sptrrs  of  flu^  tjquor  Problfrn,"  vol.  ii.,  1903; 
and  Horsley  ami  Sturgf,  **Aloohiil  iind  ihv  Huinnn  Bo<ly,"  1907. 
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jurious  effect  upon  the  tissues,  and  moreover  a  material  whose 
consumption  protects  some  of  the  other  foodstuffs — fats,  carbo- 
hydrates, and  protein — from  destruction.  In  the  first  place,  there 
is  no  doubt  that  aioohol  is  oxidized  in  the  Lod\\  Various  observers 
estimate  that  as  much  as  ^K)  to  i*S  per  cent,  of  the  alcohol  absorbed 
is  destroyed.*  ^ince  1  gm.  of  alcohol,  when  burnt,  yields  7  calories 
of  heat,  it  is  evident  that  its  oxiilation  in  the  IxKiy  must  yield  a 
large  supply  of  heat  energ}'.  The  question  arises  whether  thb 
oxidation  of  the  alcohol  occurs  in  addition  to  the  normal  metab- 
olism of  the  protein  and  non-protein  foodstuffs,  or  whether  it  pro- 
tects and  takes  the  place  of  these  foodstuffs.  With  regard  to  the 
non-proteins  a  number  of  observers  have  attempted  to  determine 
the  point  by  ascertaining  the  total  carbon  excretion  during  an 
alcohol  period.  If  the  usual  amount  of  material  is  burnt,  and  the 
alcohol  in  addition,  it  is  evident-  that  the  carbon  excretion  should  be 
markedly  increased-  Most  observers,  however,  find  that  it  re- 
mains practically  the  same.  Such  results  as  the  following  have 
been  obtainetl: 

««„,»*«.  ««j  n^^^^i^*  I  Aloohol-free  days. .   251.9  gms.  carbon. 
At  water  and  Benedict  |  ^,^^,^^j  days ..'... .  J3S^     - 

—  13.4     " 
Tj;-__-                             /  Alcohol-free  days. .  212.58  gms.  carbon. 
^^™ t  Alcohol  days 220^    " 

-f  8.2G     "  " 

rn^     ..                         j  Alcohol-free  davs. .  214.H3  ems.  carbon. 
^*^P*" t  Alcohol  days 22087     " 

-j-  5.CH     '• 

These  results  indicate  that  the  alcohol  is  used  by  the  body  in  pi 
of  the  other  carbon-containing  foodstuffs,  and  this  conclusion  b 
corroborated  by  cxperiment-s  reportetl  by  Atwater  and  Benedict 
in  which  the  total  ener^'  given  off  from  the  body  as  heat  was 
measured  in  a  respiration  calorimeter.  The  average  of  their  ex- 
periments gave  for  the  alcohol  days  2752  calories  and  for  the  alco- 
hol-free days  2723  calories. 

Theoretically  if  the  alcohol  takes  the  place  of  the  other  material  the 
amount  of  t-arhion  dioxid  excreted  should  be  diminished.  One  ^n^m  of 
alcohol  when  oxidized  fumisfies  ns  much  heat  as  1.7  gms.  of  .sugar  or  0.75  Brn. 
of  fat.  But  1  pn.  of  alcohol  when  bunit  vieMs  only  1.91  gms.  of  (X),,  whUe 
1.7  gms.  of  suRar  yield  2.77  pms.  COj,  and  0.75  Rin.'of  fat,  2.13  gms.  of  CCV 
If  fat  were  replaced  by  the  aK^ohoI  the  amoiuit  of  C()»  should  be  reduced 
about  10  jier  cent.,  while  if  the  sugar  were  replaced  the  reduction  should 
amount  to  31  per  ceut.  That  such  a  reduttioii  U  not  actually  obeerxed  a 
explained  by  tte  fact  that  the  alcohol  leads  to  more  muscular  artiniy  and 
a  greater  lo»8  of  heat  froiu  the  cougei^ted  fjktn,  thus  indirectly  augmetitirig 
the  oxidations  of  the  IxKly. 

To  determine  whether  the  combustion  of  the  alcohol  protects  the 
protein  material  from  metabolism  to  the  same  extent  as  is  done  by 

•  See  Atwater  and  Benedict,  Bulletin  69,  United  States  Departmeot  of 
Agriculture,  1889;  abio  Memoirs  of  the  Natioa&l  Academy  of  SciedoeB,  8,  1902. 
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carbohydrates  and  fats,  experiments  have  been  made  in  which  the 
individual  was  brought  int4.)  nitrogen  equihbrium  on  a  mixed  diet. 
Then  for  a  given  period  a  portion  of  the  carbohytlrate  was  omitted 
and  alcohol  in  isodynamic;  amounts  was  sul>stituted.  The  result 
was  an  increatte  in  tlie  nitrogen  excretion,  showing  that  the  alcohol 
did  not  protect  fully  the  protein  tissue.  In  a  third  period  the 
first  diet  was  resumed,  and  after  nitrogen  equilibrium  had  again 
been  established  the  same  proportion  of  carbohydrate  was  omitted 
from  the  diet,  but  this  time  alcohol  was  not  substituted.  If  the 
diet  was  poor  in  protein  it  was  foimd  that  less  protein  was  lost  from 
the  body  when  the  alcohol  was  omitted  than  when  it  was  used. 
Hence  alcohol  not  only  did  not  take  the  place  of  the  carbohydrate 
in  protecting  the  protein,  but  it  actually  caused  an  increased  pro- 
tein consumption,*  Other  observers  (Neumann.  Koscmann  t)  have 
found  that,  although  the  effect  just  descriljed  may  occur  in  the  first 
few  days,  yet  if  the  alcohol  diet  is  maintained  the  injurious  effect 
exercised  by  it  disappear,  the  l>ody  ceases  to  lose  its  protein  tissue, 
and  may  even  lay  on  protein.  These  results,  taken  with  those 
given  above,  indicate,  thereforet  that  the  alcohol  may  actually 
take  the  place  physiologically  of  fat  or  carlxthj'd rates  as  a  sourc* 
of  energ>'  and  as  a  protector  of  protein  metabolism.J  Under  these 
circumstances f  therefore,  it  acts  as  a  true  foodstuff.  It  is  perhaps 
scarcely  necessar>'  to  emphasize  the  fact  that  this  scientific  con- 
clusion does  not  mean  that  alcohol  can  be  regarded  as  a  prac- 
tical food.  Its  expensiveness,  its  dangers  when  the  dose  Ls  too 
large,  etc.,  prevent  us  from  regarding  it  in  this  light.  As  Rosemann 
says,  however,  it  is  fxissible  that  on  account  of  its  remly  absorption 
and  palatableness  it  may  form  a  useful  substitute  for  the  solid, 
non-nitrogenous  foodstuffs  in  sickness.  This  suggestion  seems 
to  be  Bupfwrted  by  many  reports  of  cases  in  which  alcohol  has  ser\'ed 
as  the  sole  or  main  nutriment  during  the  critical  periods  of  fevers 
and  in  other  conditions,  but  it  needs  to  Im  tested  more  carefully  by 
direct  experiments  before  it  can  be  accepted  generally  for  prac- 
tical purposes.  In  line  with  this  suggestion  there  are  some 
results  upon  diabetic  patients  (Benedict  and  Torok)  which  in<li- 
cate  that  in  this  condition  alcohol  used  as  a  food  diminishes  the 
production  of  acetone  bodies  anil  protects  the  protein. 

•  Sec  Miura,  "Zeitftchrift  filr  klin,  Medicin,"  20,  1892. 

t  Set'  Rost-mumi,  **Archiv  f.  die  ge«anunte  Phyaiolo^e  "  86,  :i07,  1901,  und 
100,  'MS,  nm,  for  discusBion  and  litorature.  Also  "Handbuch  d.  Biochemie," 
4,  413,  1911. 

J  Sec  also  Alwat4'r  and  IWnedict,  '*Memoira  of  Nfttional  Academy  of 
Seienctti,"  1902;  and  Atwatrr,  "The  Nutritive  Value  of  Alcohol,"  in  "Physi- 
ological Aspects  of  the  Liquor  Probleou/'  vol.  ii.,  1903. 
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EFFECT  OF  MUSCULAR  WORK  AND  TEHPERATURE  ON 

BODY  METABOLISM—HEAT  ENERGY  OF 

FOODS^DIETETICS- 

The  Effect  of  Muscular  Work.— It  is  a  matter  of  common 
knowledge  that  muscular  exercise  increases  the  food  consumed, 
and  scientific  experiments  have  shown  that  it  greatly  augments 
the  consumption  of  material  in  the  body.  Physiologists  have 
attempted  to  determime  which  of  our  energy-yielding  foodstuffs 
is  directly  affected  by  muscular  activity.  A  brief  statement  of 
the  development  of  our  knowledge  upon  this  point  will  make  clear 
our  present  theories.  According  to  Licbig,  our  foods  fulfill  two 
general  purposes  in  the  body;  they  are  burnt  to  supply  hea.t,  respira- 
tory' foods— fats,  and  carbohydrates,  or  they  are  used  to  construct 
tissue,  plastic  foods — proteins.  It  seemed  to  follow,  from  this 
generalization,  that  muscular  tissue  in  activity  should  use  protein 
miit^rial,  and  it  was  believed  at  that  time  that  the  metabolism  of 
protein  furnished  the  source  of  muscular  energy.  That  it  is  not 
the  sole  source  was  demonstrated  by  the  interesting  experiments 
of  Fick  and  Wislicenus.  These  physiologists  ascended  the  Faul- 
horn  t^  a  height  of  1956  meters.  Knowing  the  weight  of  his  body, 
each  could  estimate  how  much  work  was  done  in  ascending  such 
a  height.  Pick's  weight,  for  example,  was  66  kilograms;  therefore 
in  chmbing  the  mountain  he  performed  66X1956=129,096  kilo- 
grammeters  of  work.  In  addition,  the  work  of  the  heart  and  the 
respirator>'  muscles,  which  could  not  be  tletermined  accurately, 
was  estimated  at  30,OOQ  kilogrammeters.  There  was,  moreover, 
a  certiiin  amount  of  muscular  work  performed  in  the  move- 
ments of  the  arms  and  in  walking  upon  level  ground  that  was 
omitted  entirely  from  their  calculations.  For  seventeen  hours 
before  the  ascent,  rluring  the  climb  of  eight  hours,  and  for  six 
hours  afterward  their  food  was  entirely  non-nitrogenous,  so  that 
the  urea  eliminated  came  entirely  from  the  protein  of  the  body- 
Nevertheless,  when  the  urine  was  collected  and  the  urea  estimated, 
it  was  fotmd  that  the  energy  contained  in  the  protein  destroyed, 
reckoned  as  heat  energy,  wiis  entirely  insufficient  to  account  for 
the  work  done.  Although  later  estimates  would  modify  somewhat 
the  actual  figures  of  their  calculation,  the  margin  was  so  great  that 

930 


I 


■  EFFECT  OP  MUSCULAR  WORK  AND  TEMPERATURE.  931 

the  experiment  has  been  accepted  as  showing  conclusively  that  the 
total  energ>'  of  muscular  work  does  not  come  necessarily  from  the 
oxidation  of  protein.     Later  experiments  made  by  Volt  upon  a 
dog  working  in  a  tread-\vheel  and  upon  u  man  performing  work 
while  in  the  respiratory  chamber  gave  the  surprising  result  that 
not  only  may  the  energy  of  muscular  work  be  far  greater  than  the 
heat  energ)'  of  the  protein  simultaneously  oxidised,  but  that  the 
performance   of   muscular   work    within    certain    limits    does   not 
affect  at  all  the  amount  of  protein  metabolized  in  the  body,  since 
the  output  of  urea  is  the  same  on  working  days  as  during  days  of 
reet.     Careful  experiments  by  an  English  physiologist,  Parkes,  made 
upon   soldiers,   while  resting  and  after  performing  long  marches, 
showed  also  that  there  is  no  distinct  increase  in  the  secretion  of  urea 
after  muscular  exercise.     It  followcfl  from  these  latter  experiments 
that  Liebig's  theory  as  to  the  source  of  the  energ}^  of  muscular 
work  is  incorrect,  and  that  the  increase  in  the  oxidations  in  the 
body,  which  undoubtedly  occursduringmuscularactivity, must  affect 
only  the  non-protein  material — that  is.  the  fats  and  carbohydrates. 
Subsequently   the   cjviestion   was   reopened    by   experiments  made 
under   Pfliiger  by   Argutinsky.*     In   these  experiments  the   total 
nitrogen  excreted  wjis  determined  with  especial  care  in  the  sweat 
as  well  as  in  the  urine  and  the  feces.    The  muscular  work  done 
consisted  in  long  walks  and  mountain  climbs.     Argutinsky  found 
that  work  caused  a  marked  increase  in  the  elimination  of  nitrogen, 
the  increase  extending  over  a  period  of  three  days,  and  he  estimated 
that  the  additional  protein  metabolized  in  consequence  of  the  work 
was  sufficient  to  account  for  most  of  the  energ\'  expended  in  per- 
forming the  walks  and  climbs,     A  number  of  objections  have  Ijeen 
made  to  Argutinsky's  work.       It  has  been  asserted  that  iluring  his 
experiment  he  kept  himself  upon  a  diet  deficient  in  non-protein 
material,  and  that  if  the  supply  of  this  material  had  been  sufficient 
there  would   not   have   Ixwn   an   increase  in   protein   metabolism. 
These  experiments  were  repealed  in  various  forms  by  many  ob- 
servere   (Zuntz,  Speck,   d  al.).   and   the  general   result  has  been 
the  abandonment  of  both  the  former  views^the  Liebig    theory, 
that  the  energy'  comes  only  from  the  consumption  of  protein,  and 
the  Voit  theory,  that  it  comes  only  from  the  oxidation  of  non-pro- 
tein material.     It  hits  l)pen  fotmd  that  in  muscular  work  carried  to 
the  ordinary  extent  protein  material,  in  excess  of  that  destroyed  in 
conditions  of  rest,  may  or  may  not  be  used  according  to  the  amount 
of  fats  and  carhohytlrat-cs  conlaine<l  in  the  <liet.     If  these  latter 
elements  are  in  sufficient  quantity  Ihey  furnish  the  energy  required, 
and  the  protein  metabolism  is  not  increased  by  work.     If,  however, 

•  Argutinflky,  "Pflilger's  Archiv  f,  die  gesammle  Physiologie, "  46,  652, 
1890. 


932 


NUTRITION    AND    HEAT   KEGITIlATION. 


the  non-proteins  are  not  sufficient  in  quantity  some  of  the  energy 
is  obtained  at  the  expense  of  the  protein  of  the  body,  and  there  is 
an  increase  in  the  nitrogen  excretion.  We  may  believe,  in  fact, 
that  the  energy  necesvsary  for  muscular  work  may  be  obtained  from 
any  of  the  eustoniary  foodstuffs — carbohydrates,  fat,  or  proteins. 
It  seems  probable  that  the  sugar  (glycogen)  of  the  muscle  is.  so  to 
apeak,  the  eiisdest  source;  but,  when  the  carlxjhydrates  are  deficient 
or  absent  altogether  in  the  diet,  muscular  exercise  is  accompanied 
by  an  increase  in  the  consumption  of  fals  or  proteins  or  both. 
According  to  tlte  view  aiiopte*!  in  the  preee<iing  pages,  it  will  be  re- 
membered that  when  prolein-foofl  is  used  as  a  source  of  energy 
the  nitrogen  is  split  off  in  the  tissues  by  the  process  of  deaminiza- 
tion  of  the  ainino-acids.  According  to  this  view,  therefore,  the 
\vt>rk]ng  muscle  cells  obtain  their  energy'  always  by  oxidation  of 
non-nitrogenous  nuiterial,  although  a  portion  of  this  material  may 
have  been  derived  ultimately  from  the  protein  of  the  food.  The 
Voit  theory  is  correct  to  the  extent  that  on  an  abundant  non-pro- 
tein diet  much  muscular  work  may  be  done  without  any  increase 
in  the  consumption  of  the  organized  protein  tissue.  The  muscle 
is  a  protein  machine  for  the  accomplishment  of  work,  but  in  the 
performance  of  moderate  work  there  is  apparently  no  greater] 
wear  and  tear  of  the  machinery,  no  greater  tisvsue  waste,  than  under 
resting  conditions.  If,  however^  ihe  muscular  work  is  exccj^ive, 
the  tissue  waste  may  be  increased.  Argutinsky  found  an  in- 
creased nitrogen  elimination  Itisting  two  or  three  days  after  the 
cessation  of  the  work.  It  is  probable  that  this  result  indicates  a 
greater  waste  of  the  protein  apparatus  itself,  antl  this  idea  is  borne 
out  l)y  the  fact  that  under  similar  conditions  other  observers  have 
detected  an  increase  in  the  creatinin  and  uric  acid  excretion, 
nitrogenous  wastes  that  arc  derived  from  the  tissue  protein  of 
muscle.  The  effect  of  muscular  work  on  the  carbon  excretion .  car-I 
l)on  thoxid,  is.  of  cour.se,  markeil  and  invariable-  Some  extra  ma- 
terial must  Ije  oxidixed  to  furnish  the  energy,  and  since  this  maieridl 
is  usually  sugar,  or  sugar  and  fat,  nr  the  non-nitrogenoas  portion 
of  the  protein  of  the  diet,  the  effect,  so  far  as  the  excretions  are  con- 
cerned, will  Ije  most  manifest  in  the  amount  of  carbon  dioxid 
given  f>fT.  Fcttenkofer  and  \'oit  found  that  the  carbon  dioxii 
eliminated  by  a  man  during  a  day  of  work  was  nearly  double  tha' 
excreted  during  a  day  of  rest.  Along  with  this  rise  in  the  carl 
dioxid  excretion  there  is  a  corresponding  increase  in  the  absorptioof 
of  oxygen.  These  results  are  well  illustrated  in  the  following 
table,  w^hich  sliows  the  effect  of  posture  and  of  severe  muscular 
work  upon  the  hourly  excretion  of  carbon  dioxid  and  absorption  of 
oxygen  (Benedict  and  Carpenter),* 

*  Carnegie  Institution  of  Waahington^  No.  126,  1910. 
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Metabotism  During  Sleep. — It  has  been  shown  that  during 
irieep  there  is  no  niarked  change  in  the  total  nitrogen  exorotod^ 
tod  therefore  no  distinrt  derrease  in  the  protein  metabolism. 
lA<*cording  to  Siven,  there  is  a  distinct  diminution  in  the  secretion 
jof  the  endogenous  puriii  nitrogen.  On  the  contr^try,  the  carbon 
^dioxid  eliminated  and  the  oxygen  ahsorhed  are  unquostionubiy 
Idiminished.  This  latter  fact  finds  its  simplest  explanation  in  the 
{Supposition  that  the  muscles  are  less  active  during  sleep.  The 
Ijnuscles  do  less  work  in  the  way  of  contractions,  and,  in  addition, 
[.probably  suffer  a  diminution  In  tonicity,  which  also  affects  their 
'UaaJ  metabotism. 

I        E£fect   of  Variations   in   Temperature, — In   warm-blooded 
ifljiimais  variations  of  outside  temperature  within  ordinan,'  limits 
do  not  aflect  the  body  temperature.     An  account  of  the  means  by 
'Vluch  tliis  regulation  is  effected  will  be  found  in  the  chapter  upon 
[Animal  Heat.    So  long  as  the  temperature  of  the  body  remains  con- 
stant, it  has  been  found  that  a  fall  of  outside  temperature  may 
increase  the  oxidation  of  non-protein  material  in  tlie  body,  the  in- 
I  crease  being  in  a  general  way  proportional  to  the  fall  in  tempera- 
ture.    That  the  increased  oxidation  affects  the  non-protein  con- 
stituents is  shown  by  the  fact  that  the  nitrogenous  excreta  remain 
unchiingcfl  in  quantity,  other  conditions  being  the  same,  while 
the  oxygen  consumption  and  the  carton  dioxid  elimination  are 
increased.     This  effect  of  temperature  upon  the  l>ody  metabolism 
is  due  mainly  to  a  reflex  stimulation  of  the  motor  nerves  to  the 
muscles.     The  temperature  nerves  of  the  skin  are  affected  by  a 
,fall  in  outside  temperattire,  and  bring  about  rcflcxly  an  increased 
;innervation  of  the  muscles  of  the  body.     Indeed,  it  is  stat^l* 
that  unless  the  lowering  of  the  temperature  is  sufficient  to  cause 
shivenng  or  muscular  tension  no  increase  in  the  excretion  of  COj 

! results.  This  fact  suffices  to  explain,  therefore,  the  physiological 
value  of  shivering  and  muscular  restJessness  when  the  outside 
temperature  is  low.  The  fact  that  variations  in  outride  tempera^ 
ture  affect  only  the  consumption  of  non-protein  material  falls  in, 
therefore,  with  the  conception  of  the  nature  of  the  metabolism 
of  muscle  in  activity,  given  above.  When  the  means  of  regulating 
*  Jobaanson,  "Sk&ndinaviflcb«fl  Archiv  f.  Physiologie,"  7,  123,  1897. 
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the  body  temperature  break  down  from  too  long  an  exposure  to] 
excessively  low  or  excessively  high  temperatures,  the  tot^il  lx>dy 
metabohsm,  protein  as  well  as  non-protein,  increases  with  a  rise 
in  body  temperature  and  decrease's  with  a  fall  in  temperature.    In 
fevers  arising  from  pathological  causes  it  has  been  shown  that  there  ^J 
is  an  incrcasetl  excretion  of  nitrogen  as  well  as  of  carbon  dioxid.    ^M 

EfiFect  of  Starvation.— A  starving  animal  roust  Uve  upon  the 
mat^riul   present  in   its  l>ody.     This   material  consists  of  the  fat 
stored  up,  the  circulMting  and  tissue  protein,  and  the  glycogen. 
The  latter,  which  is  present  in  comparatively  small  quantities,  is  ^ 
quickly  useci,  disappearing  more  or  less  rapidly  according  to  the  H 
extent  of  muscular  movements  made.     Thereafter  the  animal  lives  H 
on  its  own  protein  and  fat,  and  if  the  stai-vntiim  is  continued  to  aS 
fatal  termination  the  body  becomes  correspondingly  emaciated. 
Exanuuati<in  of  the  several  tissues  in  animals  stanxd  to  death  has 
brought  out  some  interesting  facts.     Voit  took  two  cats  of  nearly 
equal  weight,  fed  them  equally  for  ten  da>s,  and  then  killed  one  to 
serve  as  a  standard  for  comparison  and  starved  the  other  for  thirteen 
days;    the  latter  animal  lost  1017  gms.  in  weight,  and  the  loeswaa 
divided  as  follows  among  the  different  organs:  ^m 

IXNM  TO  ^H 

ScrppoasD  Wkioht       Actual  Lo«»        Each  100  Qua.  ^^ 

OP  Oroana  BicroRK         or  Organs        op  Fkrsh  OiiaAir 
Starvation.  in  Gus.       (Pkrcentagk  Lufls) 

Bone 393.4  54.7  13.9 

Muscle 1408.4  429.4  30.5 

Liver 91.9  49.4  63.7 

Kidney 25.1  6^  25.9 

Sl>leeri 8,7  6^  66.7 

Pancreas 6.6  l.l  17.0 

Testes 2JS  1,0  40.0 

Lungs 15.8  2^  17.7 

Heart 11.6  0.3  2.6 

Intestines  118.0  20.9  18.0 

Brain  and  cord  ....  40.7  1.3  3.2 

Skin  and  liair 432.8  89.3  20.6 

Fat 276.4  267.2  97.0 

Blood 138.5  37.3  27.0 

Remainder 136.0  50.0  36.8 

According  to  these  results,  the  greatest  absolute  loss  was  in 
muscles  (429  gnus.),  while  the  greatest  percentage  loss  was  in  the  fat 
(97  per  cent.),  which  had  practically  disappeared  from  the  body. 
It  is  very  significant  that  the  central  nervous  system  and  the  heart, 
organs  which  we  may  suppose  were  in  continual  activity,  suffered 
practically  no  loss  of  weight:    they  had  liveii  at  the  expense  of  the 
other  tissues.     We  must  suppose  that  in  a  stan'ing  animal  the  fat  J 
and  the  protein  materials,  particularly  in  the  voluntary  musrles^fl 
pass  into  m>lution  in  the  bhmd.  probably  tis  a  n^sult  of  intra-      ] 
cellular  digestion   (autolysis),  and  are  then  u.-^d  t-o  nourish  the 
tissues  generally  and  to  supply  the  heal  necessarj-  to  maintain  the 
body  temperature.     Examination  of  the  excreta  in  star\dng  ani- 
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mats  has  shown  that  a  greater  quantity  of  protein  is  destroyed  dur- 
ing the  first  day  or  two  than  in  the  aubsequeni  dfiys.  This  fact 
is  explained  on  tiie  supposition  that  the  body  is  at  first  supplied 
with  a  certain  exeess  of  prot-ein  material,  circulating  protein,  de- 
rived from  its  previous  food,  and  that  after  this  is  metabolizefl 
the  animal  lives  entirely  ^  so  far  as  protein  consumption  is  con- 
cerned, upon  its  "tissue  protein."  If  the  animal  remains  quiet 
during  st.arv'ation,  the  amount  of  nitrogen  excret<^  daily  tHX>n 
reaches  a  nearly  constant  minimum^  sho^\ang  that  a  practically 
constant  amount  of  protein  (t^jgether  with  fat)  is  consumed  daily 
to  furnish  body  licat,  and  material  for  the  energ>'  needs  and  tissue 
wa»te  in  the  active  organs,  such  as  the  heart.  Shortly  before 
death  from  starvation  the  daily  amount  of  protein  consumed  may 
increase,  as  shown  liy  the  larger  amount  of  nitrogen  eliminated. 
This  fact  is  explained  by  a^-suming  that  the  body  fat  is  then  ex- 
hausted and  the  animal's  metabolism  is  confinetl  to  the  tissue 
proteins  alone.  The  general  fact  that  the  loss  of  protein  is  greatest 
during  the  first-  one  or  two  days  of  star\^ation  has  been  confirmed 
upon  men  in  a  number  of  interesting  experiments  made  upon 
professional  fast^rs.  For  the  numerous  details  as  to  loss  of  weight, 
variations  of  temperature,  etc.,  carefully  recorded  in  these  latter 
experiments,  reference  must  be  made  to  original  sources*  It  may 
be  adde<l,  in  conclusion,  that  the  fatter  the  body  is,  to  begin  with, 
the  longer  will  starvation  be  endured,  and  if  water  is  consumed 
freely  the  evi!  effects  of  starvation,  as  well  as  the  disagreeable 
sensatitms  of  hunger,  are  very  much  reduced. 

The  Potential  Energy  of  Food. — The  food  material  during 
digestion  and  after  abatrrptitm  undergi>es  numerous  chemical 
changes  in  the  body.  Some  of  these  changes  are  not  attended  by 
the  liberation  of  heat  to  any  marked  extent.  Such  is  the  case,  for 
instance,  with  the  hydrolytic  cleavages  of  the  molecule  which 
have  been  described  es]x^cially  in  connection  with  the  dige.stive 
pn>cesses.  As  an  example  of  this  fa<'t  one  may  take  the  inversion 
of  the  double  sugars — one  molecule  of  maltose  yields  two  molecules 
of  dextrose.  The  heat  value  of  a  gram  molecule  of  maltose  is 
1350.7  calories.  The  heat  value  of  the  dextrose  resulting  from  its 
inversion  is  i:^47.4  cd..  so  that  the  process  of  hydrolysis  liberates 
only  3.3  cal.  or  about  (1.2  per  cent,  of  the  total  available  energy  in 
the  maltose. t  Similar  hydrolytic  cleavages  occur  iloubtlesa  within 
the  tissues,  and  other  changes  connected  with  muscular,  nervous, 
and  glandular  activity,  find  the  building  up  and  breaking  down 
of  the  living  substance  take  place  constantly  as  a  part  of  general 

♦"Virchow'ft  Arcluv,"  vol.  Kil,  supplement,  18»J3;  and  biiriani,  "Dm 
Hungern,"  1S90.  Hee  also  Weber,  "  Kr^^ehnisse  der  Pliysiologic,"  vol.  i.. 
part  I..  1902. 

tSee  Herzo^,  "Zeit.  f.  phytiiol.  chcm.,"  37.  383,  1903,  &nd  T&ngl, 
•*Pfluger'8  Archiv,"  116,  I,  1906. 
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nutritional  metaholisni.     On  the  otlier  hand,  many  of  the  chemifjl 
processes  occurring  in  the  body  are  especially  valuable  on  account 
of  the  heat  liberated.     These  reactions,  for  the  moat  part,  it 
least,   are  <txitiations;  they  are  effected  under  the  influenrp  of 
oxidizing  enzymes  or  by  some  other  means  of  activating  the 
oxygen.     Tlie  various  stages  in  the  proc45ss  are  not  expUijieil. 
but  we  know  that  oxygen  is  necessar}^  and  that  tiie  carlnxi  &nd 
the  hydrogen   contained   in   the  substances   acte<i   upon  appear 
eventually  in  the  form  of  oxidation  products — namely.  catIh® 
dioxid  and  water — Liebig  designated  the  fats  and  carbohy(frAt« 
as  respiratory  foods  on  the  hypothesis  that  their  fate  in  the  body 
Ls  to  be  oxidized  and  furnish  heat.     While  this  view  is.  in  the 
main,  correct,  it  is  evident  now  that  a  portion  at  least  of  the 
protein  molecule,  after  the  splitting  oflf  of  the  nitrogen,  may 
also   undergo   oxidation    and    furnish    heat.     In    Liebig's  seiae, 
therefore,  the  proteins  play  the  part  of  respirator^'  or  heat-pro- 
ducing foods  as  well  as  acting  as  tissue  formers.     On  the  other 
hand,  fats  and  carbohydrate  material  may  enter  to  some  extent, 
together  with  the  protein,  into  the  s\Tithesia  of  cell  material,  and 
thus  play  the  r6le  of  a  plastic  or  tLssue-forming  as  well  as  of  a 
respiratory    food.     This    possibility    is    emphasized    by   modem  | 
theories  regarding  the  intenue<iiary  metabolism  of  the  carbohy-  | 
drates   (p.  897),    according  to  which  it  would  appear  that  the  , 
lactic  acid  formed  from  the  carbohydrates  may  be  converted  to  | 
an  amino-acid,  after  passing  through  a  ketonic  acid  stage.    We  | 
camiot  divide  the  foodstuffs,  therefore,  strictly  into  two  such  I 
claeises,  but  we  may  perhaps  consider  the  chemical  processes  in 
the  bo<^iy  under  the  two  heads  mentioned  above — namely,  the 
oxidation  or  heat^producing  changes  and  those  due  to  hydroljrtic 
cleavages,  8>Tithesis,  etc.,  which  are  attended  by  a  small  libera- 
tion of  heat,  or,  indeed,  may  l>e  accompanied  by  an  aljsorptioD 
of  energy  (synthesis) .     The  great  supply  of  heat  energy  needed 
by  the  body  to  uiiiintain  its  temperature  comee  from  the  oxid- 
ation processes.     The  heat  produced  in  and  given  off  from  the 
body  is  estimates!  in  terms  of  calories.    The  small  calorie  (c] 
gram-calorie  is  the  quantity  of  he^it  necessary  to  raise  one 
of  water  one  degree  centigrade  in  temperature,  while  the 
calorie  (C)  or  kilogram-calorie  is  the  quantity  of  heat  nec< 
to  raise  the  temperature  of  one  thousand  grams  of  water  om 
gree.     In  round  numbers  an  adult  man  produces  in  his  body 
gives  off  to  the  ^sur^oundinK  air  alxiut  2,400,000  calories  (2400  C.) 
of  heat  per  day.     This  great  supply  of  heat  is  derived  from  the] 
physiological   oxidation   of  the  carbohydrate,    fat,   and    proi 
material  of  the  food.     These  same  materials  may  be  oxii 
outside  the  body  by  burning  them  at  a  high  tempexature  or  undi^ 
a  high  pressure  of  oxygen,  and  the  heat  that  they  give  off  in  *^* 
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I  can  be  measurerd  directly.     So  far  as  the  fats  and  carbo- 
are  concerned,  the  end-products  of  the  oxidation  in  the 
fcody  are  the  same  as  in  their  conril)ustion  out  of  the  body,  and  we 
Xnay  believe,  therefore,  that  the  amount  of  heat  produceti  is  the 
name  in  both  cases.     (Consequently  the  heat  value  of  a  gram  of  fat 
W)r  carbohydrate  burnt  outside  the  body  is  spoken  of  as  its  combiis- 
\iion  equivaletUf  and  it  measures  the  amount  of  potential  energy 
lk>f  these  foodi^tufTs  which  is  available  ff>r  the  production  of  heat 
'oT  for  the  supply  of  energy  in  other  fonns  to  the  wtirking  cells. 
With  reganl  to  the  protein,  the  case  is  somewhat  different.     Its 
I  end-products  in  the  body  are  carbon  dioxid,  water,  and  urea 
or  some  other  of  the  nitrogenous  waste  products.     These  nitrog- 
en*»us  wastes  are   (^apahle   of    further   oxiduti^tn  with  lilieration 
'  of    heat,    so    that,    as    far    as   they    are    eliminated,    the    hotly 
loses  a  possible  supply  of  heat  energ>',  which  niu.st  l>e  subtrat*tcd 
from  the  total  heat  energy  that  the  protein  gives  uptm  oxida- 
tion outside  the  body,  in  order  to  determine  the  availal»le  heat 
energy  yielded  within  the  body.     The  figures  obtained  for  the  heat 
equivalents  of  the  foo^Jstuffs  by  burning  them  outside  the  iwdy  in 
some  form  of  calorimeter  are  as  follows:  1  gm.  of  fat  yields  an  aver- 
age of  9300  calories,  or  9.3  large  calories  (C),  1  gm.  of  carbohydrate 
yields  an  average  of  41(X}  calories  (4.1  C).    These  figures  may  be 
taken,  therefore,  to  expreas  the  quantity  of  heat  given  to  the  body 
by  the  oxidation  within  its  tissues  of  these  elements  of  our  food. 
A  gram  of  protein  when  burnt  outside  of  the  body  jnelds  on  the  aver- 
age 5778  calories.     The  heat  value  of  the  urea  is  estimated  as  1 
gm.  =^  2523  calories.    If  we  assume  that  all  the  nitrogen  of  the  pro- 
tein appears  as  urea  and  that  1  gm.  of  protein  yields  J  gm.  of  urea, 
then  the  available  heat  energy  of  a  gram  of  protein  should  be  equal 
to  5778  —841  (or  J  of  2523)  =  4937 calories.    I^ter  workers,  however, 
have  given  reasons  for  believing  that  this  last  figure  is  too  high. 
All  of  the  nitrogen  is  not  eliminated  as  urea,  an<l,  moreover,  all  of 
the  nitrogenous  waste  is  not  excreted  in  the  urine;   a  distinct  pro- 
portion is  given  off  in  the  feces,     Rubner  has  calculated  the  avail- 
able heat  energv'  of  proteins  by  direct  experiments  upon  animals. 
In  these  experiments  the  heat  value  of  the  protein  fed  was  directly 
determined  by  burning  a  sample  in  a  calorimeter.     Then  after  feed- 
ing a  known  amount  of  the  protein  the  urine  ami  feces  were  col- 
'  lect-ed  and  their  heat  value  was  determineti  in  the  same  way.     The 
difference  between  the  total  heat  vnlue  of  the  protein  fe<l  and  the 
heat  value  lost  in  its  exci-eted  protlucts  in  the  feces  and  urine  gave 
the  actual  heat  energ>'  obtained  from  the  protein  by  the  animal 
bo<ly.     Results  obtained  by  this  method  give  an  average  value 
for  1  gm.  protein  of  4100  calories  {4.1  C),  or,  since  protein  contains 
an  average  of  16  per  cent,  of  nitrogen,  we  may  say  that  1  gm.  of  ni- 
trogen ingested  as  protein  has  a  heat  value  of  4.1  X  6.25  =^  25.6  C. 


938 


NUTRITION   AND   SEAT  REOtTL&TION. 


The  figures  that  are  used,  therefore,  in  estimating  the  heat  value 
of  our  foodstuffs  are: 


1  gm.  protein 

1  gm.  carbohydrate  (starch) 

1  gm.  fat 


4100  calonee  (4.1  C). 
4100  calories  (4.1  C). 
9305  calories  (9.3  C). 


Making  use  of  these  values,  it  is  obvious  that  we  can  calculate  the 
total  heat  value  of  any  given  diet.  If  we  analyze  the  food  for  its 
composition  in  the  three  principal  foodstuffs  we  may  detenninefaow 
many  calories  will  be  furnished  to  the  body.  In  many  of  the  tabb 
published  to  show  the  composition  of  the  different  foods  figuraaR 
given  also  to  express  their  heat  value  or  potential  energy,  on  the 
belief  that,  for  the  most  part,  our  food  is  used  as  fuel  to  supply 
energy  to  the  body.  These  values  for  some  of  our  ordinary  foods 
are  as  follows:* 

pKormr. 

Beefsteak,  porterhouse. 19.1 

Beefsteak,  round  (lean) 20.2 

Corned  beef  (canned) 26.3 

Veal,  leg  (lean) 19.4 

Veal  liver 19.0 

Mutton,  leg  (lean) 16.6 

Pork,  ham  (fresh,  lean) 24.8 

Pork  chops,  medium  fat 13.4 

Chicken  (fowl) 13.7 

Shad 9.4 

Shftdroe 20.9 

E^xs 11.7 

Milk 3.3 

Oatmeal 16.1 

Rice 8.0 

Wheat  flour  (entire  wheat) 13.8 

Green  peas 7.0 

Potatoes  (raw) 2.2 

Spinach 2.1 

Tomatoes 0.9 

Apples 0.4 

Bananas.. 1.3 

It  must  be  borne  in  mind,  however,  that  the  entire  nutritional 
value  of  a  food  is  not  expressed  in  its  heat  value.  Some  of  our 
food  material — the  green  foods  and  fruits,  for  example — are  useful 
and  in  a  measure  essential  because  of  their  salts  and  organic  acids, 
in  spite  of  the  fact  that  they  contain  but  little  energy  that  can 
be  utilized  by  the  body.  Moreover  recent  work,  already  referred 
to  (p.  901),  makes  it  increasingly  probable  that  the  different 
proteins  or  even  the  different  carbohydrates  or  fats  may  be  found 
to  have  each  a  specific  influence  upon  metabolism.  And,  lastly, 
specific  substances  may  be  found  in  the  foods  (vitamines),  which 
in  some  as  yet  undetermined  way  are  important  or  essential  to 

*  Selected  from  Atwater  and  Bryant.  Bulletin  28  (revised  edition),  United 
States  Department  of  Agriculture,  1889. 
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the  metabolism  in  some  part  of  the  body.  Thus  it  is  stated  that 
the  disease  known  as  beriberi,  which  formerly  in  the  Japanese 
navy  showed  the  high  incidonce  of  325  eases  out  of  1000.  has  been 
entirely  eradicated  by  substitutinp  for  an  exclusive  diet  of  polished 
rice  one  of  equa!  quantities  of  Imrley  and  rice.  InvrstiKation  has 
shown  that  the  material  lost  in  the  process  of  iK)lishing  the  rice 
is  a  relatively  simple  organic  base  (p«  904).  In  these  respects  the 
science  of  dietetica  has  a  wide  field  for  investigation.  In  a  general 
way,  however,  the  heat  enerii^j"  of  a  food  expresses  its  value  as  a 
means  for  supplying  the  energy  needs  of  the  living  cells.  In  the 
work  that  these  cells  perform,  whether  it  is  contraction,  secretion, 
or  nervous  activity,  energy  is  needed,  and  tliis  energy  is  carried 
into  the  Ixjdy  in  the  potential  chemical  energj'  of  the  proteins^  fat^, 
and  carbohydrates,  whatever  may  be  the  source  from  which  these 
fooilstuffs  are  obtained. 

Dietetics. — The  subject  of  the  pri)(UT  nourishment  of  individ- 
uals <»r  collection  of  individuals  in  health  and  in  sickness  is  treated 
usually  in  works  upon  hygiene  or  dietetics.  The  practical  details 
of  the  preparation  and  composition  of  diets  must  be  obtained 
from  such  sourcp-s.*  The  general  principles  upon  which  practical 
dieting  depends  have  been  obtained,  however,  from  experimental 
work  upon  the  nutrition  of  man  and  the  lower  animals,  some 
account  of  which  has  been  given  in  the  foregoing  pages.  In  a 
healthy  miult  the  main  objects  of  a  diet  are  to  funush  sufficient 
nitrogenous  and  non-nitrogenous  foodstuffs,  salts,  and  water  to 
maintain  the  body  in  an  et)uilibrium  of  material  and  of  energi.' — 
that  is,  the  diet  must  furnish  the  tuaterial  for  the  regeneration  of 
tissue  and  the  material  h>r  the  heat  produced  and  the  muscular 
work  and  other  work  done.  NutritioniJ  experiments  prove  that 
this  object  may  be  accomplished  by  protein  food  alone,  together 
with  salts  and  water.  It  is  doubtful,  however,  whether,  in  the 
case  of  man,  such  a  diet  could  be  continued  for  lung  j>eritjds  without 
causing  some  nutritional  disturbance,  <lirectly  or  indirectly.  It 
will  be  remembered  that  a  pure  meat  diet  is  not  entirely  protein, 
since  all  flesh  contains  some  fats  and  carbohydrates  (glycogen). 
The  functions  of  a  diet  are  accomplis!ie<t  more  easily  and  more 
economically  when  it  consists?  of  proteins  and  fats,  or  proteins 
and  carbtjhydratcs,  ttr,  as  is  almost  universally  the  case,  of  proteins, 
fats,  and  carlxihydratcH.  The  experience  of  mankind  shows 
that  such  a  mbced  diet  is  most  l)eneficial  to  the  body  and  most 
satisfying  to  that  valuable  regulating  mechanism  of  nutrition, 
the  appetite.  Expressed  in  its  most  general  form  the  cells  of  our 
body  neetl  food  for  twt)  purposes:  First,  to  supply  the  energ>' 
needs;  second^  to  furnish  the  material  for  the  construction  of  their 

•  For  practical  directions,  seo  fJautipr,  ''L'alimpntation  et  lea  regimes," 
1904;  Blyth,  '^Koodn:    tlicir  (;ompo«itton  ftnd  Analysis." 
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own  living  substance,  that  is,  for  assimilation.    The  first  of  these 
purposes  is  fulfilled  by  any  of  the  three  energy-yielding  foodstuffs, 
carbohydrates,  fats,  or  proteins,  but  as  a  matter  of  fact  we  uae 
chiefly  the  carbohydrates  on  account  of  their  economy  and  the 
ease  with  which  they  are  utilized  by  the  body.    For  the  second 
purpose,  the  construction  of  protoplasm  or  hving  matter  proteins 
(or  their  cleavage  products,  the  various  amino-bodies)  are  abso- 
lutely necessary.*    In  accordance  with  this  specific  and  neces- 
sary function  of  the  protein  we  find  that  the  amoimt  used  in  the 
daily  diet  is  fmrly  constant,  about  100  gms.,  while  the  propor- 
tions of  fat  and  carbohydrate  show  wide  variations.    Since  from 
the  energy  standpoint  the  fats  and  carbohydrates  have  a  conunon 
function,  serving  as  fuel  for  the  energy  needs  of  the  body,  we 
ought  to  be  able  to  exchange  them  in  the  diet  in  the  ratio  of  tlieir 
heat  values. 

This  ratio,  or  as  it  is  frequently  called,  the  isodynamic  eqmva- 
lenlj  is  as  9.3  to  4.1  or  2.3  to  1,  and  within  the  limits  permitted  by 
the  appetite  we  should  be  able  to  substitute  1  part  of  fat  for  2.3 
parts  of  sugar  or  starch.  Experiments  upon  animals,  as  well  as 
the  experience  of  mankind,  show  that  this  substitution  can  be 
made,  although  it  is  not  advisable  to  eliminate  either  of  these 
foodstuffs  entirely  from  the  diet.  The  fact  that  .within  certwn 
limits  fats  and  carbohydrates  may  be  substituted  for  each  other 
is  illustrated  in  a  general  way  by  the  different  diets  recom- 
mended by  various  phjrsiologists,  since  it  will  be  noticed  that  in 
those  in  which  the  proportion  of  fat  is  large  the  amount  of  carbo- 
hydrate is  reduced. 

AVERAGE  DIETS  AND  THEIR  HE.\T  VALUES. 

MOLESCHOTT.  RaNKE.  VoIT. 

Calories.  Calokxkp.  Cau>ub». 

Protein 130  gms.    ...     533  100  gnu.   .   .   .  410  118  gms.  ...    483 

K»ta 40      "      ...     372  100     "      .  .  .  930  »     "      ...     530 

ftu-bohydrmtee .   .   .  550     "      .   .   ■   22T5  240     "      .  .   .  ftM  500     '.   .      2O50 

2980  2324  305i 

FORSTER.  AtWATEH. 

Calorieb.  Caxobisb. 

Protein 131  gms. ...     567  125  gms 512 

Fftta 68     "...      632  125     **     .   .    -   -    1172 

Cftrbohydratee    .  .  494     "     ...    1825  400     "     ....   Ip^ 

2024  3324 

The  average  heat  value  of  these  diets  is  equal  to  2742  calories. 
of  which  about  18  per  cent,  is  furnished  by  the  protein.  Generally 
Bpeaking,  it  will  be  found  that  in  the  dietaries  selected  voluntarily 
by  mankind  the  protein  furnishes  from  15  to  30  p)er  cent,  of  the 
total  heat  value  of  the  diet.  According  to  some  physiologists 
thii*  profMjrtion  is  unnecessarily  large  and  it  might  be  reduced 
iti  AH  little  as  6  or  10  per  cent.  Whether  or  not  such  a  change  is 
*  8m  p.  897  for  a  possible  amendment  to  this  fCfienl  sUUcxDent. 
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justified  ha^  already  been  discussed  to  sf^me  extent  (p.  898). 
Leaving  aaide  this  point,  it  is  usually  estimated  in  round  numbeiB 
that  the  diet  should  furnish  daily  2400  Calorics  for  an  individual 
weighing  60  kgms.,  or  about  40  Calorics  per  kgm.  of  body  weight. 
It  will  bo  noticed  that  in  all  case^  the  greatest  portion  of  this 
energ>'  is  obtained  from  the  carbohydrate  footi,  which,  on  account 
of  its  economy,  its  abundance,  and  it-s  ease  of  digestion  and 
oxidation  in  the  body,  constitutes  the  bulk  of  our  diet.  In  cases 
of  excessive  muscular  work  the  footl  eaten  may  supply  more  than 
twice  the  average  huat  value  given  above.  Thus,  Atwater  and 
Sherman  estimate  that  in  a  sLv-da}^  bicycle  race  by  professionals 
the  heat  value  of  the  food  for  the  different  participants  varied  from 
4770  to  6095  Calories.  Chittenden,  in  the  work  previously  re- 
ferred to,*  has  raised  the  (question  whether  the  heat  value  of  the 
diet  ordinarily  employed  is  unnecessarily  high.  In  his  own  case 
he  found  that  the  body  could  be-  well  nourished  on  a  diet  con- 
taining a  toUd  heat  value  of  only  l(UM)  Calories  or  28  Calories  per 
kgm.  of  lx>dy  weight  insteiid  of  40  Calories.  The  diet  in  this 
case,  it  will  be  reinembereLl,  containe<l  only  35  to  40  gnts.  of  protein 
in  place  of  the  UlO  to  130  gms.  recommeniled  in  the  diets  mentioned 
above.  The  question  thus  raised  is  one  that  must  be  decided  by 
a/'tnal  experience,  but  from  tlie  numerous  statistical  and  experi- 
nientiil  results  now^  available!  it  Wijukl  appear,  as  has  been  stated 
above,  that  the  total  energy  necessary  in  a  diet^  estimated  in 
terms  of  its  heat  value,  varies  chieHy  with  the  amount  of  muscular 
work  to  be  done.  Persons  who  lea^l  a  very  nmscular  life  require 
a  correspondingly  large  anmunt  of  energy  in  the  diet^  and  this 
demand  is  met  usually  l>y  augmenting  the  pnip<jrtiijn  of  carbo- 
hydrate and  fat,  especially  the  carbohydrate.  Since  the  amount 
of  ijnjteiri  is  not  varied  greatly  in  such  cases  the  diet  Is  relatively 
poor  in  tfiis  foiKlstuff.  Oti  the  <'ontr:u-y,  those  who  lead  a  sedentary 
life,  including,  broadly  speaking,  all  the  woll-tu-do  class,  require 
less  energ}'  in  tlieir  diet,  and  they  can  afford  to  reduce  the  pro- 
pf>rtion  of  carbohydrate  and  fat.  The  diet  in  such  cases  may  be 
relatively  rich  in  protein,  although  the  amount  per  kilogram  of 
body  weight  is  not  iucre;used,  in  fact,  is  usujdly  diminished  some- 
what. These  facts  are  illustratetl  in  Atwatcr's  estimate  of  the 
diet  necessary  for  men  performing  different  amounts  of  muscular 
work. 

Photbin.         Cabbohtpratb 

AND   Fat. 

Man  iloinfi;  Imrd  muscular  work 600  cal.  3550  cal. 

Man  lioin^  nioiU'ratf  nniHciilar  work 500    "  2000    " 

Man  lioing  no  inuHcular  work 360    *'  2040    " 

•Chittenden,  " PhyBiological  Economy  in  Nutrition,"  1905. 
t  See   especiallv   tne   numerous   Bulletins   of   the   U.  S.  Department   of 
Agriculture,  Nos.  2S,   116.   129,   149.  etc. 
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On  comparing  these  diets  it  will  be  observed  that  in  per- 
forming hard  muscular  work  the  diet  contained  1700  Calories  of 
energy  beyond  that  used  when  no  work  was  done.  About  six- 
sevenths  of  this  increase  was  provided  for  by  the  carbohydrates 
and  fats.  It  will  be  seen  also  that  in  this  case  the  proportion 
of  the  total  energy  obtained  from  protein  remained  practically 
unchanged. 

Mankind  is  guided  and  has  been  guided  in  all  times  by 
the  control  of  the  appetite,  using  this  term  in  a  general  sense  to 
designate  the  conscious  desire  for  food,  and  also  the  desire,  more 
or  less  clearly  recognized,  for  special  kinds  of  food.  If  scientific 
experiments  indicate  that  this  regulatory  apparatus  leads  us  to 
ingest  more  food  than  is  actually  required  for  the  assimilation 
needs  and  the  energy  needs  of  the  body,  it  remains  for  obsen'a- 
tion  and  experiment  to  determine  whether  this  excess  is  beneficial 
or  useless  or,  perhaps,  even  harmful. 

Munk  gives  an  interesting  table  showing  how  much  of  certain 
familiar  articles  of  food  would  be  necessary,  if  taken  alone,  to  supply 
the  requisite  daily  amount  of  protein  or  non-protein  material;  h^ 
estimates  are  based  upon  the  percentage  composition  of  the  foods 
and  upon  experimental  data  showing  the  extent  of  absorption  of  the 
foodstuffs  in  each  food.  In  this  table  he  supposes  that  the  daily 
diet  should  contain  110  gms.  of  protein  =  17.5  gms.  of  N,  and  non- 
proteins sufficient  to  contain  270  gms.  of  C: 

Fob  no  Gm8.  Protedi        -.^^  ^-^  «^^  , 
(17,5  Cue.  N).  ""  270  Gm.  U 

Milk 2900  gms.  3800  gms. 

Meat  (lean) 540     "  2000     " 

Hen*s  eggs 18  eggs.                      37  eggs. 

Wheat  flour 800  gms,                     670  gms. 

Wheat  bread 1650     "  1000     " 

Rye  bread 1900    "  1100    " 

Rice 1870    "                       750    " 

Com 990     "                        660     " 

Peas 520    "                       750     " 

Potatoes 4500     "  2550     " 

As  Munk  points  out,  this  table  shows  that  any  single  food,  if  taken 
in  quantities  sufficient  to  supply  the  nitrogen,  would  give  too  much 
or  too  little  carbon  and  the  reverse;  those  animal  foods  which,  in 
certain  amounts,  supply  the  nitrogen  needed  furnish  only  from  one- 
fourth  to  two-thirds  of  the  necessar>^  amount  of  carbon  and,  tn« 
versdj  the  vegetable  foods  if  taken  in  sufficient  quantity  to  supply 
the  carbon  would  not  give  sufficient  nitrogen,  or  if  used  alone  to 
furnish  the  requisite  nitrogen  would  give  an  excess  of  carbon. 
This  same  fact  is  illustrated  in  another  way  in  a  table  compiled 
by  Cohnheim.*  To  furnish  the  body  with  its  necessary  daily 
*  Cohnheim,  "Die  Physiologic  der  Verdauung  und  Emahrung,"  1908. 


Meat 

4tt5 

Em 1133 

Cn^BSe 

1704 

Milk 

207O 

Com 

4104 

uota  of  100  grams  of  protein  the  following  amounts  of  different 
Oods,  expressed  in  their  heat  values,  w<»uid  be  required: 

Toarse  bread. ,  .    .      .    .    4552 

Fine  bread 4720 

PoUtoea 5000 

Riee 5600 

It  is  evident  from  this  table  that  a  person  leariing  a  sedentarj' 
life  who  used  a  vegetable  diet  alone  would  be  required,  in  order  to 
obtain  his  necessary  protein,  to  consume  much  more  carbohy- 
drate than  from  an  energy  standpoint  was  needed  by  the  body. 
As  C^ihnheiin  points  nut,  tlie  animal  fuodw  are  for  this  reason  espe- 
cially suited  to  supply  the  protein  needs  of  those  who  lead  a  com- 
paratively inactive  life.  In  practical  dieting  we  are  ancust^imed 
to  get  our  supply  of  proteins,  fats,  an<l  carbohydrates  from  both 
v^etable  and  animal  fuods.  To  illustrate  this  fact  by  an  actual 
case,  in  which  the  food  was  carefully  amalyzetl,  an  experimenter 
weighing  67  kgms.  records  that  he  kept  himself  in  nitrogen  equili!>- 
rium  upon  a  diet  in  which  the  protein  wiis  di.strihuted  iis  follows: 


300     gnu.  meat 

= 

63  OS  gms. 

protein 

= 

0.78    gms.  N. 

666.3  c.c.  milk 

— 

18.74     " 

it 

r= 

2.905     "      " 

100     gms.  rice 

= 

7.74     " 

<i 

= 

1.2         "      " 

100        "     bread 

= 

11.32     " 

U 

= 

1.755     "      " 

500     c.c.  wine 

1.17     " 

it 
It 

: 

0.182  gm.     " 

102.05     " 

15.868  gmfl.  " 

For  a  person  in  health  and  leading  an  active,  normal  life,  appetite 
and  experience  seem  to  be  safe  and  sufficient  guides  by  whitdi  t.o 
control  the  diet:  they  may  be  reliet!  upon,  at  least,  to  protect  the 
bmiy  from  undemutrition.  The  opposite  danger  of  overeating 
is  a  real  one,  particularly  among  those  who  do  not  lead  an  active 
life,  ll  is,  however,  a  hygienic  offence  that  is  usually  committed 
knowingly  and  may  conse<iuently  be  controlled  by  those  wjio  have 
sufficient  wisdom.  Physiological  knowledge  emphasizes  clearly 
enough  the  great  fact  that  the  mechanisms  of  nutrition  and 
digestion,  like  the  other  me<hanisnis  of  the  body,  should  not  be 
subjected  to  unnecessary  strain.  For  those  who  are  in  health, 
the  important  rule  to  follow  in  the  matter  of  diet  Is  to  avoid  an 
excess  in  eating.  In  conditions  of  disease,  in  regulating  the  diet 
of  children  or  of  collections  of  individuals,  as  in  the  army,  navy, 
etc.,  it  is  necessar\*  for  purposes  of  hygiene  or  for  purposes  of 
economy  to  arrange  the  diet  in  accordance  with  the  knowledge 
obtained  from  experience  and  fmm  scientific  investigations. 
In  this  direction  much  lias  idready  been  accomplished,  but  more 
remains  to  be  <lone,  particularly  perhaps  in  the  relation  of  diet  to 
patliological  conditions. 
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CHAPTER  LI. 

THE  PRODUCTION  OF  HEAT  IN  THE  BODY— ITS  MEAS- 
UREMENT AND  REGULATION— BODY  TEMPERA- 
TURE—CALORIMETRY— PHYSIOLOGICAL 
OXIDATIONS, 
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It  13  customan'  to  date  our  modem  ideas  of  the  origin  of 
animal  heat  from  the  time  of  Lavoisier  {1774-77).  To  the  older 
physiologists  it  wafi  a  most  difficult  problem.  The  animal's  body 
produces  heat  continually  and  maintains  a  temperature  higher,  as 
a  rule,  than  that  of  the  surrounding  air.  Since  oxygen  and  the 
nature  of  ordinary  combustions  were  unlvnown,  they  naturally 
explained  this  heat  formation  by  reference  to  causes  which  the 
science  of  the  day  had  shown  to  be  capable  of  producing  warmth, 
such  as  friction  and  fermentation.  Haller  (1757),  for  instance, 
taught  that  the  body  heat  arises  mainly  from  the  friction  of  the 
circulating  blood  and  the  movements  of  the  heart  and  blood-vessels, 
and  this  view  found  currency  in  text-books  well  into  the  nine- 
teenth ccntur>'.  Lavoisier  first  gave  to  the  physiologist  the  con- ■ 
eeption  that  the  heat  produced  in  the  body  is  due  to  a  combustion  or  " 
oxidation^  and  that  therein  lies  the  significance  of  our  respiration 
of  oxygen.  He  believed  himself  that  this  oxidation  takes  place  in 
the  lungs, — that  is,  the  blood  brings  to  the  lungs  a  hydrocarbon- 
ous  material  which  is  attacketl  by  the  oxygen  ant!  burnt  with 
the  formation  of  water  and  carbon  dioxid  and  the  liberation  of 
heat.  Later  experimenters  demonstrated  that  the  heat  production 
does  not  occur  in  the  hmgs,  at  least  not  exclusively,  but  over  the 
whole  of  the  body.  After  a  long  and  interesting  controversy  it  was 
also  shown  satisfactorily  that  the  oxidations  of  the  body  do  not 
occur  in  the  blood,  but  in  the  tissues  themselves.  The  oxygen  is 
transported  to  the  cells  and  there  does  its  work  of  effecting  oxi- 
dations and  giving  rise  to  heat.  I'his  heat  is  equalized  more  or  j 
less  over  the  whole  body,  chiefly  l)y  the  circulation  of  the  blood,  i 
which  absorbs  heat  from  the  warmer  organs  and  distributes  it  to  j 
the  cooler  ones.  The  body  temperature  is  maintained  at  a  nearly 
constant  level  by  an  intricate  adjustment  of  physiological  reflexes  i 
which  together  constitute  the  heat-regulating  mechanism.  Such  ' 
in  brief  is  the  general  theory  of  our  time  regarding  heat  production 
in  the  body.    Many  of  the  problems  that  interested  the  older  phvB* 
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ologista  have  been  solved  satififactoril}^  but  there  remain,  of  course, 
many  more  to  interest  this  and  succeeding  generations.  Investi- 
gations in  this  field  at  present  are  directetl  mainly  to  an  effort  to 
understand  the  details  of  the  heat-regulating  apparatus,  on  the  one 
hand,  and,  on  the  other,  to  compreheml  more  .satisfactorily  the 
nature  of  the  process  of  oxidation.  This  latter  problem  is  one  of 
common  interest  at  present  in  chemistry  and  in  physiolog>'. 

The  Body  Temperature, — We  divide  animals  into  the  two 
great  classes  of  warm  blooded  and  cold  blooded,  acconling  as  their 
temperature  is  or  is  not  above  that  of  the  surrounding  air.  In 
this  sense,  birds  and  mammals  are  warm  lilooded  antl  reptiles, 
amphibia,  and  fishes  are  colil  blooiled.  The  names,  however,  are 
badly  chosen.  The  difference  of  deepest  significance  between  the 
mammals  and  birds,  on  the  one  hand,  and  the  fishes,  amphibia,  and 
reptiles,  on  the  other,  is  that  in  the  former  the  body  temperature 
is,  within  wide  limits,  imle|jendent  of  the  outside  temperature;  it 
remains  practically  constant  during  whiter  and  summer,  whether 
the  surrounding  air  is  hotter  or  cooler  than  the  bod\'.  They  are, 
therefore,  constant-temperature  animals  (homoiothermous).  The 
reptiles,  amphibia,  and  fishes,  on  the  contrar>^,  have  a  l>ody  tem- 
perature that  changes  with  the  environment.  On  winter  days 
their  temperature  is  low,  approximately  that  of  the  surrounding 
air  or  water,  and  in  summer  their  lH)d>'  temperature  rises  to  cor- 
respond with  that  of  the  outside.  Strictly  speaking,  they  are  cold 
blooded  only  in  cold  surroundings.  This  group  may  be  designated 
as  the  chanpeable-tpmjjerature  animals  (poikilothermous).  The 
warm-lihMHleil  animals  maintain  a  constant  high  body  temperature 
on  account  of  their  relatively  active  oxidations  and  the  existence 
of  a  heul-regidating  merhani.sm.  In  the  irold-blooded  animals  the 
oxidations  are  not  so  intense  arnl  a  heat-regulating  mechanism  is 
absent  or  p4X»r[y  <leveloped.  The  bil)ernating  animals  form  a  group 
intermedmte  in  miuiy  ways  l)et\veen  these  two  classes.  They  possess 
a  heat-regulating  apparatus  that  maintains  a  constant  body  tem- 
perature under  most  conditions,  but  breaks  down  in  very  cold 
weather;  so  that  during  the  period  of  winter  sleep  their  tem- 
perature is  but  little  above  that  of  the  surrouniling  air.  In 
some  of  the  rold-ljloodp*l  animals  the  production  of  heat  during 
wann  weather  is  more  rapid  than  its  loss;  so  that  they  exhibit 
a  body  temperature  slightly  higher  than  the  surrounditiK  medium. 
A  hive  of  bce.s  in  activity  may  raise  the  temperature  within 
the  hive  through  a  number  of  tlegrees,  and  snakes  iind  many 
reptiles  show  a  teu)i3erature  of  2°  to  8*  C.  above  that  of  the 
air.  So  also  some  reptiles  possess  a  rudimentary'  means  of  pro- 
tecting tlieir  bodies  from  too  great  a  rise  of  temperature,—  for 
instance,  by  accelerated  breathings  whereby  more  water  is  evap- 
60 
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oratecl  From  the  liin^s  and  thus  more  heat  is  lost.*  The  distinc- 
tion between  the  two  great  pjroups  of  animals  is  not  absohite,  but 
it  is  sufficiently  marked  to  constitute  a  striking  physiological  char- 
acteristic. 

The  temperature  of  the  human  body  is  measured  usually  by 
thermometers  placet!  in  the  mouth,  in  the  axilla,  or  in  the  rectum. 
Me-asurements  made  in  this  way  show  that  in  general  the  tempera- 
ture in  the  interior  of  the  body  (rectal)  is  slightly  higher  than  on  the 
surface  of  the  skin.  The  average  temperature  in  the  rectum  is  37.2° 
C.  (98.96°  R);  in  the  axilla,  36.9°  C.  (98.45°  F.);  in  the  mouth, 
36.87°  C.  (98.36°  F.).  We  may  speak  of  the  body  temperature, 
therefore,  in  the  places  in  which  it  can  be  conveniently  measured,  as 
var>'ing  between  36.87°  C.  and  37.2°  C.  Some  of  the  internal  or- 
gans have  a  higher  temperature,  particularly  during  their  period  of 
greatest  activity.  The  temperature  of  man,  measured  in  the  places 
mentioned,  shows  also  a  distinct  variation  during  the  day,  a  diurnal 
rhj-'thm.  This  daily  variation  has  lieen  measured  In*  many  olv 
Bervers,  and  shows  individual  peculiarities  that  depend  largely  upon 
the  manner  of  living,  time  of  meals,  etc.  In  general  it  may  be  said 
that  the  lowest  temperature  is  shown  early  in  the  morning, — 6  to 
7  A.M.;  that  it  rises  slowly  during  the  day  to  reach  its  maximum 
in  the  evening,  5  to  7  p.m.;  and  falls  again  during  the  night.  The 
difference  lietween  early  morning  and  late  afternoon  or  evening 
may  amount  to  a  degree  or  more  centigrade,  and  this  fact  must  be 
borne  in  mind  by  physicians  when  obsen'ing  the  temperature  of 
patients.  Muscular  activity  and  food  appear  to  be  the  factors  that 
are  mainly  responsible  for  the  rise  in  temj^erature  during  the  day. 
Most  observers  state  that  when  the  habits  of  life  are  reversed  for 
some  time — that  is,  when  work  is  performed  and  meals  are  eaten 
during  the  night,  and  the  day  is  given  up  to  sleep  and  rest — the  daily 
variation  of  temperature  is  inverted  to  correspond, — that  is,  the 
highest  temperature  is  observetl  in  the  early  morning  and  the  lowest 
in  the  late  afternoon.  Age  also  has  a  slight  influence.  Newly  born 
infants  and  young  children  have  a  somewhat  higher  temperature 
than  adults.  The  difference  may  amount  to  half  a  degree  or 
a  degree  centigrade, — 37.6°  C.  in  infants  as  compared  with 
36.6°  C.  or  37.  i°  G.  in  the  adult.  It  is  known,  also,  that  the  heat- 
regidating  mechanism  in  infants  and  young  children  is  not  so 
efficient  as  in  adults,  and  that  therefore  febrile  disturbances  are  more 
easily  excited  in  the  former  than  in  the  latter.  In  the  matter  of  body 
temperature,  as  in  so  many  other  characteristics,  aged  people  show 
a  tendency  to  revert  to  infantile  conditions.  Their  temperature, 
according  to  most  observers,  is  slightly  higher  than  in  middle  life. 

*  8ee  Langtois,  "Journal  de  phymologie  et  de  pathol.  g^n^nUe/'  1902. 
249. 
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Among  physiological  conditions  that  influence  the  l>ody  tcmi^era- 
ture,  muscular  work  and  meals,  as  stated  above,  have  the  most  posi- 
tive effect.  MarkecS  muscular  activity  imphea  a  great  increase  in 
the  production  of  lieat  in  the  body  and  most  observers  find  that 
the  initial  result  at  least  is  a  small  rise  in  body  tem|>eratnrc, — a  fact 
which  indicates  that  the  heat  regulation  is  not  ])erfect;  the  excess 
of  heat  produceil  is  not  dissipated  promptly.  In  the  period  of  rest 
following  upon  work,  on  the  contrary,  the  body  temperature  may 
fall,  owing  probably  to  the  fact  that  more  heat  is  lost  lhn)ugh  the 
flushed  skin  than  is  produceti  within  the  body.  In  this  matter  of 
the  effect  of  muscular  work  individual  variations  are  to  lie  expected, 
since  the  perfection  of  the  heat- regulating  mechanisms  may  vary 
somewhat  in  different  }>ersons.  Meals  also  cause  a  slight  rise  in 
body  temperature,  wliich  reaches  its  maximum  about  an  hour  and 
a  half  after  the  ingestion  of  the  food,  'i'he  explanation  in  this  case 
also  is  to  be  found  doubtless  in  a  greater  production  of  heat,  due  to 
the  increased  metabolism  set  up  by  the  food  {specific  dynamic 
action,  see  p.  905).  The  excessive  production  of  heat  is  not 
compensated  t-ompletely  by  a  corresponding  increase  in  the 
heat  dissipated.*  It  is  sufficiently  obvious,  porhaps,  from  these 
facts  that  the  temperature  as  measured  by  the  thermometer  is  a 
balance  between  the  amount  of  heat  produceil  anti  the  amount  of 
heat  lost  or  dissipated.  The  thermometer  alone  gives  us  no  cer- 
tain indication  of  the  quantity  of  heat  produced  in  the  body.  A 
temperature  higher  than  normal,  fever  temperature,  may  be  due 
either  to  an  excessive  protluction  of  lieat  or  to  a  (ieficient  dissipa- 
tion. To  understand  and  contnjl  the  processes  by  which  the  bo<iy 
temperature  is  kept  nonnal  it  is  necessary  to  discover  a  means  for 
ascertaining  at  any  time  the  actual  quantities  of  heat  produced 
and  dissipated^  and  the  effect  upon  each  factor  of  different  nonnal 
and  pathological  conditions.  The  method  used  for  determining 
the  quantity  of  heat  is  designated  as  ralorimetry.  It  is  necessary, 
therefore,  to  describe  the  principle  and  const nn*t ion  of  calorimeters 
an<i  the  methods  of  calorimetry  before  attempting  to  explain  the 
mechanism  of  heat  regulation. 

Calorimetry. — A  calorimeter  is  an  instrument  for  measuring 
the  quantity  of  heat  given  off  fwm  a  body.  The  unit  employed  in 
these  detenninations  is  the  calorie, — that  is,  the  amount  of  heat 
necessary  to  raise  1  gm.  of  water  1°  C.,or  more  accurately  the  amount 
of  heat  required  to  raise  1  gm.  of  water  from  15°  to  16**  C.  This 
unit  is  sometimes  designated  as  a  small  calorie  to  distinguish  it 
from  the  large  calorie  (C), — that  is,  the  quantity  of  heat  necessar>' 
to  raise  1  kgm.  of  water  1°  C.    The  large  calorie  is  equal  to  1000 

*  For  farther  details  s(«  Rirhet,  "La  chaleur  animule,"  18S9;  and  Pera- 
brey,  "Aniiiiai  Heat/'  Schaefer'a  "Text-book  of  Ph>'siology, "  vol.  i,  1898, 
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Bniall  calories.  In  pbysiolog}-  calorimeters  have  been  iised  for  I 
main  purposes;  to  determine  the  heat  equivalent  of  foods, — thati 
the  amount  of  heat  given  oflf  when  the  various  foodstuffs  are  h\mxd, 
— and,  secoiully,  to  determine  the  heat  produced  and  the  heatdisBi- 
pated  by  living  animals  during  a  given  period.  For  the  fi«t  pur- 
pose the  apparatus  that  is  most  frequently  employed  at  prwmt  is 
the  lx)mb  calorimeter  devised  by  Berthelot.  The  bomb  cod^ 
of  a  strong  steel  cylinder  in  which  the  food  to  be  burned  is  placed 
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Fic.   SOO, — Ueicbert's  water  Cftiorimeier. 

and  which  is  fi!le<l  with  oxygen.  The  combustion  of  the  fo 
is  initiated  by  means  of  a  spiral  of  phitinum  wire  heat-ed  by  afl 
electrical  current.  The  lK>tnb  is  immersed  in  water  and  the  h«U 
given  off  raises  the  teniiwrature  of  the  water  a  certain  nurabpr 
of  degrees  centigrade.  The  weight  of  water  being  known,  lltf 
amount  of  heat  is  ea-sily  expressed  in  calories.  For  the  purptw 
of  mciisuring  the  heat  given  off  by  living  animals  two  princijAl 
fonn.^  of  calorimeter  are  used,  each  form  having  a  number  of 
modifications.  These  two  forms  are  the  water  calorimeter  and  tbr 
air  calorinifter  The  water  calorimeter  was  the  form  used  in  the 
first  experiments  on  record  (CYawford,  1779).  In  prinripl<^  it 
consists  of  a  double-walled  Ijox  with  a  known  weight  of  wat«r 
between  the  walls.    The  animal  is  placed  in  the  inner  box  and  the 


beat  given  off  is  absorbed  by  the  water.  Knowing  the  weight  of 
tlie  water  and  how  niurh  it.s  temjwrature  is  raised,  the  data  are  at 
hand  for  determining^  the  nuinher  of  raiories  given  off  during  the 
experiment.  One  form  of  this  variety  uf  ealorinieter,  ust»d  in  this 
eountr>'  by  Reichert,  Ls  shown  in  Fig,  300.  It  consists  of  two  con- 
centric boxes  of  metal  with  the  space  ?>etwcen  them  filled  with 
water.  The  anima!  is  placed  in  the  inner  Ixjx  (A).  The  two 
boxes  are  inclosed  in  a  large  wooden  box,  tlie  space  between 
the  metal  and  wooden  boxes  Ijeing  filled  with  shavings  (SH). 
The  object  of  this  outer  box  is  to  prev^ent  radiatii>n  of  heat  from 
the  metal  boxes.  The  tubes  EN  and  EX,  which  lead  into  the 
interior  chaml)er  containing  the  animal,  arc  for  the  entrance 
and  exit  of  the  ventilating  air.  A  thermometer  is  plat-ed  in 
each  to  determine  the  heat  carried  off  by  the  air.  The  ther- 
mometer, CTf  measures  the  t-emperature  of  the  water,  and  S  is 
a  stirrer  to  keep  the  water  well  mixed  and  thus  insure  a  uniform 
temp)erature.  When  the  aninial  Ls  placed  in  the  apparatus  the 
heat  given  off  warms  not  only  the  water,  but  also  the  metal;  so 
that  to  determine  the  total  heat  the  weight  of  metal  must  be  re- 
duced to  an  equivalent  amount  of  water  by  multiplying  its  weight 
by  its  specific  heat,  or,  a  more  simple  method,  the  cnloriTfuiric  eqiiiv' 
alent  of  the  apparatus  is  determined, — that  is,  the  actual  amount  of 
heat  necessary  to  raise  the  temperature  of  the  apparatus^  water  and 
metal,  one  degree.  This  value  is  obtained  by  burning  in  the  appa- 
ratus a  known  weight  of  some  substance  (alcohol,  h^^drogen)  whose 
heat  of  combustion  is  known.  Knowing  how  much  heat  is  given 
off  by  this  combustion  and  how  much  the  tem])erature  of  the 
apparatus  is  raised,  the  calorimetric  equivalent  is  easily  calcu- 
lated and  may  be  used  subsequently  in  estimating  the  results  ob- 
tained from  animals.  In  the  use  of  the  apparatus  many  precau- 
tions must  \)e  observed.  These  practical  details  need  not  be  des- 
cribed here  except  to  say  tliat  account  must  l>e  taken  of  the  warm- 
ing of  the  air  used  to  ventilate  the  apparatus  and  of  an3^  changes 
in  the  amount  of  it«  moisture.  The  calorimeter  used  in  this  way 
measures  directly  the  amount  of  heat  given  off  from  the  animal 
during  the  period  of  ob8er\'ation.  The  amount  of  heat  prf)duced  in 
the  animal's  body  during  this  time  may  be  the  .same,  or  may  be 
more  or  less.  To  arrive  at  a  knowledge  of  this  factor  observations 
must  be  made  uf>on  the  animal's  l>ody  tenifXTature  by  means  of  a 
thermometer  in  the  rectum.  If  this  lx>dy  temperature  is  the  same 
at  the  end  as  at  the  beginning  of  the  experiment  then  it  is  obvious 
that  the  heat  produced  must  have  l>een  equal  to  the  heat  lost.  If 
the  animaKs  body  temperature  ha.s  fallen,  then  it  is  evident  that 
less  heat  has  been  produced  than  was  lost.  To  ascertain  how  much 
8,  the  weight  of  the  animal  is  uudtiplied  by  its  specific  heat  (0.8) 
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to  reduce  it  to  so  much  water,  and  this  pm(]iict  is  multiplied  l)y  the 
difference  in  body  temperature  at  the  beginning  and  the  end  of  the 
experiment.  The  pniduct  is  obtained  in  calories  and  is  subtracted 
from  the  amount  of  heat  lost,  as  determined  by  the  calorimeter,  to 
obtain  the  amount  of  heat  produced.  If,  on  the  contrary,  the  ani- 
mars  temperature  has  risen  during  the  experiment  the  body  has 
produccfl  more  heat  than  it  has  dissipated.  The  increase  may  be 
determined  as  above  by  multiplying  the  weight  of  the  animal,  the 
specific  heat  of  the  body,  and  the  difference  in  temperature.  This 
amount  added  to  the  heat  lost  gives  the  heat  produced. 

Many  investigators  fiave  used  some  form  of  air  calorimeter. 
An  air  ciUtiriiueter  consists  essentially  of  a  dnuhle-wulleri  chamber 
or  box  with  air  between  the  walla.  The  aiiiiiial  is  placed  in  the 
inner  iiox  and  the  heiit  given  off  is  measured  by  the  expansion  of 
the  air  between  the  walls.  Many  different  forms  are  used,  prefer- 
ence being  given  to  some  modification  of  the  differential  air  calor- 
imeter. In  this  hLst-muned  instrument  two  exartly  similar  cham- 
bers are  constructed ;  one  contaias  the  animal,  while  the  other  ser\'es 
as  a  dummy.  These  two  chanibiTs  are  balanced  as^iinst  each  other, 
the  air  space  in  tlie  dummy  IxMng  heated  by  inimersion  in  a  bath  or 
by  burning  hydrogen  in  the  interior.  As  these  sotirces  of  heat  are 
known  and  can  l>e  controlletl,  it  is  evident  that  if  the  dummy  is 
made  to  balance  exactly  the  rhanilM^  containing  the  animal  the 
amount  of  heat  given  off  in  each  is  the  same.* 

The  Respiration  Calanweter. — When  a  calorimeter  is  su  arranged 
that  the  composition  of  the  air  drawn  through  the  apparatus  for 
ventilation  can  bo  determined,  as  well  as  the  amount  of  heat  pro- 
duced, the  apparatus  iiecomes  a  respiration  calorimeter.  In  such 
an  apparatus,  if  proper  provision  is  made  for  analyzing  the  urine, 
the  feceS;  and  the  food,  the  total  carl)oa  and  nitrogen  excretion  may 
be  obtained  simultaneously  with  the  heat  loss.  Since  w^e  may 
calculate  from  the  carbon  and  nitrogen  excreti(m  how  much  pro- 
tein, fat,  and  carbohydrate  have  been  burnt  in  the  body,  and  since 
the  heat  values  of  these  constituents  are  known,  it  is  evident  th&t 
we  may  reckon  indirectly  how  much  heat  ought  to  be  produced 
from  the  combustion  of  so  much  inateriah  This  method  of  arriv- 
ing at  the  heat  production  is  designated  indirect  caLorimdry,  With 
an  adequate  respiration  calorimeter  it  is  possible  to  ascertain 
whether  the  results  calculated  by  the  method  of  indirect  calorim- 
etr>'  really  correspond  with  the  heat  obtained  by  direct  measure- 
ment. In  the  hands  of  good  observers  the  correspondence  is 
very  close,  and  gives  substantial   proof  of  the  scientific  belief 

•  For  detailotl  tircountfi  of  specuil  Tonns  of  air  calorimeters  see  Rubner, 
"Calorimetrwche  MuLhodik,"  1891;  and  llosenthaJ,  "Archiv  f.  Phvsiolosie," 
1897,  p.  170. 
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that  in  the  living  boily  the  ent'rgy  liberated  as  heat  or  as  heal 
and  work  is  all  contained  in  [jcjleatial  form  in  the  foodstuffs 
eaten.  By  means  of  the  respiration  calorimeter  we  can  ol>tain  a 
balance  l>etweea  the  energj'  income  and  out|?o  of  the  body  as  well 
as  between  the  material  income  and  outgo, — that  is,  the  curlwn  and 
nitrogen  etiiiilibrinm.  The  most  complete  and  elal>orat4?  form  of 
respiration  calorimeter  used  is  that  devised  bj'  Atwater  and  Ro.sa 
for  experiments  upon  man.*  The  re.spiration  chamber  is  a  suial! 
room  lighted  and  furnished  so  that  an  individual  may  remain  in 
it  for  long  pt^riods  without  discomfort.    As  shown  in  Fig.  301,  this 
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FiK-  ^iOl.  -Horttontiil  sortion  of  roi^pinition  oftlorimct«r.  Portinns  thii/led  are  of  wood:  A. 
dead-air  ftpurc  bctwo«>n  Cu  uml  Zn  walU;  It.  ilf*iu]<air  mptuv  brl«-iN>n  Zn  »'nll  and  ini>iil«>  wnodco 
wall:  C.  dead-air  spurc  bs^tw^tcn  in^idp  hikI  outjtiil**  wtKKlcn  wnlU;  O.  ptii^umftiir-parklng  air 
and  'bent  insulatecl:  K.  fnod-Hjierttirr  tube;  a,  a,  nirtiicht  portN  (glaiw):  H,  inffnins  watrr  for 
ftbHorbiDK  beat:  G.  outeuiuiiug  water;  V,  veotilatirut  air  currcDt.     (Atwaier  and  Btmetiict.) 


room  is  arranged  as  a  calorimeter.  It  has  several  walls  of  metal 
and  wood  to  prevent  loss  of  heat  to  the  outside  or  the  reverse,  and 
by  means  of  water  circulating  through  a  system  of  pip*^s  within 
the  room  the  heat  given  up  by  the  body  is  carried  oflf.  By  regulat- 
ing this  flow  of  water  the  tempt^ature  of  the  chatiilxT  can  be  kept 
constant.  Knowing  the  temperature  of  the  water  as  it  enters  and 
leaves  the  chamber  and  the  volume  i>f  the  flow,  the  heat  production 
of  the  individual  may  be  calculated  in  terms  of  calories.  For  the 
determination  of  the  carbon  ilioxid  and  water  air  is  drawn  through 
the  room  by  means  of  a  rotar>'  pump  and  a  closed  circuit  is  era- 
ployed,  that  is  to  say*  the  siimc  air  is  kept  circulating  through  the 

•See  Atwater  iiml  Rosa,  UullHin  r»3,  United  States  Deportment  of  Agri- 
cuUure.  1899;  and  for  reeenl  imnrnvcmpntvS,  Atwater  und  Bt'iuslict,  "A  Respi- 
ration Colorimeter/'  Carnegie  lastitution,  Washington,  1905. 
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room,  but  provision  is  made  for  absorbing  the  C0»  and  water  as 
it  is  formed,  and  for  adding  new  oxygen  from  an  oxygen  tank  as  it 
is  needed.  This  arrangement  is  represented  schematically  in 
Fig.  301a.  By  means  of  this  apparatus  many  interesting  and 
important '  experiments  have  been  made  upon  the  nutrition  d 
man  under  different  physiological  and  pathological  conditions, 
and  it  seems  probable  that  it  will  supplant  entirely  the  earlier 
forms  of  calorimeter  described  in  the  preceding  pages.  As  an 
indication  of  its  sensitiveness  the  following  result  may  be  quoted 
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Fig.  301a. — Diagram  of  circulation  of  air  through  respiration  apparatus.   (.^ftmi/iT  and  Bet^tixd) 


from  observations  made  upon  a  man  who,  while  in  the  apparatu.s 
did  much  muscular  work  on  a  bicycle  ergometer: 

Income:  Potential  energy  of  material  metaboIisBed  in   body   ■=   5459 CaL 
f  Energy  given  off  from  the  body  as  heat. . . .  4833  Caf. 


i^tgo   -^  jj^^  equivalent  of  muscular  work 602  Cal. 


5435  CaL 


5435  Cal 


Experimental  error 24  CaL 

Results  of  Calorimetric  Measurements. — The  actual  resultt 
obtained  from  direct  calorimetric  measurements  corroborate  those 
deduced  from  the  study  of  the  energ>'  given  off  in  the  oxidation  of 
the  foodstuffs  of  the  daily  diet.  They  show  that  man  under  con- 
ditions of  ordinary  life  gives  off  heat  from  his  body  to  the  amount  of 
about  24  calories  per  kilogram  of  weight  during  twenty-four  hour?, 
that  is,  about  1  calorie  per  hour  per  kilogram  of  lx>dy  weight.* 

*  Benedict,  ei  ah,  "Journal  of  Biological  Chemistry,"  18,  139,  1914. 
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This  amount  is  intTpased  preatly  under  conditions  demanding 
much  muscular  work.  This  loss  of  heat  is,  of  course,  made  good 
by  the  production  of  an  equal  amount  within  the  body  by  the  oxi- 
dation of  the  food  material.*  Actual  expc*rimcnts  upf)n  diflferent 
animals  show  that  small  animals  produee  more  heat  in  pro|K>rtion 
to  their  weight  than  larj^cr  animals  of  the  same  species^  owing  to 
their  relatively  larger  surface^  and,  therefore^  greater  loss  of  heat. 
This  fact  has  l>een  exprossed  by  Rubner  in  what  he  calls  his  sur- 
face  area  Uiw.  According  to  this  hiw  the  metahorisni  is  pro- 
portional to  the  surface  area,  or  for  the  same  amount  of  surface 
area  there  will  bo  the  same  production  of  heat.  He  estimates 
that  in  man  there  is  produced  in  twenty-four  hours  for  each 
square  meter  of  surface  1042  calories.  More  extensive  observa- 
tions by  later  observers  give  a  lower  figure,  700  to  900  calories. 

HEAT  REGULATEON. 

From  a  general  standpoint  the  most  important  problem  that  the 
physiologist  has  to  study  is  the  means  by  wliich  the  heat  production 
and  heat  loss  are  so  regulateii  as  to  maintain  a  practically  constant 
body  temperature.  Experiments  show  that  the  mechanism  of 
heat  regulation  is  very  complex  and  Ls  two-sided, — that  is,  the  body 
pooDOOOCO  means  of  controlling  the  loss  of  heat  m  well  as  the  produc- 
tion of  heat,  and  under  the  conditions  of  normal  life  both  means 
aroused. 

Regulation  of  the  Heat  Loss. — Heat  is  regularly  lost  from  our 
bodies  in  a  number  of  different  ways,  which  may  be  classified  as 
follows : 

1.  ThrouRb  tlie  excreta,  urine,  feces,  saliva,  which  are  at  the  temperature 

of  thf  bmiy  wUcn  voided.  ,  . 

2.  Throviftb  the  expired  nir.     This  air  is  warmer  than  tlie  iri«pirH  ftir. 

ami,  moreover,  w  nearly  Haturated  with  water-vapor.  The  vaporixa- 
tion  of  walor  requires  heat,  which  in.  of  course,  uken  from  the  body 
supply.    Kach  pram  of  wau»r  roquirea  for  its  vaporiialion  aHoiit  0.5  caj. 

3.  By  evaporation  of  the  sweat  from  the  f»km.     The  amount  lost  in  this 

way  increaaw*  naturally  with  the  amount  of  sweat  eerret-etl, 

4.  By  conduction  and  especially  by  radiation  of  heat  from  the  skin. 

The  relative  values  of  these  different  means  of  heat  loss  are 
estimated  as  follows  by  Vierordt: 

1.  By  urine  and  feces 1.8  per  cent,  or        48  calories. 

2.  By  expired  air:  Warrainp  of  air 3.5         **         "         84        ^^ 

Vaporization  of  wat<T  from  lungs 7.2         "         "       182        |^ 

3.  By  evaporation  from  skin 14.5  '        364 

4.  By  radiation  and  conduction  from  skin, . .  .73.0         "         *'      1792        " 

Total  daily  1088-2470 

•See  Rubner.  "Zeit^phrift  f.  Biologie."  19,  535,  1883;  and  "Gesetie 
dee  KnerKJcverbrauchH,"  ltf02. 
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af  these  factors  will  vary 


It  is  ohvious  that  the  relative  importan 
with  conditions.  Thus,  high  external  temperatures  will  tend  to 
diminish  the  loss  from  radiation  while  increasing  that  from  evapora- 
tion, owing  to  the  greater  production  of  sweat.  The  variation 
in  this  respect  is  well  illustrated  by  the  following  table,  compiled 
by  Rubner,  from  experiments  made  upon  a  starving  dog:* 


Tempermtura. 

C&larie«  lout  bv  radiit- 
iiob  acd  conauclloti. 

Calories  lout  by 
evapormtioQ. 

ToUl  caloriw  of 
metaboUsn. 

r  c. 

78.5 

46.3 
41.0 
33.2 

7.9 

7.7 

10.6 

13.2 

23.0 

86.4 
63.0 
55.9 
54.2 
56.2 

It  will  be  noted  that  between  25°  and  30°  C.  there  was  a  marked 
increase  in  the  loss  of  heat  through  evaporation. 

In  man  loss  of  heat  is  regulated  chiefly  by  controlling  the  impor- 
tant factors  of  evaporation  and  radiation.  We  accomplish  this  end  in 
part  deliberately  or  voluntarily  by  the  use  of  appropriate  clothing. 
Clothing  of  any  kind  captures  a  layer  of  warm  and  moist  air  between 
it  and  the  skin  and  thus  diminishes  greatly  the  loss  by  evaporation 
and  by  radiation.  In  cold  weather  the  amount  and  character  of  the 
clothing  is  changed  in  order  to  diminish  the  heat  loss.  Tlie  ideal 
clothing  for  this  purpose  is  made  of  material,  such  as  wool,  which. 
while  porous  enough  to  permit  adequate  ventilation  of  the  air  next 
to  the  skin^  i.s  at  the  same  time  a  poor  conductor  of  heat  and  thus 
diminishes  the  main  factor  of  loss  by  radiation.  The  most  impor- 
tant means  of  controlling  the  heat  loss,  however,  is  by  automatic 
reflex  control  through  the  sweat  nerves  and  tfie  vasomotor  nerves. 
By  these  iiiean.s  the  amount  of  jjerspiratioa  evajntrated  from  th« 
skin  and  the  amount  of  warm  blood  sent  through  the  skin  are 
controlled.  Kubner  speaks  of  thLs  side  of  the  heat  regulation 
as  the  phifskal  regulation.  By  its  means  the  body  may  be  safe- 
guardetl  from  an  abnormal  riseof  tetu|jerature.  In  warm  weather 
the  secretion  of  sweat  is  greatly  increased  by  reflex  stimulation 
of  the  sweat  nerves.  The  greater  amount  of  water  requires  a 
greater  amount  of  heat  to  vaporize  it,  and  thus  the  heat  los.« 
ifi  increa^ied.  The  value  of  this  control  is  illiistrateil  by  a  case 
recorded  by  Zuntzf  of  a  man  who  [XKSsessed  no  sweat  glands.  In 
summer  this  individual  was  incapacitated  for  work,  since  even  a 
small  degree  of  muscular  activity  would  cause  an  increase  in  his 
body  temperature  to  40°  or  41°  C. 

•  Taken  from  Luflk^  "Elements  of  the  Science  of  Nutrition,"  Philiwfe 
phiu,  HKW.. 

t  Z\mu,  ''Deutfich  mediKinal-Zeitung."  1903,  No.  25. 
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The  control  through  the  vasomotor  nerves  is  doubtless  even 
more  important*  The  blood-vessels  bring  the  warm  blood  to  the 
skin,  where  it  loses  its  heat  by  conduction  and  especially  by  radia- 
tion to  the  cooler  air.  When  the  surrounding  air  is  much  below  the 
rlemperalure  of  the  body  the  vasoconstrictor  center  is  stimulated, 
rthe  blo<>d-vessels  in  the  skin  are  constricted,  the  supply  of  warm 
rblood  to  the  skin  Is  diminished,  and  therefore  the  amount  of  heat  loet 
is  less.  The  reflex  in  this  case  may  be  attriliuted  primarily  to  the 
action  of  the  cool  air  on  the  cold  nerves  of  the  skin.  The  impulses 
carried  by  these  fibers  to  the  nerve  centers  stimulate  the  vasocon- 
strictor center  or  that  part  of  it  controlling  the  vasomotor  fibers 
to  the  skin.  On  warm  days,  on  the  contrary,  the  blood-vessels 
in  the  skin  are  dilated  sometimes  to  an  extreme  extent,  the 
supply  of  warm  blood  is  therefore  increased,  and  more  heat 
\s  lost  if  (he  air  is  lower  in  temperature  than  the  blood.  The 
reflex  in  this  case  may  be  regarded  iwssibly  as  an  inhibition  of  the 
vaeocons  trie  tor  center  through  the  warm  nerves  of  the  skin.  Sub- 
stances^ such  as  alcohol,  which  cause  a  dilatation  of  the  skin  ves- 
sels also  increase  the  loss  of  body  heat,  in  some  cases  to  a  sufficient 
extent  to  lower  the  body  temperature.  To  a  smaller  extent  our 
heat  loss  is  controlled  through  an  acceleration  of  the  breatliing 
movements.  The  greatly  increased  respirations  in  muscular  ac- 
tivity must  aid  somewhat  in  eliminating  the  excess  of  heat  produced, 
although  this  factor  must  be  much  less  important  than  the  sweating 
and  the  flushing  of  the  skin  which  are  produced  refiexly  during 
muscular  work.  In  some  of  the  lower  animals — the  dog,  for  in- 
stance— in  which  the  sweat  nerves  are  absent  over  most  of  the  body 
and  in  which  the  coat  of  hair  interferes  with  the  free  loss  by 
radiation,  it  Ls  foimd  tlial  the  htna  ihi\fugh  the  respirator}'  channel  ia 
relatively  more  important.  The  panting  of  the  dog  is  a  familiar 
phenomenon.  Richet  has  studied  this  reHex  upon  dogs  and  has 
designated  the  greatly  accelerated  breathing  in  warm  weather  or 
after  muscular  exercise  as  thermic  polypnea  (according  to  Gad, 
tachypnea).  He  assumes  a  special  center  for  the  reflex  situated  in 
the  medulla  and  acting  through  the  respiratory  center.  It  ia  a 
curious  fact,  as  shown  by  Langlois,  that  some  reptiles  exhibit  a 
similar  reflex;  when  their  l>ndy  temperature  is  raised  to  39*^  C.  they 
show  a  condition  of  marked    polypnea  (rapid  breathing)  the  ap- 

I  parent  object  of  which  is  to  augment  the  loss  of  heat  from  the 
body. 
Regulation  of  Heat  Production. — Heat  production  is  varied 
in  the  body  by  increasing  or  decreasing  the  physiological  oxitia- 
tions.  Ttiis  end  is  effecteii  in  jiart  voluntarily  by  muscular  exercise 
or  by  taking  food.  Muscular  contractions  are  attended  by  a 
marked  liberation  of  heat  and  it  is  a  part  of  ever>'one's  experience 
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that  by  work  or  muscular  activity  the  effect  of  outside  cold  may  be 
counteracted.    During  fasting  a  certain  amount  of  body  material 
(glycogen,  fat,  protein)  is  oxidized  and  sufficient  heat  is  produced 
to  counterbalance  the  heat  that  is  lost.    If  food  is  taken  it  will  be 
oxidized,  and  the  supply  of  body  material  will  be  spared.  But 
the  digested  products  of  the  foodstuffs,  especially  of  the  proteins, 
stimulate  the  body  metabolisms  (specific  dynamic  action,  p.  905), 
and  cause  an  increase  in  heat  production.    By  this  means,  there- 
fore, the  quantity  of  heat  formed  in  the  body  may  be  raised  tem- 
porarily above  the  usual  level.     In  normal  individuals  this  regula- 
tion is  not,  strictly  speaking,  voluntary.    Outside  cold  is  meet 
effective  in  stimulating  the  appetite  and  thus  leading  us  to  in- 
crease the  diet.    In  this,  as  in  other  respects,  the  appetite  serves 
to  control  the  amount  of  food  in  proportion  to  the  needs  of  the 
body.    The  purely  involuntary  control  of  heat  production  con- 
sists of  an  involuntary  reflex  upon  muscular  metabolism  and 
possibly  in  the  existence  of  a  special  set  of  heat  centers  and  heat 
nerves.     With  regard  to  the  first  effect  we  have  the  striking 
experiments  quoted  by  Pfliiger,*  according  to  which  a  rabbit 
paralyzed  by  large  doses  of  curare  is  no  longer  able  to  maintain 
its  body  temperature  when  the  outside  temperature  is  changed. 
The  rabbit  behaves,  in  fact,  hke  a  cold-blooded  animal.    In 
the  calorimeter  it  shows  a  marked  loss  of  heat  production,  and  itfi 
temperatiire  may  be  made  to  go  up  and  down  with  the  outside 
temperature.    The  same  result  may  be  obtained  by  section  of  all 
the  motor  nerves, — that  is,  section  of  the  spinal  cord  in  the  upper 
cervical  region.    Rubner  has  shown  by  calorimetric  experimentfl 
upon  animals  that  although  the  body  temperature,  as  we  know, 
may  remain  constant  when  the  outside  temperature  is  changed, 
the  heat  production  is  increased  as  the  outside  temperature  is 
lowered.    This  fact  is  well  shown  by  the  following  table,  compiled 
by  Rubner,  from  experiments  made  upon  a  fasting  guinea-pigt 


Temperature 

Temperature 

of  air. 

of  animiO. 

and  per  kilogram  of  axumaL 

0.0*  c. 

37.0**  C. 

2.905 

11. 1 

37.2 

2.151 

20.8 

37.4 

1.766 

25.7 

37.0 

1.540 

30.3 

37.7 

1.317 

34.9 

38,2 

1.273 

40.0 

39.5 

1.454 

From  0**  to  about  35°  C.  the  animal's  body  temperature  remained 
practically  constant,  but  the  oxidations  at  the  lower  temperature 

*  Pfluger,  "Archiv  f.  die  gesammte  Physiologie,"  18,  255,  1878. 
t  Taken  from  Lusk,  loc.  cil. 
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jvere  over  twice  the  amount  of  those  at  the  higher  temperature. 
\t  about  33°  C,  the  metabolism  of  the  mammal,  according  to 
Rubner.  is  at  its  minimum.  From  35°  to  40°  C.  the  heat  regula- 
ting mechanism  in  the  ex{>erimerits  quoted  l>roke  down,  In  that 
beat  l<».ss  was  prevented  to  such  an  extent  by  the  outside  high 
temperature  that  the  body  temperature  rose  in  spite  of  the 
diminution  in  heat  produrti^m.  The  increased  pruductitjn  of 
heat  in  the  body  in  consequence  of  a  fall  in  external  temperature 
is  a  characteristic  property  of  warm-blooded  animals.  Rulmer 
designates  this  side  of  the  regulating  mechanism  as  the  chemical 
regulation,  and  he  calls  attention,  moreover,  to  the  fact  that  in 
mankind,  owing  to  our  custom  of  protecting  the  surface  of  the 
body  b)'  clothing  and  by  artificial  heat,  chemical  regulation 
plays  less  of  a  r61e  than  in  the  lower  animals.  Man,  in  fact, 
keeps  most  of  his  sldu  surrounded  by  a  warm  layer  of  air  at 
about  the  temperature  iXi°  C.)  at  which  the  metabolism,  as 
affected  by  temj)erature.  is  minirnaL  Cold  baths,  ctild  winds, 
and  various  climatic  comiitions,  such  lis  high  altitudes  anil  sea- 
side conditions,  may  cause  a  marked  increase  in  body  metabolism. 
Johannson*  has  sliown  that  the  increased  oxidations  that  occur 
under  tlie  influence  of  outside  cold,  an  measured  by  the  CO,  out- 
put, occur  only  when  nmscuhir  tension  is  intTease*!  or  shivering 
is  noticeil.  We  may  believe,  therefore,  that  the  increased  oxida- 
tions caused  by  cold  are  due  to  motor  reflexes  upon  the  skeletal 
muscles.  These  reflexes  take  place  doubtless  through  the  motor 
fibers,  and  lead  to  an  augmented  muscular  tone  or  to  small  con- 
tractions (shivering),  according  to  their  intensity.  This  fiict 
accords  with  one's  pevs<inal  sensations  regarding  the  condition  of 
his  muscles  in  cold  weatlier. 

The  Existence  of  Heat  Centers  and  Heat  Nerves. — Physi- 
ologists have  long  supposed  that  there  may  he  in  the  body  a  special 
let  of  heat  nerves  smd  heat  centers,  separate  in  their  action  from  the 
motor,  secretory,  and  other  efferent  nerves  that  influence  the  me- 
tabolism of  the  peripheral  organs.  It  is  supposed  that  these  fillers, 
if  they  exist,  when  in  activity  augment  or  inhibit  the  physiological 
oxidations  in  the  tissues,  ami  that  this  effect  has  for  its  specific 
object  an  increase  or  decrease  in  heat  production,  outside  of  any 
functional  activity  of  the  tissues.  Bernard  thought  at  first  that 
he  had  tlemonstrated  the  existence  of  calorific  fibers  in  the  cervical 
sympathetic,  but  it  was  afterward  recognized  that  the  fillers  in 
question  are  vasoconstrictors.  Since  that  time  very  numerous 
experiments  have  been  made  with  this  object  in  view,  but  it  must 
be  admitted  that  no  conclusive  proof  has  yet  been  obtained  of  the 
existence  of  such  a  system.    The  evidence  that  ha^s  been  most  re- 

•  Johantison,  "Skundmavischw  Archiv.  f.  Pysiologie,*'  7,  123,  1897. 
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lied  upon  is  the  effect  of  lesions,  experimental  or  pathological,  of 
definite  portions  of  the  brain  or  cord.  The  following  facts  are 
significant:  A  number  of  observers*  have  found  that  section  or 
puncture  of  the  brain  at  the  junction  of  medulla  and  pons  cau;8es 
an  increase  in  heat  production  and  a  rise  of  temperature.  Section 
of  the  cord  in  the  ccn^ical  region  is,  on  the  other  hand,  attended 
usually  by  a  fall  in  body  temperature.  These  experiments  might  be 
interpreted  to  mean  that  there  exist-s  in  the  brain  anterior  to  the 
meilulla  a  general  heat  center  of  an  inhibitory  character.  Under 
normiil  conditions  this  center  may  hold  the  lower  heat-producing 
centers  in  check.  When  cut  oflf  by  section  this  inhibitory  influence 
Is  removed  and  increase  in  heat  production  and  hotly  temperature 
results.  A  second  important  fact,  brought  out  by  Ott.t  is  that  in- 
jury to  the  corpus  striatum  causes  a  rise  in  heat  production  and 
body  temperature.  This  result  has  been  confirmed  bj'  many  other 
investigators,  making  use  especially  of  what  is  known  as  the  *'  heat 
puncture."  In  this  experiment,  made  upon  rabbits,  a  probe  or 
style  is  inserted  into  the  brain  so  as  to  pimcture  the  corpus  stria- 
tum. The  result  in  the  maiority  of  cases  is  a  rise  of  temperature 
which  may  last  for  a  long  time,  although  the  animal  shows  no  par- 
alysis and  apparently  no  other  effect  from  the  operation.  Accord- 
ing to  some  observers, J  the  increased  production  of  heat  takes  plaoe 
mainly  in  the  liver,  and  is  due  to  the  oxidation  of  the  glycogen. 
According  to  others  (Aronaohn),  the  increased  production  of  heat 
occurs  mainly  in  the  muscles.  The  fever  produced  by  the  "heat 
puncture"  seems  to  be  due  essentially  to  an  irritation  of  the  nen- 
ous  system^  and  is  an  experimental  demonstration  of  the  possi- 
bility of  fever  arising  from  lesions  of  the  nerve  centers.  White  ancl^ 
others  have  described  similar  disturbances  of  heat  prochiction  froE^f 
lesions  of  the  optic  thalamus.  Heat  centers  have  been  located 
also  in  the  septum  lucidumj  in  the  cortex,  the  midbrain,  pons,  and 
medulla.  The  great  amount  of  experimental  work  done  alonf: 
these  lines  has  been  inspired  doubtless  by  the  hope  of  discovering 
a  sf)ecial  heat-regulating  ner\'ous  apparatus  which  if  demonstrated 
would  enable  us  to  explain  the  causation  of  fevers.  In  its  most 
elaborate  form  this  hypothesis  assumes  the  existence  of  primar>' 
heat^producing  (thermogenic)  centers  in  the  cord  and  brain  from 
which  the  calorific  or  heat  nerves  arise.  These  centers  in  turn  are 
controlled  by  regulating  (thermotaxic)  centers  of  an  augmenting 
and  inhiljitorj'  character  in  the  higher  portions  of  the  brain.  By 
reflex  influences  upon  these  latter  centers  the  activity  of  the  thermo-  _ 

•  S<M»    Wood.    "Fever,"    "Smithsonian    Contributions    to    Knowledgv,*^ 
Wiishington.  1K80, 

tOtt,   "Journal  of  NVrvous  uml   Mc-ntal  Diseaws,"   1884.   1887, 
also  "Fevor,  It.s  ThPTmotaxifi  and  Metabolism."  1914. 

X  Roily,  "Deutacheu  Archiv  f.  klinische  Medicin,"  78,  250,  1903, 


iters  may  be  increased  or  tliminishcd  and  the  production 
in  the  Iwrly  controltecJ.  While  such  an  apparatus  may 
exist,  it  is  nevertheless  true  that  the  evidence  in  favor  of  it  so  far 
produced  has  failed  to  convince  the  majority  of  physiologists.  The 
existence  of  a  special  set  of  heat  nerves,  in  fact,  is  still  unproved. 
Modt  physiologists,  perliaps,  believe  that  variations  in  heat  pro- 
duction occur,  as  stated  above,  by  alterations  in  the  intensity  of  the 
oxidations  in  the  muscles  brought  about  by  reflex  excitation  through 
Ihe  motor  nerve  fibers,  and  that  a  special  set  of  heat  filjers  does  not 
exist.  We  may  at  present  uilopt  the  conservative  view  that  heat 
production  and  heat  ilissipation  in  the  body  are  controlled  not 
by  a  special  heat-regulating  apparatus  composed  of  heat  centers 
and  heat  nerves,  but  by  the  co-ordinated  acti\ity  of  a  number  of 
different  centers  in  addition  to  the  voluntar>'  means  aht?ady 
specified.  The  unconscious  regulation  of  the  body  temperature  is 
effected  chiefly  through  the  following  centers: 

The  sweat  centers  and  sweat  nen'es. 

The  vasoconstrictor  center  and   the   vAsoconstrictor 

ner\'e  tib«rs  to  the  skin. 
The  reapirator>^  center. 
The  motor  nerA'e  <*enters  and  the  motor  ner\'e  fibers 

to  the  skeletal  muf^dns. 
The  quantity  and   character  of  the  food  as  deter- 

minetl  by  the  appetite. 


Heat  dissipation 


Heat  production  S  2 


Theories  of  Physiological  Oxidations.— Lavoisier  compared 
the  oxidations  in  the  body  to  the  oxidation  of  organic  substances 
in  combustions  at  high  temperatures.  He  supposed  that  the  mo- 
lecular oxygen  unites  directly  with  the  substances  oxidized  in  one 
case  as  in  the  other.  It  soon  became  evident,  however,  that  this 
direct  analog>'  is  nf>t  apiih"ca!jle.  The  material  that  is  oxidized 
in  the  body — fats,  carboliydrates,  proteins — is  consumed  with  a 
certain  rapidity, — in  the  case  of  muscular  contractions  with  great 
rapidity, — and  we  know  that  these  same  materials  out  of  the  body 
at  a  temperature  of  39°  C.  are  oxicHzed  with  extreme  slowness.  It 
became  customary,  therefore,  to  speak  of  the  oxidations  in  the  body 
as  indirect,  meaning  thereby  that  the  material  is  not  acted  upon 
directly  by  the  molecular  ox>^gen.  Within  recent  years  it  has  been 
shown  that  the  oxidation  in  ortlinary  coml>ustions — the  l>urning 
of  gaseous  hydrogen,  for  instance — is  uot  explained  by  assuming 
that  the  oxygen  unites  directly  with  the  h,vdrogen.  It  is  stated, 
for  instance,  that  this  combustion  does  not  take  place  if  both  gases 
are  entirely  free  from  water  vapor;  the  presence  of  water  is  necessar>^ 
for  the  oxidation.  Oicmists  arc  not  agreed  as  to  the  exact  nature 
of  simple  combustion,  and  it  is  therefore  increasingly  difficult  to 
compare  these  processes  with  the  oxidations  in  the  body.  Leaving 
aside  the  details  of  the  process,  it  may  still  he  believed  that  thii 
metabolism  of  material   in  the  bodv  bv  means  of  which  its  heat 
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energy'  is  produced  is  at  bottom  comparable  to  ordijiar>'  comhu 
tions.  Oxygen  is  absolutely  necessarj^  to  the  process  in  each  ca 
the  same  end-products  are  formed  and  the  same  amount  of  heat  is 
liberated  in  the  one  ease  as  in  the  other.  The  fundamental  jx>int 
that  the  physiologist  is  attempting  to  solve  is  the  means  by  which 
the  body  accomplishes  these  oxidations  at  such  a  low  temperature. 
The  theories  suggested  to  explain  this  fact  have  changed  naturally 
with  the  atlvance  of  chemical  knowledge.  After  the  discovery  of 
ozone  (vSchonbein,  1840)  and  its  great  power  of  oxidation  as  com- 
pared with  oxygen  it  was  suggested  that  in  some  way  the  oxygen 
in  the  body  is  ozonized  and  is  thus  able  to  burn  the  fond  material. 
Gorup-Besanez  showed  that  some  of  the  oxidations  that  take  place 
in  the  body  can  be  successfully  accomplished  outside  the  lx)dy 
\iith  the  aid  of  ozone,  especially  in  the  presence  of  alkalies  or  alka- 
line carbonates.  Otliers  suggested  that  the  ox>'gen  in  the  body  be- 
comes converted  to  atomic  oxygen  and  is  thus  enabled  to  attack  the 
tissue  materials.  Hoppe-Seyler  formulated  a  theor>'  according  to 
which  the  hviug  molecule  is  first  split  into  smaller  molecules  by  the 
hydroly  tic  action  of  ferments.  In  this  ]>rocess,  as  in  fermentation,  to 
which  he  compared  it,  hydrogen  is  liberated  in  the  nascent  or  atomic 
state,  and  this  hydrogen  acting  uprm  the  oxygen  forms  water  with 
the  liberation  of  some  atomic  oxygen,  which  in  turn  oxidizes  the 
split  products  of  the  fermentation.  Others  stiJl  (Traube)  laid  stress 
upon  the  possibility  of  the  formation  of  hydri>gen  peroxid  or 
similar  organic  peroxids  which  are  then  capable  of  effecting  the 
oxidation  of  the  body  material.  This  latter  theor}'',  in  modified 
form  still  prevails.*  ^M 

The  great  junount  of  exp>erimental  and  theoretical  work  upoiH 
the  nature  and  cause  of  physiological  oxidations  has  established 
pretty  clearly  two  general  beliefs  which  it  is  important  to  keep 
in  mind.  It  has  been  shown,  in  the  first  place,  t!mt  the  amount  of 
the  oxidation  is  governed  by  the  tissue  itself  and  not  by  the  quantity 
of  oxygen  present.  The  view  that  by  increasing  the  amount  of 
oxj^gen  offered  to  the  tissue  the  intensity  of  the  oxidations  can 
likewise  be  increased  was  formerly  heltl  and  is  still  met  with.  It 
is  often  supjxiseii,  for  example,  that  by  breathing  pure  oxygen  the 
oxidations  of  the  body  may  be  augmented.  On  the  contrarj-,  the 
facts  indicate  that  when  a  suHicient  supply  of  oxygeji  is  pro\nded 
any  further  increase  has  no  immediate  effect  in  aiding  or  hastening 
the  oxidations.  Tlie  intensity  of  the  process  is  conditioned  by  the 
tissue  itself.  The  initial  stimulus  or  substance  that  sets  going  the 
whole  reaction  arises  within  the  tissues.  The  second  generalization 
that  seems  to  be  accepted  more  an<l  more  of  recent  ye-are  is  that  the 
oxidations  of  the  body,  those  reactions  that  give  rise  to  much  heat, 

*See  Engiler  and  Weiaaberg,   ^'Kritischc  Studien  Qber  die  Vorg&nge  der 

Autoxydation/-  1904. 
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do  not  affect  the  living  tissue  itself.  They  take  place  under  the  ■ 
influence  of  the  living  matter,  or  by  the  aid  of  substances  (enKymes)  " 
formed  by  the  living  matter,  but  the  material  actually  burnt  is  not 
organized  living  substance.  As  the  living  yeast  oells  break  down 
Bugar  in  the  liquid  surrounding  them,  so  the  living  tissue  cells  metab- 
oUze  and  oxidize  the  dead  food  material  contained  in  the  lymph 
and  tissue  liquid  in  which  they  are  bathed.  The  opposite  point  of 
\iew  was  ably  advocated  by  Pflijger.  This  obsen'er,  in  fact,  ex- 
plained the  mystery*  of  physiological  oxidations  by  assuming  that 
the  oxygen  together  with  the  footl  material  is  synthesized  into  the 
highly  complex  and  xinstable  living  molecules.  The  active  intra- 
molecular movement  within  these  molecules  le^ds  constantly  to  a 
breaking  down,  a  splitting  off  of  simpler  molecules  which  consti- 
tute the  products  of  physiological  oxitlation.  The  instability  of 
the  molecule  is  tlue  to  its  size  and  the  activity  of  the  intramolecular 
movements,  or,  as  Pfluger  expressed  it,  "The  intramolecular  heat 
of  the  cell  is  its  life/'  This  point  of  view,  however,  has  not  found 
acceptance  of  late  years.  It  is  iraplictl  or  stated  by  most  recent 
authors  that  the  food  material  is  attacked  and  oxidized  outsitle  the 
living  molecule,  in  the  form  of  fat,  sugar,  protein,  or  rather  in  the 
form  of  the  internuMiiHry  protiuct^  arising  in  the  metabolism  of 
these  substances.  The  teiulency  for  many  years  has  been  to  show 
that  these  processes  in  the  body  are  chemical  changes  that  do  not 
differ  fundamentally  from  similar  i>rocesses  outside  the  body. 
The  point  of  view  actually  adopted  by  most  workers  is  that  the 
living  matter  effects  its  wonderful  changes  in  the  food  material  by 
making  use  uf  intracellular  fennents  or  enz>ines  (cnckH('nz>7nes).* 
That  such  enzymes  arc  fonned,  one  may  say,  generally  in  the  tis- 
sues of  the  Ixtdyj  has  been  brought  out  in  the  preceding  chapters 
upon  Digestion  and  Nutrition.  It  is  necessary  only  to  recall  the 
iacia  that  lipjise,  the  fat-splitting  enzyme,  has  been  isolated  from 
many  tissues,  and  that  in  the  liver  and  muscles  an<l  probably  other 
tissues  there  exist  enzymes  capabli*  uf  converting  glyru^cu  to  sugar 
or  the  reverse,  and  of  oxidizing  the  sugar  completely  by  the  serial 
action  of  several  intracellular  enzj-mes.  Finally,  with  regard  to  the 
protein  material,  it  is  now  recognized  that  proteoljiic  enz>iiies  are 
formed  within  many,  if  not  all,  of  the  living  tissues.  This  point  is 
demonstrated  by  the  fact  of  auiolyais, — that  is,  if  living  tissue  is 
taken  from  the  IxKiy,  vnXh  precautions  against  contamination  by 
bacteria,  and  while  under  perfect  aseptic  conditions  is  kept  warm 
and  moist,  it  will  digest  itself.  The  protein  is  split  up  into  the  same 
simple  hydroiytic  pro<iucts  as  are  obtained  by  boiling  it  with 
acids.  It  has  been  shown  that  this  digestion  is  due  to  enzynjes — 
autolytic  enzymes — formed  within  the  living  tissue.    There  is  no 

•  For  literature,  see  Vernon,  "Inlraceilular  Enzymes,'*  London,  1908. 
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doubti  therefore,  of  the  existence  of  mtracellular  enxymes,  and  that 
these  substances  play  a  conspicuous  part  in  the  metabolism  of  food 
material.    The  lipase,  the  diastase,  and  the  autolytic  eniymes 
(proteases)  just  referred  to  all  belong  to  the  group  that  cause 
hydrolytic  cleavages — that  is,  they  induce  splitting  or  decompo- 
sition of  the  material  by  a  reaction  with  water.    The  suppositkm 
has  naturally  been  made  that  probably  the  oxidations  of  the  body 
are  effected  also  by  enzymes  which  in  some  way  activate  the 
oxygen.     Enzymes  of  this  character  have  been  found;  they  are 
designated  in  general  as  oxidases  or  as  oxidases  and  peroxidamt 
the  former  term  referring  to  those  enzymes  that  effect  oxidations 
in  the  presence  of  oxygen,  while  the  latter  is  applied  to  c^tain 
enzymes  supposed  to  act  only  in  the  presence  of  peroxids.    Badi 
and  Chodat*  have  simplified  this  conception  by  the  hypothesis 
that  all  the  oxidizing  enzymes  of  the  tissues  are  peroxidases,  that  is 
to  say,  substances  which  have  the  power  of  liberating  active  oxygen 
from  hydrogen  peroxide  or  similarly  constituted  organic  peroxides. 
They  assume  that  there  are  present  in  the  tissues  certain  organic 
substances  produced  by  the  cells,  of  an  enzyme   nature,  and 
designated  as  oxygenases,   which   have  the  property  of  com- 
bining with  the  oxygen  furnished  by  the  blood  to  form  organic 
peroxides,  and  that  these  peroxides,  imder  the  influence  of  per- 
oxidase, give  up  their  oxygen  in  atomic  or  active  form,  which  then 
effects   the   characteristic   physiological   oxidations.     This  viev 
can  be  presented  schematically  by  the  following  equations,  in  which 
A  represents  the  oxygenase,  P  the  peroxidase,  and  B  the  tissue 
material  which  undergoes  oxidation: 

A         4-     O2  =     AO,  (organic  peroxide) 

AOj     +     P     +     B     =     BO     +     AO     +     P. 

According  to  this  view  the  oxidations  in  the  body  are  primarily 
due  to  the  formation  of  the  organic  peroxides,  and  the  mode  of 
action  of  these  peroxides  would  be  represented  outside  the  body  by 
the  reactions  of  hydrogen  peroxide  (H2O2).  As  a  matter  of  fact 
it  has  been  found  that  many  of  the  characteristic  oxidation?  that 
occur  in  the  body,  such  as  the  oxidation  of  the  fatty  acids  at  the 
^-carbon  atom  in  the  chain,  the  oxidation  of  glucose  to  glycuronio 
acid,  etc.,  may  be  imitated  outside  the  body  by  oxidation  with 
hydrogen  peroxide,  but  not  by  other  oxidizing  agents.f  This 
collateral  evidence  gives  important  support  to  the  theory.  On 
the  other  hand,  oxidases  or  peroxidases  have  been  discovered  in 
the  blood,  milk,  and  in  various  of  the  tissues  of  the  body,  such  as 
the  IjTnphocjies,  sperm  cells,  etc.J    They  can  be  tested  for  by  a 

*  Bach,  "Handbuch  d.  Biochemie,  EiyanzungsbaDd,*'  1913.  j^ 
t  Consult  Dakin,  "Oxidations  and  Reductions  in  the  Animal  Body."  1912. 
J  For  discussion  and  literature  consult  Kastie,  "The  Oxidases,"  Bulletin 
No.  59,  1910,  Hygienic  Laboratory,  Washington,  D.  C. ;  also  Bach,  loc.  cU. 
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number  of  reactions,  chiefly  color  reactions,  such  as  the  bluing  of  a 
tincture  of  giiaiacum  in  the  presence  of  ti  peroxide  or  the  conversion 
of  a  colorlei^  or  leueobiise  to  a  colored  oxidation  product.     Some  of 
these  oxidiv^es  or  peroxidases  have  been  given  specific  names  in 
accordance  with  the  particular  compoimds  whose  oxidation  they 
eflfect.     For  example,  xatithinoiidase,  which  effects  the  oxidation 
of  hypoxanthin  and  xanthin  to  uric  acid;  the  glycol>-tic  oxidase  or 
ojddases,  which  effect  the  oxidation  of  the  intennciliary  products 
of  sugar  nietalxjiism  in  the  tissue^!;  iyroxifmHe.  which  effects  the 
oxidation  of  tyroiu,  and  in  this  way  is  suppostM]  liy  many  observers 
to  give  rise  to  I'urious  animal  pigments,  yuch  as  melanin;  the 
oldehydases,  which  effect  the  oxidation  of  aldehydes  to  their  cor- 
responding acids — salicylic  aldehyd,  for  instance,  to  salicylic  acids. 
This  list  might  be  greatly  extended,  particularly  if  tlK>se  that  occur 
in  the  plants  were  nX'My  consideretl^  but  as  it  is,  it  suffices  perhaps 
to  illustrate  the  general  belief  regiuding  the  widc»-spread  occurrence 
and  the  Hpecific  properties  of  these  important  substances.   Whereas, 
formerly,  the  general  belief  iuiiong  physiologists  was  that  physio- 
logical or  \-it;il  oxidations  are  effectetl  iu*  part,  of  the  metabolism 
of  the  lining  substance,  the  tendency  at  present  is  to  assume  that 
these  oxidations  are  not  cffei^'tetl  directly  by  changes  in  the  living 
finibetance,  but  imlirectly,  in  that  the  latter  forms  these  organic 
peroxides  and  peroxidases  through  whose  interaction  the  oxygen 
is  liberated    in    active  form.      The  oxidations  effected   by  this 
means  are  the  principal  s<jurce  of  the  development  of  heat  in  the 
body — they  are  especially  exothermic  reactions.     Many  other  of 
the  chemical  changes  of  nietalwUsm,  such  as  the  hydrol>'tic  cleav- 
ages, liberate  but  litth'  heat,  and  others  still,  such  as  the  syntheses 
of  one  kind  or  another  in  which  there  is  a  imion  of  compwunda  to 
form  more   complex   substiuices,  may  even  l>e  attended  by  an 
absorption  of  heat,  tiiat  is,  a  conversion  of  heat  energy  to  the  energy 
of  chemical  affinity.    The  oxidizing  reactions  constitute,  therefore, 
a  lar^e  and  v(*ry  rharai'ifnsfic  f(*ature  i>f  the  iiit^tabolisrn  of  the 
warm-blomlcd  animals.    The  heat  thus  produced  by  the  oxidation 
of  our  food  material  serves  to  maintain  the  btMly  temperature  at 
its  nonnal  high  level,  and  establishes  a  tenjperatnre  environment 
at  which  the  enzymatic  and  chemical  metabolism  of  the  tissues 
is  at  its  optinniHi.     In  addition  siunt'  jihysiolonists  l)elieve  that 
a  portion  of  this  heat  is  used  in  the  work  of  the  body^  that  is  to  say, 
they  regard  the  lK>dy  as  a  sort  of  themio<lynamical  engine  in  which 
the  energy  of  the  food  is  obtained  first  as  heat,  an<l  the  heat  is  then 
utilizeii  in  part  for  the  other  energ>'  needs  of  the  body.    Others, 
however,  are  unwilling  to  accept  this  view  of  the  body  met  hanism, 
and  pn'fu-t>o  l:>elieve  that  the  chemical  energy  of  the  fotnl  can  Ik? 
utilised  directly  for  the  various  energy  needs  of  the  body  without 
passing  througti  the  fonn  of  heat. 


SECTION  IX. 
THE  PHYSIOLOGY  OF  REPRODUCTION. 

With  the  exception  of  the  phenomenon  of  consciousnees,  no 
fact  of  Ufe  excites  more  interest  and  seems  to  offer  greater  di& 
eulties  to  an  adequate  explanation  than  the  function  of  reprodu^ 
tion.    The  male  cell  (spermatozoon)  and  the  female  cell  (ovum) 
unite  to  form  a  new  cell  which  thereupon  begins  to  grow  r^idlj 
and  produces  an  organism  that  in  all  of  its  manifold  peculiarities 
oi  structure  and  function  is  essentially  a  replica  of  its  parento. 
Hie  fimdamental  problems  presented  in  this  act  of  reproduction 
are  those  of  fertilization  and  heredity.    In  the  former  we  must 
ascertain  why  the  imion  of  the  two  cells  is  necessary  or  advant&* 
geous,  and  the  secret  of  the  stimulating  influence  upon  growth  that 
arises  from  this  union.  Under  the  term  heredity  we  express  the  obvi- 
ous, yet  mysterious  fact  that  the  fertilized  ovum  of  each  species  de- 
velops into  a  structure  like  that  of  its  parents.    Both  of  these  im- 
portant problems  are  essentially  of  a  physiological  character,— that 
is,  they  deal  with  properties  of  the  living  material  composing  the 
reproductive  cells;    but,  at  present,  biological  investigation  along 
these  lines  is  largely  in  the  morphological  stage.   The  part  of  the  sub- 
ject that  can  be  studied  with  most  success  is  the  structural  changes 
that  are  associated  with  fertilization  and   reproduction.    Great, 
indeed  wonderful,  progress  has  been  made  during  the  last  century, 
but  it  is  needless  perhaf)s  to  say  that  much  remains  imexplained, 
and  that  in  this,  as  in  so  many  other  problems  of  nature,  the  greater 
our  knowledge  the  clearer  becomes  our  vision  of  the  difficulties  and 
complexities  of  a  final  scientific  explanation.    Outside  these  funda- 
mental problems  there  are  other  accessory  functions  connected,  for 
instance,  ^ith  the  external  genital  organs  which  in  a  measure  are  of 
more  immediate  practical  interest.     In  one  way  or  another  these 
fimctions  are  necessary'  or  helpful  to  the  final  union  of  the  repro- 
ductive cells.     They  form  a  part  of  the  reproductive  life  which  comes 
more  immediately  under  our  observation  and  control,  and  consti- 
tute, therefore,  a  subject  which  has  been  more  accessible  to  in- 
vestigation.    In  the  brief  treatment  given  in  the  following  chap- 
ters more  emphasis  is  laid  upon  this  side,  the  accessory  phenranenft 
of  reproduction,  than  upon  the  deeper,  more  fundamental  prob* 
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lenus,  in  view  of  the  fact  that  the  accessor}'  phenomena  are  the  once 
which  have  at  present  the  greater  practical  interest. 

The  function  of  reproduction  is  often  omitted  from  physiolog- 
ical courses,  and  the  reason  perhaps  is  partly  that  the  structural 
features  and  the  development  of  the  embryo  have  been  assigned  to 
the   department   of  anatomy,  anci    partly  because  it  is  a  function 
not  essential  to  the  maintenance  of  the  existence  and  reactions  of 
the  organism.    The  reproductive  organs  might  be  eliminated  en- 
tirely   anfl  the  power  of  the  bmiy  as  an  organism  to  maintain  its 
individual  existence  not  be  seriously  interfered  with.     The  physio- 
logical   importance  of   the   reproductive  organs  lies  not  in  their 
co-operation  in  the  communal  life  of  the  various  parts  of  the  body, 
but  in  their  adaptation  to  produce  another  similar  being.     We 
may   explain,   therefore,    the    co-ordinating   mechanisms   of   the 
body  without  reference  to  the  reproductive  tissues,  except  so  far 
as   their  supposed  internal    secretions   affect  general    or   specific 
metabolism. 


CHAPTER  LII. 


PHYSIOLOGY  OF  THE  FEMALE  REPRODUCTIVE 
ORGANS. 

The  Graafian  Follicle  and  the  Corpus  Luteum.— The  functional 
value  of  the  ovar>'  is  connected  with  the  fonnalion  antl  rupture 
of  the  Graafian  follicles,  whereby  an  ovum  is  liberated.  The  pri- 
mordial follicles  consist  of  an  o\Tim  surrounded  by  a  layer  of  fol- 
licular epithelium.  Beginning  at  a  certain  time  after  birth  and 
continuing  throughout  the  period  of  active  sexual  life,  some  of  these 
primordial  follicles  develop  into  mature  Graafian  follicles  and  mi- 
grate to  the  surface  of  the  ovar>'.  The  change  consists  in  a  pro- 
liferation of  the  follicular  epithelium  and  the  formation  of  a  serous 
liquid,  the  liquor  foUicuh\  between  the  layers  of  this  epithelium. 
In  the  matured  follicle  there  is  a  connective  tissue  covering,  the 
theca  foUicuU,  fomietl  from  the  stroma  of  the  ovary  and  consisting 
of  two  coats  or  tunics — the  external  ami  the  internal.  The  cells 
in  the  internal  tunic  develop  a  yellowish  pigment  aa  the  follicle 
grows,  and  are  sometimes  designated  as  lutein  cells.  Within  the 
capsule  formed  by  the  internal  tunic  there  is  a  layer  of  follicular 
cells  known  as  the  rnmibmna  granrdoRa  and  attached  to  one  side 
is  a  mass  of  the  same  cells,  the  (ftscus  prnligfnts  -within  which 
the  ovum  is  iml>edded.  The  follicular  liquid  lies  l»etween.  ThLa 
liquid  increases  in  amount,  and  when  the  follicle  has  reached  the 
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surface  it  forms  a  vesicle  projecting  to  the  exterior.    This  projectiDg 
portion  is  nearly  bloodless  and  thinner  than  the  rest  of  the  wall  of 
the  follicle.    It  is  designated  as  the  stigma.    When  fully  mature  the 
follicle  ruptures  at  the  stigma  and  the  egg,  together  with  the  sur- 
rounding follicular  cells  of  the  discus  proligerus  and  a  portion  of  the 
membrana  granulosa,  is  extruded,  the  egg  being  received  into  the 
open  end  of  the  Fallopian  tube.    According  to  Clark,*  the  rupture  of 
the  follicle  is  brought  about  by  an  increasing  vascular  congestion 
of  the  ovary.    The  tension  within  the  ovary  is  thereby  increased, 
the  follicle  is  forced  to  the  surface,  and  the  circulation  at  the  moet 
projecting  portion  is  interfered  with  to  such  an  extent  as  to  cause 
necrotic  changes  at  the  stigma,  at  which  rupture  finally  occurs.  After 
the  bursting  of  the  foUicle  its  wails  collapse,  and  the  central  cavity 
receives  also  some  blood  from  the  ruptured  vessels  of  the  theca. 
Later  on  the  vesicle  becomes  filled  with  cells  containing  a  yellow 
pigment.    These  cells  increase  rapidly  and  form  a  festooned  border 
of  increasing  thickness  around  the  central  blood  clot.     The  vesicie 
at  this  stage,  on  account  of  the  yellow  color  of  the  new  cells,  is 
known  as  a  corpus  luteum.    The  structure  thus  formed  increases 
in  size  for  a  period  and  then  undergoes  retrogressive  changes  aod 
is  finally  completely  absorbed.    The  duration  of  the  period  of  growth 
and  retrogression  varies  according  as  the  egg  liberated  becomes 
fertihzed  or  not.    If  fertilization  does  not  occur,  as  is  the  case  in 
the  usual  monthly  periods,  the  corpus  luteum  reaches  its  maximum 
size  within  two  to  three  weeks  and  then  begins  to  be  absorbed. 
It  is  frequently  designated  under  these  circumstances  as  the  false 
corpus  luteum  (corpus  luteum  spurium)  or  corpus  luteum  of  men- 
struation.    In  case  the  egg  is  fertilized  and  the  woman  becomes 
pregnant  the  life  history  of  the  corpus  luteum  is  much  prolonged. 
Instead  of  undergoing  absorption  after  the  third  week  it  continues 
to  increase  in  size  by  multiplication  of  the  lutein  cells  during  the 
first  few  months  of  pregnancy,  and  does  not  show  retrogressi^'e 
changes  until  the  sixth  month  or  later.    The  total  size  of  the  corpus 
in  such  cases  is  much  larger  than  in  menstruation,  and  it  was  des- 
ignated, therefore,  by  the  older  writers  as  the  true  corpus  luteum 
(corpus  luteum  verum)  or  corpus  luteum  of  pregnancy.    Later 
observers  agree  that  there  is  no  essential  difference  in  structure 
between  the  true  and  the  false  corpus  luteum,  although  the  former 
has  a  longer  history  and  attains  a  greater  size.     The  point  of 
greatest  structural  interest  in  the  corpus  luteum  is  the  origin  of  the 
yellow  (lutein)  cells.     Histologists  have  been  and  still  are  divided 
upon  this  point ;  some  believe  that  they  arise  from  the  cells  of  the 
membrana  granulosa,  others  that  they  come  from  the  connective 
tissue  cells  in  the  internal  capsule  (theca  interna)  of  the  follicle. 
*  Clark,  "Johns  Hopkins  Hospital  Reports/'  7,  181,  1898. 
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The  majority  of  writers  seem  to  favor  the  latter  view.*  Regarrling 
the  physiological  importance  of  the  corpus  opinions  also  differ. 
Some  regard  it  as  simply  a  protective  mechanism  by  means  of 
which  the  empty  space  in  the  follicle  is  filled  up  by  a  tissue  which  b 
afterward  easily  absorbed,  instead  of  by  scar  tissue,  Others,  how- 
ever, attribute  to  the  lutein  ceils  secretory  functions  of  the  most 
important  character  in  connection  with  the  subsequent  develop- 
ment of  the  egg  and  the  activities  of  the  uterus.  Some  reference 
will  he  made  to  these  views  fartlier  on. 

Menstruation. — The  attainment  of  sexual  maturity  or  pul>erty 
is  marked  by  a  number  of  visii>lc  changes  in  the  body,  but  in  the 
female  the  characteristic  change  is  the  appearance  of  the  men- 
strua] flow  from  the  uterus.  The  age  at  which  this  phenomenon 
occurs  shows  many  individual  variations,  but  the  average  for 
temperate  climates  is  given  usually  at  14  to  15  years.  In  the 
warmer  countries  the  age  is  earlier^ — 8  to  10  years, — and  in  the  cold 
regions  somewhat  later, — 16  years.  The  racial  characteristic  in 
this  respect  is  said  to  be  maintained,  however,  after  generations  of 
residence  in  countries  of  a  different  climate,  as  is  iJlustrated  by  the 
relatively  early  appearance  of  menstruation  among  Jews  even  in 
the  colder  countries.  After  the  phenomenon  appears  it  occurs  at 
regular  intervals  of  28  days,  more  or  less,  and  hence  is  known  as 
the  monthl}'  period,  menses,  menstruation,  or  catamenia.  The 
interval  is  not  absolutely  regular,  and  shows  many  individual 
variations  witliin  limits  which  may  be  placed  at  20  to  35  days. 
Alisence  of  the  menstrua!  flow  is  designated  as  a  conilition  of  amen- 
orrhea .  Certain  pre  mo  ni  tory  cjTnptoms  usual  ly  precede  the 
ap}>earance  of  the  menses,  such  as  pains  in  the  back  or  head  or 
a  general  feeling  of  discomfort,  although  in  some  cases  these  symp- 
toms are  absent.  When  these  premonitory  symptoms  are  unusually 
painful  or  serious  and  the  flow  is  diflicult  or  irregular  the  condition 
is  designateil  as  dysmenorrhea.  The  flow  begins  with  a  discharge  of 
mucus,  which  later  becomes  mixed  with  blood.  The  quantity  of 
blood  lost  is  subject  to  indi\'idual  variations^  but  it  may  amount  to 
as  much  as  100  to  200  gms.  The  flow  continues  for  3  or  4  days 
and  then  subsides.  Under  normal  conditions  this  phenomenon 
occurs  regularly  throughout  sexual  life, — that  is,  during  the  period 
in  which  conception  is  possible.  If  fertiUzation  occurs,  men- 
struation i.s  su.'^pended  during  prcgnanoy  and  the  pt^riod  of  lacta- 
tion. At  the  forty-fifth  to  the  fiftietli  year  menstruation  disap- 
pears pennanentty,  and  this  change  marks  what  is  known  as  the 
natural  menopause,  climacteric^  or  change  of  life.  The  change  is 
sometimes  abrupt,  sometimes  very  Kraduablxnnp  prinreded  by  irreg- 

•  \*f)r  flLscuArtJon  und  UtrTature  see  MiirshaU,  ^''I'he  PhysialoRy  of  Kepro- 
ductioii,"  London,  1910;  and  Loeb,  ^'Journal  of  the  Amoricaa  Medical  Aasocia- 
tiou,"  I90t»,  xlvi.,  410. 
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ularities  in  menstruation,  and  it  is  not  infrequently  associated 
with  psychical  and  physical  disturbances  of  a  serious  char&cter. 
If  at  any  time  during  sexual  life  the  ovaries  are  completely  re- 
moved by  surgical  operation  menstruation  is  brought  to  a  close, 
this  condition  being  designated  as  artificial  menopause. 

Structural  Changes  in  the  Uterus  During  Menstruatira.— Ifen- 
struation  is  a  phenomenon  of  the  uterus,  llie  lining  mucous  mem- 
brane, the  endometrium,  in  the  period  of  four  or  five  days  preceding 
the  flow,  becomes  rapidly  thicker  and  its  superficial  layers  are  con- 
gested with  blood,  and  indeed  in  places  small  collections  d  Uood 
may  be  noticed.  Opinions  differ  very  much  as  to  the  change  undo^ 
gone  by  this  thickened  membrane  during  the  flow.  According  to 
some  authors,  most  of  the  membrane  is  thrown  off  and  the  blood 
escape  from  the  denuded  surface  mixed  with  pieces  of  the  mem- 
brane. According  to  others,  no  material  destruction  of  the  mem- 
brane occiUB,  the  blood  that  escapes  being  due  to  small  capilluy 
extravasations  or  perhaps  mainly  to  a  process  of  diapedesis.  It 
would  seem  that  the  amount  of  destruction  of  the  endcHn^um 
must  be  subject  to  individual  variations.  After  the  ceesaticm  d 
the  flow  the  mucous  membrane  is  rapidly  repaired  by  reg^er&tive 
changes  in  the  tissues;  the  surface  epitheUum,  if  denuded,  is  re- 
jdaced  by  proliferation  of  the  cells  lining  the  uterine  ^ands  and 
the  thickened,  edematous  condition  of  the  membrane  rapidly  sob- 
aides  diuing  a  period  of  six  or  seven  days.  While  the  escape  of 
blood  takes  place  only  from  the  surface  of  the  uterus,  the  other 
reproductive  organs — the  ovary,  the  Fallopian  tubes,  and  even  the 
external  genital  organs — share  to  some  extent  in  the  vascular  con- 
gestion exhibited  by  the  uterus  during  the  period  preceding  the 
menstrual  flow.  The  mucous  membrane  of  the  uterus  may  be  said 
to  exhibit  a  constantly  recurring  menstrual  cycle  which  falls  into 
four  periods:  (1)  Period  of  growth  in  the  few  (5)  days  preceding 
menstruation,  characterized  by  a  rapid  increase  in  the  stroma, 
blood-vessels,  epithelium,  etc.,  of  the  membrane.  (2)  The  men- 
struation or  period  of  degeneration  (4  days),  during  which  the 
capillary  hemorrhage  takes  place  and  the  epithelium  suffers  de- 
generative changes  and  is  cast  off  more  or  less.  (3)  The  period  of 
regeneration  (7  days),  during  which  the  mucous  membrane  returns 
to  its  normal  size.  (4)  The  period  of  rest  (12  days),  during  which 
the  endometrium  remains  in  a  quiescent  condition. 

The  Phenomenon  of  Heat  (CEstrus)  in  Lower  Mammals.— 
The  phenomenon  known  as  heat  in  lower  mammals  resembles,  in 
many  essential  respects,  menstruation  in  human  beings,  and  they 
may  be  regarded  as  homologous  functions.  Heat  is  a  period  of 
sexual  excitement  which  occurs  one  or  more  times  during  the  year 
and  during  which  the  female  will  take  the  male.    The  condition 


lasts,  as  a  rule,  for  several  days,  and  in  the  female  is  accompanied 
by  changes  which  resemble  those  of  menstruation-     The  external 
genital  organs  become  swollen  and   in  many  nnimals  there  is  a 
fiischarge  of  mucus  or  mucus  and  blood  from  the  uterus.     His- 
tologically the  mucous  membrane  of  the  utenis  undergoes  changes 
similar  to  those  of  menstruation — that  is,  the  membrane  increases 
in  size  and  becomes  congested  with  blood — anil  it  exhibits  a  phase 
of  degeneration  during  which  some  of  the  epithelial  lining  may  be 
cast  off  and  some  hemorrhage  occur.     As  in  the  case  of  the  men- 
Btnial  period,  the  heat  perioti  or  cestrous  cycle  may  be  divided  into 
lour  subperiods  (Marshall  and  Jolly):  the  proastnan,  during  which 
the  genital  organs  are  congested  and  bleeding  occurs,  corresponds 
with   menstniation;   the  astrvs,   the  period  of  sexual  desire;    the 
meUzstrum,  the  period  of  repair  and  return  1o   normal   comlitions, 
and  the  anastrum,  the  period  of  rest.     If  sexual  union  is  prevented 
during  this  period  heat  pavsses  away  in  a  few  days,  but  recurs  again 
at  intervals  which  \ary  in  the  different  mammals:  4  weeks  in  the 
monkey,  mare,  etc.;  3  to  4  weeks  in  the  cow;  2i  to  4  weeks  in  the 
> sheep;  9  to  IS  days  in  the  sow;  12  to  16  weeks  in  the  bitch,  etc. 
The  recurrence  of  the  period  under  these  circumstances  suggests 
at  once  the  essential  resemblance  to  the  monthly  periods  of  women. 
According  to  Heape's  most  interesting  observations  upon  monkeys 
(Semnopithecus),*  some  of  these  animals  show  a  regular  monthly 
flow  lasting  for  4  days,  except  when  conception  takes  place.     The 
changes   during  heat    must   be   considered   as  physiologically   ho- 
mologous to  those  of  menstrtiation.     The  sexual  excitement   that 
attends  the  condition  in  the  lower  animals  is  not  distinctly  repre- 
sented in  man,  although  it  is  commonly  said  that  in  the  period 
following  menstruation  the  M'xual  dcvsire  is  stronger  than  at  other 
times,  but  in  the  changes  undergone  by  the  ut-erua  and  the  fact 
that  those  changes  are  connected,  as  a  rule,  with  the  liberation 
of  an  egg  from  the  ovary  (ovulation),  the  two  phenomena  are 
physiologically  similar. 

Relation  of  the  Ovaries  to  Menstruation. — It  appears  to  be 
clearlv  demonstrated  that  the  phenomenon  of  menstruation  is  de- 
pendent upon  a  perio<hcal  activity  in  the  ovaries.  When  the 
ovaries  are  completely  removefl  menstruation  ceases  (artificial 
menopause)  and  the  uterus  undergoes  atrophy.  Wien  the  ovaries 
are  congenitally  lacking  or  rudimentary,  a  condition  of  amenorrhea 
also  exists.  These  facts  and  the  connection  of  the  ovaries  with 
menstruation  are  further  corroborated  in  a  striking  way  by  experi- 
ments upon  transplantation  or  grafting  of  the  ovary.  This  experi- 
ment has  been  perfornie<l  unon  lower  animals  (apes)  as  well  as  upon 

*Hcape,  'Thilosopliical  TranBactiona,  Royal  Society,"  185  (B),  1894, 
and  188  (B),  1897. 
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human  beings.  Removal  of  both  ovaries  in  apes  is  followed  by  a  ces- 
sation of  menstruation.  Transplantation  of  an  ovary  under  the  skin 
serves  to  maintain  menstruation,  but  if  subsequently  removed  this 
function  disappears.*  In  the  human  being  Morris  and  Glass  ob- 
tained similar  results,  f  An  ovary  or  a  piece  of  an  ovary  trao- 
planted  into  the  uterus  itself  or  the  broad  ligament  caused  a  le- 
turn  of  the  menstrual  periods  which  had  ceased  after  surgical  re- 
moval of  the  glands,  or  brought  on  free  menstruation  in  conditions 
of  amenorrhea  or  dysmenorrhea. 

Many  views  have  been  proposed  to  explain  this  relationship 
between  ovary  and  uterus.  In  most  cases  it  has  been  assuioed 
that  the  menstruation  in  the  uterus  is  connected  with  the  act  of 
ovulation, — that  is,  the  ripening  and  discharge  of  a  Graafian  follicie. 
Gynecologists,  it  is  true,  have  accumulated  facts  to  show  that  ovu- 
lation may  occur  independently  of  menstruation,  but,  as  a  rule, 
the  two  acts  occur  together,  not  simultaneously,  but  in  a  definite 
sequence,  and  the  significance  of  menstruation  is  to  be  found  in  its 
physiological  connection  with  the  fate  of  the  ovum.  It  was 
believed  at  first  that  the  processes  in  the  ovary  influence  tt» 
uterus  by  a  nervous  reflex.  This  view  finds  its  most  complete 
expression  in  the  theory  formulated  by  Pfliiger.  According  to  this 
physiologist,  the  congestion  of  the  uterus  which  leads  to  menstniar 
tion  and  the  congestion  of  the  ovary  which  leads  to  ovulation  are 
both  reflex  vasodilator  effects  due  to  the  mechanical  stimulation 
of  the  sensory  nerves  of  the  ovary  by  the  growth  in  size  of  the  fol- 
licle. As  this  structure  develops  the  mechanical  stimulus  increases 
in  intensity,  the  congestion  in  both  organs  becomes  more  pro- 
nounced and  leads  finally  to  the  bursting  of  the  follicle  and  the 
hemorrhage  in  the  uterus.  This  very  attractive  theory-  does  not. 
however,  accord  with  the  facts.  Goltz  and  Rein  J  have  shown  by 
experiments  upon  dogs  that  when  the  nerves  going  to  the  utenis 
are  completely  severed  from  their  central  connections  the  animals 
can  be  fertilized,  become  pregnant,  and  give  birth  to  a  Utter  of 
young.  Moreover,  the  experiments  upon  transplantation  referred 
to  above  seem  to  show  quite  conclusively  that  a  nervous  connection 
is  not  essential  to  the  influence  that  the  ovary  exerts  upon  the 
uterus.  The  present  view,  therefore,  is  that  this  influence  is  exerted 
through  the  blood, — the  other  great  system  connecting  the  organs 
with  one  another.  The  usual  assumption  is  that  the  ovaries  form  an 
internal  secretion  which  is  given  to  the  blood  or  lymph  and  upon 
reaching  the  uterine  tissues  serves  to  stimulate  the  mucous  mem- 
brane to  a  more  active  growth.    This  theory  has  been  elaborated 

*  H&Iban,  "Deutsche  Gesellschaft  f.  Gynakol.  "  9,  1901. 

fGlMs,  "Medical  News,"  523,  1899;  Morris,  "Medical  Recorxl."  83,  IWL 
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aost  fully  perhaps  by  Fraenkel,*  wh(»  believes  that  this  internal 
aecretion  !3  fumishe<l  by  the  yellow  cells  o{  the  corpus  luteum. 
Thia  observer,  froin  the  results  of  of>eratiiuis  upon  women,  believes 
that  the  ovum  is  normaliy  discharged  twti  weeks  before  nienstrua- 
tion,  and  the  resulting  increased  activity  of  the  cells  of  the  corpus 
luteum  is  responsible  for  the  secretion  which  stimulates  the  uterus 
to  tlie  augmented  growth  that  takes  place  in  the  premenhtrual 
p)eri(xi.  Whether  or  not  the  monthly  change  in  the  endometrium 
is  directly  dependent  upon  an  internal  secretion  from  the  ovary  or 
is  an  indepentlent  cyclic  process  peculiar  to  this  tissue,  there  seems 
to  be  no  doubt  that  the  physioKigical  integrity  of  the  uterus  as  a 
whole  is  dependent  upon  the  ovaries.  Removal  of  the  ovaries 
in  the  young  prevents  the  normal  development  of  the  uterus, 
vhile  removal  in  the  a*lult  causes  a  degeneration  of  the  uterus, 
which,  however,  can  be  averted  by  a  successful  transplantation 
of  ovarian  tissue. t  In  the  lower  animals  Marshall  and  Jollyt 
have  been  able  to  show  that  extracts  of  the  ovaries,  taken  from 
an  animal  in  or  just  l»efore  heat  (proocstrous  or  cestrous  period), 
when  injected  into  an  aninuil  during  the  an<rstrum  l>nng  on  a 
transient  condition  of  heat.  These  authors  do  not  belie^'e,  how- 
ev^.T,  that  the  chemicEil  stinuilus  (hormone)  ft>r»ied  in  the  ovary 
is  deve!oj>ed  by  t!ie  cells  of  the  cor[)US  Inteum,  since  according 
to  their  observation  un  cats  and  dogs  ovulation  does  not  occur 
until  after  heat  has  l>egun  (procestrum);  nor  does  it  depend  upon 
the  more  maturation  of  the  follicles,  since  when  the-se  are  opened 
by  puncture,  stime  time  bt^fore  niaturation.  heat  appears  in  due 
seasfin. 

The  Physiological  Significance  of  Menstruation. — Naturally 
many  views  have  l>een  proposed  to  exjilain  the  significance  of  men- 
struation. According  to  the  Mosaic  law,  it  is  a  process  of  purifica- 
tion; others  have  seen  in  it  a  mechanism  to  remove  an  excess  of 
nutriment  in  the  l>ody;  but  since  the  period  in  which  our  knowl- 
edge of  the  stnicture  of  the  organs  concerned  and  of  the  histo- 
logical changes  during  the  act  became  more  definite,  theories  of  the 
meaning  of  menstruation  have  usually  assumed  that  it  is  a  prepara- 
tion for  the  reception  of  the  fertilized  ovum.  These  views  have 
taken  two  divergent  forms  according  as  the  act  of  ovulation  was 
believed  U»  precede  or  to  happen  simultaneously  with  or  sul^se- 
quently  to  the  act  of  menstruation.     According  to  one  view,  the 

*  Fraenkel,  "Arrhiv  f.  Ci>'nrikoloKic,"  m,  2.  1903.  See  also  Ihm,  "Monat- 
nchrift  f.  tT<»burtj*h(ilfe  ii.  (lynitkol.,"  21,  ^^X  lOOii,  for  dlscuiwion  and  extensive 
literature. 

tCarmtrhael  and  Jollv.  "Proc.  Kay.  Soc.,"  B,  79,  1907,  and  Marshall 
and  Jolly,  "Roy.  Sor.  F/iinh./'  4fi.  5,S<>/in07. 

J  Marshall  ami  Jolly,  "PluUirtopliicid  Transact  ions,  Royal  Society,*' 
London.  1005,  B.  cxcvtii.,  99;  nhnj  Miir^lmll  tmrl  Huncinian,  "Journal  of 
PhyBioIoRy,"  49,  17.  1914. 


972  THB  FHTSIOLOOY   OF   BEPBODUCTION. 

swelling  and  congestion  of  the  membrane  constitute  a  prepara- 
tion for  the  reception  of  the  fertilized  ovum.  If  the  ovum  fails  of 
fertilization,  then  degenerative  changes  ensue,  and  the  membrane 
or  a  portion  of  it  is  cast  ofT  in  the  menstral  flow,  while  the  p&* 
mainder  is  absorbed.  According  to  this  view,  menstruation  is  an 
indication  that  fertilization  has  not  taken  place.*  This  view 
falls  in  with  the  belief  that  ovulation  normally  precedes  menstrua- 
tion by  a  considerable  interval.  A  modification  or  extension  of 
this  general  hypothesis  is  proposed  by  Bryce  and  Teacher.f 
They  believe  that  the  process  of  menstruation  is  a  cyclic  one, 
which  has  for  its  object  the  preparation  of  the  endometrium  for 
the  reception  of  the  ovum.  The  monthly  regeneration  keeps 
this  membrane  in  that  condition  of  youthful  irritability  which 
enables  it  to  respond  promptly  to  the  stimulus  of  the  ovum  by 
the  formation  of  a  decidua.  The  other  point  of  view  was  advo- 
cated especially  by  Pfliiger  in  connection  with  his  theory  of  a 
common  cause  of  ovulation  and  menstruation.  He  assumed  that 
menstruation  occurs  before  the  ovum  reaches  the  uterus  and  that 
its  physiological  value  lies  in  the  fact  that  a  raw  surface  is  thus  made 
upon  which  the  ovum  is  grafted.  Menstruation,  according  to  him, 
is  an  operation  of  nature  for  the  grafting  of  the  fertilized  ovum 
upon  the  maternal  organism.  This  view  finds  considerable  support 
in  the  fact  that  in  some  of  the  lower  animals  (dogs)  the  flow  of 
blood  (prooestrum)  precedes  fertilization. 

The  Effect  of  the  Menstrual  Cycle  on  Other  Functions.— It 
is  natural  to  suppose  that  such  marked  changes  as  occur  in  the 
ovary  and  uterus  during  the  menstrual  cycle  should  have  an  in- 
fluence upon  other  parts  of  the  body.  As  a  matter  of  fact,  it  is 
known  that  in  general  the  sense  of  well-being  varies  with  the  phases 
of  the  cycle.  At  the  time  of  or  in  the  period  just  preceding  the 
menstrual  flow  there  is  usually  a  more  or  less  marked  sense  of  ill- 
being  or  despondency,  and  a  diminution  in  general  efficiency. 
Efforts  have  been  made  to  explain  these  subjective  changes  on  the 
assumption  that  the  body  processes  may  undergo  wave-like 
variations  corresponding  with  the  menstrual  cycle.J  The  numer- 
ous reports  made  prove  in  general  that  the  body  temperature  and 
pulse-rate  do  show  such  a  wave  moment,  reaching  a  maximum 
just  before  menstruation  and  falling  to  a  minimum  shortly  after 
menstruation.    The  changes,  however,  are  very  slight  and  hardly 

•This  view  finds  expression  in  the  aphorisms:  "Women  menstruate 
because  thev  do  not  conceive,"  Powers,  and  "The  menstrual  crisis  is  the 
physioioRical  homolojcue  of  parturition,"  Jacobi. 

t  Bryce  and  Teacher,  "Early  Development  and  Imbedding  of  the  Human 
Ovum,"  1908. 

X  Jacobi,  "Boylston  Prize  Essay — The  Question  of  Rest  for  Women 
during  Menstruation,"  1876. 
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seem  to  be  sufficient  to  have  nny  distinct  influence  on  the  lK>dy 
metabolism.  In  regard  to  blood-pressure  the  statement  is  fre- 
quently made  that  there  is  a  fall  at  or  during  the  menstrual  flow» 
but  some  observers  fail  to  get  this  result  andj  in  any  case,  it  is  not 
very  extensive.*  On  the  whole,  the  experimental  evidence  thus 
far  obtained  does  not  seem  to  indicate  any  very  significant  altera- 
tion in  the  bodily  functions  as  a  result  of  menstruation. 

The  Passage  of  the  Ovum  into  the  Uterus.^The  means  by 
which  the  ovimi  gains  entrance  to  the  Fallopian  tubes  has  given 
rise  to  much  speculation  and  some  interesting  experiments.  It 
-was  formerly  believed  (Hallcr)  that  at  the  time  of  ovulation  the 
finibriated  end  of  the  l-'alloj^ian  tube  is  brought  against  the  ovary, 
the  movement  lieing  due  to  a  congestion  or  a  sort  of  erection  of  the 
fimbriae.  This  movement  has  not  lx?en  observed,  and,  as  experi- 
ments show  that  small  objects  introduced  uito  the  pelvic  cavity  are 
taken  up  by  the  tubes,  it  is  believed  that  the  cilia  upon  the  fimbria* 
and  in  the  tulies  may  suffice  to  set  up  a  current  that  is  sufficient 
to  direct  the  movements  of  the  ovum.  Attention  has  been  railed 
to  the  fact  that  in  animals  with  a  bicornate  uterus  the  ova  may 
be  liberated  from  the  ovary  on  one  aide,  as  shown  by  the  presence 
of  the  corpora  lutea,  while  the  embryos  are  developed  in  the  horn 
of  the  other  side.  As  further  evidence  for  the  same  possibility  of 
migration  it  has  l)een  sho^^-n  that  the  ovary  ma\'  be  excisefl  on  one 
side  and  the  horn  of  the  uterus  on  the  other  and  yet  the  animal  may 
become  pregnant  after  sexual  union.  It  would  seem  probable, 
therefore,  that  the  ovum  is  discharged  into  the  pelvic  cavity  and 
may  be  caught  up  by  the  ciliar>'  movements  at  the  end  of  the  tube 
on  the  same  side,  or  may  traverse  the  pelvic  cavity  in  the  narrow 
spaces  between  the  viscera  and  be  receivefl  by  the  tul>e  on  the 
other  side.  Such  a  view  explains  the  possible  occurrence  of  true 
abdominal  pregnancies,  and  suggests  also  the  possibihty  that  ova 
may  at  times  fail  to  reach  the  uterus  at  all  anil  may  undergo  de- 
struction and  absorption  in  the  alxlominal  cavity.  In  some  of 
the  lower  animals — the  dog,  for  example — provision  is  made  for 
the  more  certain  entrance  of  tlie  ova  into  the  tubes  by  the  fact 
that  the  latter  end  in  connection  with  a  membranous  sac  of  peri- 
toneum which  envelopes  the  ovary.  The  sexual  fertilization  of  the 
ovum  is  .supposed  to  t^ikc  place  shortly  after  its  entrance  into 
the  Fallopian  tul^e,  since  spennatozoa  have  been  found  in  this 
region,  and  the  fertilized  ovum,  before  rnn'hing  the  seat  of  its  im- 
plantation in  the  body  of  the  uterus,  has  Ix'gun  its  development. 
By  the  act  of  coitus  the  spermatozoa  are  deposite*!  at  the  mouth 
of  the  uterus,  whence  they  make  their  way  toward  the  tubes, 

*  King,  "American  Journal  of  Phvaiolofcy,"  34,  203,  1914;  also  Moaher, 
"Johns  Hopkins  Hospital  Bulletin,"  12,  178,  1901. 
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being  guided  in  their  movements  very  probably  by  the  opposing 
force  of  the  ciliary  contractions  in  the  uterus.  It  is  known  that 
the  cilia  of  the  tubes  and  uterus  contract  so  aa  to  drive  inert 
objects  toward  the  vagina  and  they  carry  the  egg  in  this  direction, 
but  the  spermatozoa,  being  moved  by  the  contractions  of  their 
own  cilia  or  tails,  are  stimulated  to  advance  against  this  ciliar}* 
current.  The  act  of  fertilization  of  the  ovum  is  preceded  by 
certain  preparatory  changes  in  the  ovum  itself  which  are  described 
tinder  the  term  maturation. 

Maturation  ,of  the  Ovum- — The  process  of  maturation  occurs 
before  or  just  after  the  spermatozoon  enters  the  ovum.    At  the 
time  the  latter  is  extruded  from  the  follicle  it  is  a  single  cell  sur- 
rounded  by  a  layer  of  fol- 
licular epithelium   forming 
the  corona  radiata,  which 
is  subsequently  lost.    The 
egg  proper  consists  of  cyto- 
plasm   and   a   nucleus  or 
germinal  vesicle  containing 
a    nucleolus    or    germinal 
spot.      Within    the  cyxo- 
plasm  is  a  definite  colle^ 
tion    of    food    material  or 
yolk   which    is    sometimes 
designated  as  deutopla^m. 
The  whole  structure  is  sur- 
rounded   by    a    membrane 
known  as  the  zona  ra(liut:t 
(Fig.  302).     Before  or  after 
the   egg   reaches   the   Fal- 
lopian tube  its  nucleus  undergoes  the  changes   preparatory  t" 
a  mitotic  division.     The  changes  that  occur  in  an  ordinar)-  cell 
division  are  represented  schematically  in  Fig.  303.    The  nucleus 
at  first  presents  the  ordinary  chromatin   network,   and  in  the 
cytoplasm  lies  the  minute  structure  known  as  the  centrosonie. 
This  latter  divides  into  two  daughter-centrosomes  (b)  which  move 
to  opposite  sides  of  the  nucleus  and  become  surrounded  by  rays, 
each   centrosome  with   its  radiating  system   forming   an   astro 
sphere.     The  chromatin  material  in  the  nucleus  meanwhile  has 
collected   into  larger  threads   known   as  chromosomes    (r),  and 
the  nuclear  membrane  disappears  (rf).     The  number  of  chromo- 
somes is  definite  for  each  species  of  animai.     The  chromosomes 
arrange  themselves  equatorially  between  the  astrosphcres  and  then 
each  divides  longitudinally  into  two  parts  (/).    These  parts  migrate 
or  are  drawn  toward  their  respective  centrosomes  (^,  A,  ?),  and  this 


Fir.  302. — Human  ovum  (Lee,  modified  frcan 
Naget):  n.  Nucleus  (germinal  vesicle)  containing 
tbe  ameboid  nucleolus  (germinal  »pot);  d,  deu- 
toplasmic  zone:  p.  protoplaamic  zone;  *>  zona 
radiata;   «,  perivileUin  space. 
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Fiff.  -'*'rt. — Srhftiiiatic  rep  rr-*'!!  tat  ion    of    the    pHwe-^^e?*   orcurrinK  HuriiiK   cell    divtiuoo.* 
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division  is  followed  by  a  separation  of  the  cytoplasm  into  two 
poxts^.    Thuis,  two  (laugfiter-cells  are  formed,  each  containing  the 
le  numlx*r  of  chrornosotnes  as  the  parent  cell,  but  only  half  the 
lount   of  chromatin   nuiterial.     In   oniinary  cell   division   the 
oliromosomes   again    form    a    resting    reticulum    and    a    nuclear 
niemhrane,  and  the  chromatin  substance  increases  in  quantity. 
The    primitive    egg-cells,  or   oogonia,   divide   according    to    this 
schema,  but  Ix'fore  on  ovum  is  ready  for  fertilization  it  undergoes 
a.   process  of  maturation  which    consisti?    in   two  successive  cell 
<^livisions  ditTeriupc  somewhat  from  the  typ<'  just  dcscribecL     Pre- 
creding  the  first  of  tbese  divisions  the  various  chroniosonies  come 
"together  in  pairs  and  fuse  more  or  less  completely,  the  process  of 
<ronjugation  being  designated  as  the  period   of  synapsis.     The 
^viilence  indicates  that  in  this  pairing  of  the  chromosomes  one  of 
^ach    pair  was  originally  maternal   in  its  origin,  the  other  was 
paternal.    The  result  of  the  conjugation  is  to  reduce  the  numljer 
of  chromosomes  typical  for  the  sjxTies  by  one-half.    In  man,  for 
example,  the  typii'al  number  of  chromosomes  for  the  tissue  cells 
is  48;  by  the  synapsis  they  are  reduced   to  24.      Following  the 
synapsis  the  ovum  undergoes  the  first  of  the  maturation  rlivisions, 
sometimes  known  as  the  reduction  division.    The  two  ova  pro- 
duceti  arc  very  unequal  in  size;  the  smaller  one  is  known  as  the 
first  polar  body,  and  it  subsequently  degenerates.     The  larger 
one  is  the  ovum,  but  it  now  contains  only  half  the  typical  numlx^r 
of  chromosomes,  since  in  the  division  the  paired  chromosomes 
separate,  one  of  each  pair  going  to  the  polar  bmly.    The  separation 
of  the  paired  chromosomes  is  such  that  the  ovum  gets  some  that 
K'ere  of  maternal  and  some  that  were  of  paternal  origin.     After 
the  formation  <jf  the  first  polar  V)ody  the  ovum  again  divides,  this 
time  in  a  typical  way,  with  an  equal  splitting  of  the  chromosomes, 
except  that  ajc^ain  there  is  a  great  disparity  in  size,  the  smaller 
cell   l)eing  known   as  the  second   polar   body.*     Since  the  first 
polar  I^otiy  after  its  separation  may  again  divide  into  two  cells, 
the  process  of  maturation  results  in  the  fonnation  of  four  cells, 
three  of  which  are  {x>lar  boilies  an<l  may  be  regarded  as  abortive 
ova.     The  fourth,  the  matunxi  ovum,  retains  practically  al!  of 
the  original  cytoplasm,  but  has  lost  a  part  of  its  chromatin  mate- 
rial and.  according  to  Boveri»  also  its  centrosome.    The  pnului-tion 
of  these  four  cells  may  be  represented,  therefore,  by  a  schema  of 
the  kind  shown  in  Fig.  304, 

From  a  biological  stantlpoint  the  retluction  of  chromosomes 
throws  much  liglit  upon  the  significance  of  fertilization  hy  the  ntale 
cell.     The  spennatozoon  !>efore  it  is  ripe  undergoes  a  process  of 

•  Wilson,  "The  Cell  in  Inhorilance  and  Developraent/'  also  Conklin, 
"Here<Jity  and  L^iivirunincnt,"  1914. 


I 


I 


976  THE   FHTBZOLOOT  OF   BaPBODUCnOII. 

maturation  essentially  similar  to  that  described  for  the  ovum. 
Two  cell  divisions  take  place  with  the  formation  of  four  spermato- 
zoa; each  of  which,  however,  is  a  functional  spermatozodn.  Id  the 
process  of  division  the  number  of  chromosomes  in  each  cell  b 
reduced  to  half — part  of  maternal  and  part  of  paternal  origin. 
When  the  matured  ovum  and  the  matured  spermatozoon  fuse, 
therefore,  each  brings  half  the  normal  number  of  chromosomes, 
and  the  resulting  fertilized  ovum  is  a  cell  with  its  chromosomes 
restored  to  their  usual  number.  The  chromosomes  are  believed  to 
contain  the  material  which  conveys  hereditary  characteristics. 
The  chromosomes  of  maternal  origin  contain  carriers  of  charac- 
teristics belonging  to  the  stock  of  the  mother,  and  the  paternal 
chromosomes  the  carriers  for  the  qualities  transmitted  through 
the  paternal  side.  The  process  which  causes  each  element  to  lose 
a  part  of  this  material  before  its  union  with  the  cell  of  the  oppo- 

H^ — — — — OvariAD  egg. 


-First  polmr  Dody 


Matui«  egg       .   . .  ^^H      W         ^       #  I    I  Abortivv  ova  resaltiiig 

^^  ^^^       I  from  diviaion  <rf  fint 

I  pc^ar  body. 

Second  polar  body  (abortive  ovum). 
Fig.  304. — Schema  to  indicate  the  prooeiw  of  maturation  of  the  ovum. — (Bovtri) 

site  sex  is,  from  this  standpoint,  a  provision  by  means  of  which 
the  fertilized  egg,  from  which  the  offspring  develops*  sluill  inherit 
the  characteristics  of  the  stock  to  which  each  parent  lx»limg-. 
without  increase  in  the  typical  number  of  the  chroino-sonies.* 

Fertilization  of  the  Ovum. — The  spennatozo<)n  conies  inu 
contact  with  the  ovum  probably  at  the  l>eginning  of  the  Fallopiar 
tubes.  The  meeting  of  the  two  cells  is  possibly  not  simply  a  inattei 
of  accidental  contact,  although  the  numl>er  of  si)ermatoz(>a  ili:* 
charged  by  the  male  at  coitus  is  so  great  that  there  wouUi  :ffvn 
to  be  little  chance  for  the  ovum  to  fail  to  meet  some  of  th<nn.  ¥s 
periments  upon  the  reproductive  elements  of  plants  indicate,  how 
ever,  that  the  egg  may  contain  substances  which  ser\'e  to  attnic 
the  spermatozoon,  within  a  certain  radius,  by  that  force  whic 
is  described  under  the  name  of  chemotaxis.  However  this  may  b< 
the  egg  unites  with  a  spermatozoon  and  under  normal  c-onditioB 
with  only  one.     A  number  of  the  spermatozoa  may  jx^netrat 

•  For  a  popular  pretsentation  see  Boveri,  "Das  Problem  der  Befruchtunft 
Jena,  1902,  and  Conklin,  he.  cit. 
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the  zoDa  radiata,  but  so  soon  as  one  has  come  into  contact  with 
the  cytoplasm  of  the  egg  a  reaction  ensues  in  the  surface  layer 
which  makes  it  unpervious  to  other  spermatozoa.     The  spermato- 
BOOD  consists  of  three  essential  parts, — the  hciid,  the  middle  piece, 
and  the  tail.    The  last  named  is  the  organ  of  locomotion,  and 
after  the  spermatozoon  enters  the  egg  this  portion  atrophies  and 
disappears,  probably  by  absorption.     The  head  of  the  spemmto- 
soon  represents  the  nucleus,  and  contains  the  valuable  chromatin 
material.     On  entering  the  egg  it  moves  toward  the  nucleus  of  the 
latter,  meanwhile  enlarging  and  taking  on  the  character  of  a  nu- 
cleus.   The  egg  now  contains  two  nuclei, — one  belonging  to  it  origi- 
nally, the  female  pronucleus;    one  brought  into  it  by  the  spermar- 
tozoon.  the  male  pronucleus.    The  two  come  together  and  fuse, 
— superficially  at  least, — forming  the  nucleus  of  the  fertilized  egg,  or 
the  segmentation  nucleus.    The  middle  piece  of  the  spermatozoon 
also  enters  the  egg,  but  its  exact  function  and  fate  is  still  a  matter 
of  uncertainty.     Boveri  believes  that  it  brings  into  the  egg  a 
centrosome  or  material  which  induces  the  formation  of  a  centro- 
some  in  the  ovum,  and  is,  therefore,  of  the  greatest  importance  in 
initiating  the  actual  process  of  cell  division  which  begins  promptly 
after  the  fusion  of  the  nuclei.    In  the  segmentation  nucleus  the  nor^ 
mal  number  of  chromosomes  is  restored,  and  it  is  believed  that  in 
the  subsequent  divisions  of  the  cell  to  form  the  embr>'0  the  chromo- 
somes arc  so  divided  that  each  cell  gets  an  equal  division  of  mater- 
nal and  paternal  chromosomes,  and  thus  shares  the  hereditary 
charaet-eristics  of  em^h  parental  stoek.    This  view  is  represented  in  a 
schematic  way  by  Pig.  305,  taken  from  Boveri,  the  maternal  and 
paternal  chromosomes  being  indicated  by  different  colors.    Accord- 
ing to  this  description,  both  egg  and  spennatozoon  arc  incomplete 
cells  l»efore  fusion.     The  egg  contains  a  nucleus  and  a  large  cell 
body,  cytf)plasm,  rich  in  nutritive  material,  but  it  lacks  a  centro- 
some or  the  conditions  necessary  for  the  formation  of  an  astro- 
sphere,  so  that  it  camiot  multiply.     The  s|XTniatozoun  luis  also 
chromatin  for  a  nucleus,  ami  a  centrosome  or  the  materia!  which 
may  give  rise  to  a  centrosome,  but  it  lacks  cirtoplasm — that  is, 
foo<l  material  for  growth.    It  would  seem  that  if  the  spermatozoon 
could  bo  given  a  quantity  of  cytoplasm  it  would  proceeil  to  develop 
an  embryo  without  the  aid  of  an  ovum.    This  experiment  lias,  in 
fact,  been  made  l>y  Boveri.     Eggs  of  the  sea-urchin  were  shaken 
violently  so  as  to  break  them  into  fragments.    If  now  a  sp)emiato- 
zoon  entered  one  of  these  fnignients,  whicli  consisted  only  of  cj'to- 
plasm,  cell  multiplication  began  and  proceeded  to  the  formation 
of  a  larva.    On  the  other  hand,  it  would  seem  to  be  equally  evi- 
dent that  if  a  centrosome  was  present  in  the  egg  or  st>me  in- 
fluence could  be  brought  to  bear  upon  it  to  initiate  the  process  of 
62 
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cell  division,  it  would  develop  without  a  spermatozoon.    In  some 
animals  eggs  do  normally  develop  at  times  without  fertilization 
by  a  spermatozoon  (parthenogenesis),  the  eggs  that  have  this 
property   probably   preserving   their   centrosomes.      Loeb*  has 
shown,    however,   in   some   most   interesting   experiments  that 
certain  eggs,  especially  those  of  the  sea-urchin  (Strongylocentro- 
tus  purpuratus),  which  normally  develop  by  fertilization  with 
spermatozoa,  may  be  made  to  develop  by  physicochemical  meani 
Numerous  means  for  bringing  about  artificial  fertilization  have 
been  described.  One  method  is  to  treat  the  egg  for  a  minute  or  two 
with  an  acid  (acetic,  formic,  etc.),  which  causes  the  formation  of  a 
membrane.    They  are  then  placed  for  a  certain  interval  in  a  h}!^:- 
tonic  sea  water,  made  by  adding  sodium  chlorid  to  ordinar>'  sea 
water.    They  are  then  transferred  to  normal  sea  water  and  after 
an  hour  or  so  they  begin  to  multiply  and  eventually  develop  into 
normal  larvae.     Similar  although  less  complete  results  were  ob- 
tained previously  by  Morgan.     Experiments  of  this  character 
would  indicate  that  the  spermatozoon  brings  into  the  ovum 
definite  substances,  which,  by  chemical  or  physicochemical  means, 
initiate  and  control  the  process  of  segmentation.    Suggestions  as 
to  the  nature  of  these  substances  are  at  present  very  hypothetical. 
Robertson  t  states  that  he  is  able  to  isolate  from  spermatozoa  a 
substance  which  can  fertilize  the  ovum,  that  is,  cause  the  fonna- 
tion  of  a  fertilization  membrane.    The  substance  is  not  defined 
chemically,  otherwise  than  to  state  that  it  is  not  a  protein  nor  an 
enzyme.    He  proposes  for  it  the  name  oocytin.    On  the  other  hand. 
F.  R.  LillieJ  claims  that  fertilization  is  due  to  a  substance  produretl 
in  the  egg  itself — designated  as  fertilizin — which  acts  as  an  anilx>- 
ceptor  binding  the  sperm  by  a  spemiophile  group.    He  conceives 
that  the  spenn  when  thus  bound  activates  the  ovophile  side  chain 
in  the  fertilizin,  which  then  causes  fertilization.    According  to  this 
view  the  egg  is  really  self-fertilizing,  the  spennatozocm  furnishing 
simply  an  activating  substance,  and  the  function  of  the  sperm  can 
be  assumed  by  the  above-mentioned  reagents  which  induce  arti- 
ficial fertilization. 

Implantation  of  the  Ovum. — After  fertilization  in  the  tube  the 
ovum  begins  to  segment  and  multiply,  and  meanwhile  is  carried 
toward  the  uterus,  probably  by  the  action  of  the  cilia  lining  the  tube. 
Upon  reaching  the  cavity  of  the  uterus  it  becomes  attached  to  the 
mucous  membrane,  usually  in  the  neighborhood  of  the  fundus. 
The  membrane  of  the  uterus  has  become  much  thickened  mean- 
while, and  in  this  condition  is  known  usually  as  the  decidua.    The 

•IxM'b,  "University  of  California  Publications,"  2,  pp.  83,  89,  and  113. 
1905.     Set'  also  Wilson,  "Archiv.  f.  entwick.  Mechanik,''^  12,  1901. 
t  RobertJ=ton,  "Journal  of  Biolojcical  Chemistry,"  12,  163,  1912. 
X  V.  R.  Lillie,  "iScience,"  October,  1913. 


portion  to  which  the  egg  l)erome8  attached  is  the  decichia  serotina, 
and  it  eventually  develops  into  the  placenta,  the  organ  through 
which  the  matemal  nutriment  is  supplieil  to  the  fetus.  The  ovum 
has  made  fonsideraljle  progress  in  i\s  development  before  reaching 
the  utenis,  having  formed  amnion  and  chorion,  with  chorionic  vilh. 
Some  of  the  ectoflermal  cells  in  the  chorion  become  speciah/.ed  to 
form  a  group  of  trophoblastic  cells  which  have  a  digestive  action, 
and  it  l^  suggested  that  the  aclivity  of  these  cells  enables  the  ovum 
to  bei'ome  attached  to  the  decidual  membrane  and  to  hollow  out 
spaces  in  which  the  chorionic  papilla  become  inseiled.*  The  further 
development  of  the  egg  into  a  fetus,  tlie  fomuition  of  the  decidua 
graviditatis,  and  tlie  placenta  are  anatomit-ul  features  that  need 
not  be  ileyeribed  here.  Detail'  of  these  stnuMurps  will  be  foutul 
in  works  on  anatomy,  cmbr>'o]ogj%  or  obstetrics.  On  the  phy&- 
iological  side  it  hiis  l>een  found  that  removal  of  (he  ovaries,  or  even 
destniction  of  the  rorpora  hitea,  shoilly  after  pre^ancy  hiLs  l)egun 
brinjrs  the  process  to  an  end,  while  a  similar  operation  later  in 
pregnancy  has  no  effect  upon  the  developing  fetus  or  the  subsequent 
act  of  parturition.  It  seems,  therefore,  that  the  process  of  implan- 
tation of  the  ovum  in  the  uterine  mucous  membrane  and  the  devel- 
opment of  a  placenta  are  dcpentlent  in  some  way  upon  the  ovaries. 
The  apparent  explanation  of  the  connection  Is  given  in  the  hypothe- 
sis that  the  corpora  lutea,  during  their  rapid  development  at  the 
beginning  of  pregnancy,  give  off  an  internal  secretion  which  controls 
or  influences  in  some  essential  way  the  processes?  connected  with 
the  fixing  of  the  fertilized  ovum-f 

The  Nutrition  of  the  Embryo — Physiology  of  the  Placenta. 
^-At  the  time  of  fertilization  the  ovum  contains  a  small  amount 
of  nutriment  in  its  cytoplasm.  The  amount,  however,  in  the  uiam- 
malian  o\'Tjm  is  small  and  suffices  j>robably  only  for  the  initial  stages 
of  growth.  When  the  ovum  becomes  implanted  in  the  decidual 
membrane  of  the  utenis  the  new  material  for  growth  must  he  ab- 
8orl:>ed  directly  from  the  maternal  hlood  of  the  utenis.  Within 
a  short  time,  however,  the  chorionic  villi  begin  to  burrow  into  the 
uterine  mcm})rane  at  the  jxiint  of  attachment,  the  decidua  t^erotina, 
and  the  placenta  gradually  forms  as  a  definite  organ  for  the  control 
of  fetal  nutrition.  The  details  of  histological  stmctiire  of  this 
organ  must  be  obtained  from  anatomical  sources.  For  the  purposes 
of  understanding  its  general  functions  it  is  sufhcient  to  recall  that 
the  placenta  consists  Cissentially  of  vascular  diorionic  ]»{qMUa'  from 
the  fetus  bathed  in  large  blood-spaces  in  the  decidual  membrane  of 
the  mother.  The  fetal  and  the  matemal  blood  do  not  come  into 
actual  contact;  they  are  separated  from  each  other  by  the  walls  of 

•  Sw  Minot»  '^Transuctions  of  the  American  G>*iiec<jlogical  Society,"  1904. 
t  Marshall  and  JoUy  ami  Frai*nkel,  ioc.  cil. 
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the  fetal  blood-vessels  and  the  epithelial  layers  of  the  chorionic  vilti, 
but  an  active  diffusion  relation  is  set  up  between  them.     Nutritives 
material,  protein,  fat,  and  carbohydrate,  and  oxygen  pass  fron 
the  maternal  to  the  fetal  blood,  and  the  waste  products  of  fet 
metabolism — carbon  dioxid,  nitrogenous  wastes,  etc.,  pass  from  th^ 
fetal  to  the  maternal  blood.    The  nutrition  of  the  fetal  tissues  i^ 
maintained,  in  fact,  in  much  the  same  way  as  though  it  were  a^ 
actual  part  of  the  maternal  organism.    That  material  passes  froi^ 
the  maternal  to  the  fetal  blood  is  a  necessary  inference  from  tl^ 
growth  of  the  fetus.    The  fact  has  also  been  demonstrated  repea^ 
edly  by  direct  experiment.    Madder  added  to  the  food  of  the  moth^ 
colors  the  bones  of  the  embryo.    Salts  of  various  kinds,  sugar,  Hni^, 
etc.,  injected  into  the  maternal  circulation  may  afterward  be  (^^ 
tected  in  the  fetal  blood.     But  we  are  far  from  having  data  tt»a/ 
would  justify  us  in  supposing  that  the  exchange  between  thf 
two  bloods  is  effected  by  the  known   physical   processes  of  o». 
mosiSf  diffusion,  and  filtration.    The  difficulties  in  understanding 
the  exchange  in  this  case  are  the  same  as  in  the  absorption  of  nour- 
ishment by  the  tissues  generally.    It  is  perhaps  generally  assumed 
that  the  chorionic  villi  play  an  active  part  in  the  process,  func- 
tioning, in  fact,  in  much  the  same  way  as  the  intestinal  villi.    This 
assumption  implies  that  the  epithelial  cells  of  the  villi  take  an  active 
part  in  the  absorption  of  material  by  virtue  of  processes  which  can- 
not be  wholly  explained,  but  which  without  doubt  are  due  to  the 
chemical  and  physical  properties  of  the  substance  of  which  they  are 
composed.    This   assumption   does  not  mean   that   the  simpler 
and  better  understood  physical  properties  of  diffusion  and  osmosis 
are  not  also  important.    The  respiratory  exchange  of  gases,  the 
diffusion  of  water,  salts,  and  sugar,  may  be  largely  controlled  in  this 
way.    There  are  no  facts  at  least  which  contradict  such  an  assump- 
tion.   The  passage  of  fats  and  proteins,  however,  would  seem  to 
require  some  special  activity  in  the  chorionic  tissue,  which  may  be 
connected  with  the  presence  of  special  enzymes.    Glycogen  occurs 
in  the  placenta  itself  and  in  all  the  tissues  of  the  embryo  during  the 
period  of  most  active  growth.     In  the  later  period  of  embryonic 
life,  as   the  liver  assumes   its  fimctions,  the   glycogen   becomes 
more  localized  to  this  organ  and  disappears,  except  for  traces, 
in  the  skin,  lungs,  and  other  tissues  in  which  it  was  present  at 
first  in  considerable  quantities.    It  would  appear,  therefore,  that 
glycogen  (sugar)  represents  one  of  the  important  materials  for  the 
growth  of  the  embryo,  and  that  in  the  beginning  at  least  the  tissues 
generally  have  a  glycogenetic  power.    The  sugar  brought  to  the 
placenta  in  the  maternal  blood  passes  over  into  the  fetal  blood  and 
the  excess  beyond  that  immediately  consumed  is  deposited  in  the 
tissues  as  glycogen.    The  body  fat  of  the  fetus  is  at  first  slight  in 
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amount,  but  after  the  sixth  month  begins  to  increase  with  some 
rapidity.  The  fat-forming  tissues  are  in  full  activity,  therefore, 
before  birth,  and  funi^tion  doubtless  in  the  same  way  as  in 
the  adult.  Before  birth  also  the  various  organs  begin  to  take  on 
their  normal  activity.  The  kidney  may  form  urine  long  before 
birth,  as  is  shown  by  the  j>resence  of  this  secretion  in  the  bladder, 
and,  shortly  before  birth  at  least,  it  has  the  power  of  producing 
hippuric  acid,  as  may  be  shown  by  injecting  lienzoates  into  the 
blood  of  the  mother.  The  kidney  functions  of  the  embr>'0,  how- 
ever, are  doubtless  performed  chiefly  by  the  placenta  and  the 
kidney  of  the  mother  up  to  the  time  of  birth.  That  the  liver  also 
begins  to  assume  its  functions  early  is  shown  by  the  fact  that  from 
the  fifth  to  the  sixth  month  one  may  find  bile  in  the  gall-bladder. 
In  the  int-estine.  colon,  there  is  found  also  a  collection  of  excrement, 
the  nieconiuiii,  wliicli  ah^ws  that  the  motor  and  secretory  functions 
of  the  intestinal  canal  may  be  present  in  the  last  months  of  fetal 
life.  From  the  pancreas  a  proteolytic  enzyme  may  be  extracted  at 
the  time  of  birth  or  before,  but  the  amylolytic  enzyme  is  not  formed 
apparently  until  some  time  later.  It  is  stated,  at  least,  that  it  is 
not  present  at  birth.  In  general,  it  is  evident  that  for  a  long  period 
the  maternal  organism  digests  and  pre]>ares  the  food  for  the  embryo, 
excretes  the  wastes,  regulates  the  conditions  of  temperature,  etc., 
as  it  does  for  a  portion  of  its  own  substance,  but  as  the  fetus  ap- 
proaches term  its  tissues  and  organs  l>egin  to  assume  more  of  an 
independent  activity',  as  indeed  must  be  the  case  in  preparation 
for  the  sudden  change  at  birth.  In  this  respect,  as  in  all  parts  of 
the  reproductive  process,  we  meet  with  regulations  whose  mechanism 
18  but  dimly  understood. 

Changes  in  the  Maternal  Organism  during  Pregnancy. — 
The  two  most  distinct  effects  upon  the  mother  that  result  from 
pregnancy  are  the  growth  of  the  utenis  and  of  the  mammar}-  gland. 
The  virgin  utenis  is  small  and  firm,  weighing  from  30  to  40  gms., 
while  at  tlic  entl  of  pregnancy  it  may  weigh  as  much  as  ItXK)  gms. 
This  great  increase  in  material  is  due  partly  to  the  growth  of  new 
muscular  tissue  and  partly  to  an  hypertroph}'  of  the  muscle  already 
present.  In  the  utenis  at  term  the  muscle  cells  are  much  longer 
and  larger  than  in  the  organ  iK^fon-  the  implantation  of  the 
fertilized  ovum.  The  .-stimulus  that  initiates  and  controls  this 
new  growth  is  seemingly  the  fertilized  ovum  its^^If,  but  the  phys- 
iologi<*al  means  employed  are  not  comprehended.  We  know 
from  <*xiHTiments  upon  lower  animals  (Rein)  that  when  all 
connections  with  the  central  nervous  system  are  severed  the 
fetus  develops  nonnalty  and  the  uterus  increases  correspond- 
ingly in  size  and  weight.  The  influence  of  the  ovum  on  the 
uterus  must  be  exerted,  therefore,  in  all  probability,  through 
some  chemical  stimulus  which  it  gives  to  the  organ.     The  eifect 
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of  the  presence  and  growth  of  the  fetus  on  the  mammary 
gland  is  treated  in  a  separate  paragraph  below.  In  addition  to 
these  two  visible  effects  it  is  evident  that  the  growth  of  the  fetus 
has  an  important  influence  on  general  metabolism  and  therefon 
upon  the  whole  maternal  organism.  This  fact  is  indicated  by  the 
marked  changes  often  exhibited  in  the  physical  and  mental  coo; 
dition  of  the  mother.  It  is  shown  more  precisely  by  a  study  of  the 
nutritional  changes.  Numerous  investigations  have  been  made 
upon  this  subject,  especially  as  regards  the  nitrogen  equilibrium. 
During  the  latter  part  of  pregnancy,  especially,  the  nitrogen  balance 
is  positive — that  is,  nitrogen  is  stored  as  protein — due  doubtless 
both  to  the  growth  of  the  embryo  and  the  increase  in  material  m 
the  uterus  and  mammary  gland.  The  proportion  of  ammonia  in 
the  urine  increases  during  pregnancy  and  especially  during  labor. 
Parturition. — The  fetus  "  comes  to  term  "  usually  in  the  lath 
menstrual  period  after  conception — that  is,  about  280  days  after 
the  last  menstruation.  The  actual  time  of  delivery,  however 
shows  considerable  variation.  Delivery  occurs  in  consequence  of 
contractions,  more  or  l^s  periodical,  of  the  miisculature  of  the 
uterus,  and  reflex  as  well  as  volimtary  contractions  of  the  abdom- 
inal muscles.  It  has  been  shown  that  delivery  may  occur  when  the 
nerves  connecting  the  uterus  with  the  central  nervous  system  are 
severed,  so  that  the  act  is  essentially  an  independent  function  of 
the  uterus,  although  under  normal  conditions  the  contractions  of 
this  organ  are  doubtless  influenced  by  reflex  effects  through  it« 
extrinsic  nerves.  It  has  been  shown  that  contractions  of  the  g^a^'id 
uterus  may  be  caused  by  stimulation  of  various  sensor>^  nenes,  and 
in  women  it  is  known  that  delivery  may  be  precipitated  prematurely 
by  various  mental  or  physical  disturbances.  The  interesting  prob- 
lem physiologically  is  to  determine  the  normal  factor  or  factors  that 
bring  on  uterine  contractions  at  term.  Various  more  or  less  unsatis- 
factory theories  have  been  proposed.  Some  authors  attribute 
the  act  to  a  change  in  the  maternal  organism,  such  as  mechani- 
cal distension  of  the  uterus,  a  venous  condition  of  the  blood,  a 
degenerative  change  in  the  placenta,  etc.,  while  others  suppose  that 
the  initial  stimulus  comes  from  the  fetus.  In  the  latter  case  it 
is  suggested  that  the  increasing  metabolism  of  the  fetus  is  insuffi- 
ciently provided  for  by  the  placental  exchange,  and  that  therefore 
certain  products  are  formed  which  ser\'e  to  stimulate  the  uterus 
to  contraction,  Healy  and  Kastle*  suggest  another  hypothesis  for 
which  they  give  some  experimental  support.  They  beUeve  that  a 
hormone  is  formed  in  the  mammary  gland,  which  at  this  time  takes 
on  an  accelerated  development,  and  this  hormone  by  a  stimulating 
effect  on  the  uterus  initiates  normal  labor. 

•  Healy  and  K:tstlc,  'Bulletin  100,  Ky.  Agricultural  Ejcp.  Station.**  1912. 
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The  duration  of  the  labor  painvS  is  variable,  but  usually  they  are 
longer  in  prlmipanc,  ten  to  twenty  hours  or  more^  than  in  niultip- 
arae.  After  the  fetus  is  delivered  the  eontraeiioas  of  the  uterus 
continue  until  the  placenta  also  is  expelled  as  the  "after-birth." 
During  these  latt-er  contractions  the  fetal  bkxKi  in  the  plaeenta  is, 
for  the  most  part,  squeezed  into  the  eireulation  of  the  newborn 
child.  The  hemorrhage  from  the  walls  of  the  uterus  due  to  the  rup- 
ture of  the  plaeenta  may  be  profuse  at  first,  but  under  normal  eon- 

I  dition.s  is  soon  controlled  by  the  firm  contraction  of  the  uterine  walls. 

I  The  Mammary  Glands. — At  the  time  of  puljerty  the  mam- 
mary glands  increase  in  size,  but  this  growth  is  confined  largely 
to  the  connective  tissue;  the  true  glandular  tissue  remains  rudi- 
mentary anil  functionless.  There  is  re:vson  to  believ(*  that  the 
growth  of  the  glantl  in  the  prepubertal  period,  like  other  secondxuy 
sexual  characteristics,  is  controlled  hy  an  internal  secretion  from 
the  interstitial  tissue  of  the  ovaries  (p.  885).  At  the  time  of  con- 
ception the  glandular  tis,sue  is  in  some  way  stimulated  to  furtlier 
growth.      Secreting  alveoli  are  formed,  and  during  the  latter  part 

(of  pregnancy  they  produce  an  incNjmplet^  secretion,  scanty  in 
Amount,  known  as  colostrum.  After  delivery  the  gland  evidently 
is  again  brought  under  the  iiiHuenee  of  special  stimuli.  It  becomes 
rapidly  enlarged  and  a  more  abunthuit  secretion  is  fonned.  For  the 
first  day  or  two  this  secretion  still  has  the  characteristics  of  colos- 
trum,  but  on  the  third  or  fourth  day  the  true  milk  is  formed  and 
thereafter  is  ]}ro<luced  abumlantly,  tluring  the  |x*ri(xi  of  lactation, 
under  the  influence  of  the  act  of  milking.  If  during  this  ])eriod  a 
new  conception  occurs,  tlie  milk  secretion  is  altered  in  (composition 
and  finally  ceases.  On  the  other  hand,  if  the  act  of  nursing  is  aban- 
doned permanently  the  glands  after  a  preiiminar>'  stage  of  turgid- 
ity  undergo  retrogressive  changes  that  result  in  the  cessation  of 
secretory  activitj^  The  colostrum  secretion  that  occurs  during 
pregnancy  and  for  a  day  or  two  after  birth  differs  from  milk  in 
its  composition  and  histological  structure.  It  is  a  thin,  yello^^ish 
liquid  containing  a  larger  percentage  of  albumin  and  globulin 
and  a  smaller  percentage  of  milk-6\igar  and  fat  than  normal  milk. 
Under  the  microscope  it  shows,  in  addition  to  some  fat  droplets, 
certain  large  elements, — the  colostrum  corpuscles.  These  con- 
sist of  spherical  cells  filled  wuth  fat  droplets,  and  are  most  probably 
fcucocytes  filled  with  fat  w^hich  they  have  ingested.  Colostrum 
corpuscles  may  occur  in  milk  whenever  the  secretion  of  the  gland 
is  interfered  with,  and  their  presence  may  be  taken  as  an  indi- 
cation of  an  incomplete  secretion. 

Conditions  Controlling  the  Secretion  of  the  Majunary  Gland. 
— The  physiological  coiuiection  l)etwwn  the  uterus  nnil  the 
manmiar>'  gland  is  shown  by  the  facts  mentioned  in  the  pre- 
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ceding  paragraph.    That  the  ovary  also  shares  in  this  influence 
dther  directly  or  through  its  effect  on  the  uterus  is  shown  by 
the  fact  that  after  complete  ovariotomy  the  mammary  gland  unde^ 
goes  atrophy.    This  imdoubted  influence  of  one  oi^gan  upon  tha 
other  might  be  exerted  either  through  the  central  nervous  sy&ten 
or  by  way  of  the  circulation.      There  are  indications  that  the 
secretion  of  the  mammary  glands  is  under  the  control,  to  some 
extent  at  least,  of  the  central  nervous  system.    For  instance,  in 
women  during  the  period  of  lactation  cases  have  been  recorded 
in  which  the  secretion  was  altered  or  perhaps  entirely  suppressed 
by  strong  emotions,  by  an  epileptic  attack,  etc.    This  in<^catioo 
has  not  received  satiirfactory  confirmation  from  the  side  of  ex- 
perimental physiology.    Eckhard  fotmd  that  section  of  the  nuun 
nerve-trunk  supplying  the  gland  in  goats,  the  external  spermatic, 
caused  no  difference  in  the  quantity  or  quality  of  the  secretion. 
Rohrig  obtained  more  positive  results,  inasmuch  as  he  found  that 
some  of  the  branches  of  the  external  spermatic  supply  vascnnotor 
fibers  to  the  blood-vessels  of  the  gland  and  influence  the  secretion 
of  milk  by  controlling  the  local  blood-flow  in  the  gland.    Section 
of  the  inferior  branch  of  this  nerve,  for  example,  gave  increased 
secretion,  while  stimulation  caused  diminished  secretion,  as  in  tiie 
case  of  the  vasoconstrictor  fibers  to  the  kidney.    These  resultB 
have  not  been  confirmed  by  others — in  fact,  they  have  been  sub- 
jected to  adverse   criticism — and   they  cannot,  therefore,  be  ac- 
cepted unhesitatingly. 

After  apparently  complete  separation  of  the  gland  from  all  its 
extrinsic  nerves,  not  only  does  the  secretion,  if  it  was  pre\iously 
present,  continue  to  form,  although  less  in  quantity,  but  in  opera- 
tions of  this  kind  upon  pregnant  animals  the  glands  increase  in  size 
during  pregnancy  and  become  functional  after  the  act  of  parturi- 
.  tion.*  This  result  confirms  the  older  experiments  of  Goltz,  Rein, 
and  others,  according  to  which  section  of  all  the  nerves  going  to 
the  uterus  does  not  prevent  the  normal  effect  on  lactation  after 
delivery.  Regarding  the  question  of  the  existence  of  secretory 
nerves,  Baschf  reports  that  extirpation  of  the  celiac  ganglion  or 
section  of  the  spermatic  nerve  does  not  prevent  the  secretion,  but 
causes  the  appearance  of  colostrum  corpuscles. 

Experiments,  therefore,  as  far  as  they  have  been  carried  in- 
dicate that  the  gland  is  under  the  regulating  control  of  the  cen- 
tral nervous  system,  either  through  secretory  or  more  probably 
through  vasomotor  fibers.  The  bond  of  connection  between  the 
mammary  gland  and  the  uterus  is,  however,  established  mainly 

*  Mironow,  "Archives  des  sciences  biologiques,''  St.  Petersburg,  3,  353, 
1894. 

t  Basch,  "Ergebnisee  der  Physiologic,"  vol.  ii.,  part  i,  1903. 
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through  the  blood  rather  than  throujffh  the  nervous  sj'stem.  Some 
direct  evidence  for  this  pi>iut  of  view  is  furnished  by  the  interesting 
exfjeriments  of  Starling  and  Lane-Clay pon.*  These  authors  found 
that  extracts  made  from  the  body  of  the  fetus,  or  rather  from  the 
bodiea  of  aurny  fetuses,  when  injected  repeatedly  into  a  virgin  rabbit 
caused  a  genuine  development  of  the  mammary  glands  closely 
simulating  the  growth  that  normally  occurs  during  pregnancy. 
Since  similar  extracts  made  from  ovaries,  phu'ental  and  uterine 
tissues  had  no  effect^  they  conclude  that  a  specific  chemical  sub- 
stance (a  hormone)  is  produced  in  the  fetus  itself  and,  after  absorp- 
tion into  the  matema!  blood,  acts  upon  the  mammary  gland,  stim- 
ulating it  to  growth.  Since  the  hirth  tjf  the  fetus  is  followed  by 
active  secretion  in  the  mainmarj^  glands  they  adopt  furtlier  the 
view  that  this  substance,  while  promoting  the  growth  of  the  gland 
tissue,  inhibits  the  catabolic  processes  which  lead  to  the  fomiation 
of  the  secretion.  With  the  birth  of  the  fetus  this  substance  is 
withdrawn  and  secretion  begins,  and,  on  the  contrary,  the  secretion 
is  suspended  when  a  new  pregnancy  is  well  advanced.  Further 
evidence  of  the  same  kind  is  furnished  by  the  interesting  cikse  of  the 
Blazek  sisters.f  Tliese  twins  hail  a  common  circulation  but  sepa- 
rate nervous  systems.  Pregnancy  and  parturition  in  one  was 
followed  by  a  secretion  of  the  mammary  glands  of  both. 

As  was  said  in  speaking  nf  the  histolng\'  of  the  gland,  the  se- 
creting alveoli  are  not  fullj'  formeii  until  the  first  pregnancy.  Dur- 
ing the  period  of  gestation  the  epithelial  cells  multiply,  the  alveoli 
are  formed,  and  after  parturition  secretion  begins.  As  the  liquid 
is  formed  it  accumulates  in  the  enlarged  galaetophoroue  ducts,  and 
after  the  tension  has  reached  a  cert-ain  point  further  secretion 
is  apparently  inhibited.  If  the  ducts  are  emptied,  by  the  infant 
or  otherwisCi  a  new  secretion  begins.  The  emptying  of  the  ducta, 
in  fact,  seems  to  constitute  the  normal  physiological  stimulus  to 
the  gland-cells,  but  how  this  act  affects  the  secreting  cells,  whether 
reflexly  or  directly,  is  not  known. 

The  jxissibility  that  the  mammary  secretion  is  influenced  by 
various  internal  secretions  has  been  brought  out  by  the  experiments 
of  Ott  and  Scott. J  These  observers  find  that  extracts  of  several 
glands,  particularly  of  the  posterior  lobe  of  the  hypophysis  and  of 
the  corpus  luteuni,  have  a  distinct  stimulating  eflect  upon  the 
mammary  gland.  Whether  or  not  this  influence  is  exerted  nor- 
mally remains  to  be  determined. 

Composition  of  the  Milk.^The  composition  of  milk  is  com- 

•  Lane-Claypon  and  Starling,  "Procwdinipi  of  the  Royal  Society,"  1906» 
B.  Ixxvii.;  see  also  StarlinK  in  "Lttncet,"  1905. 

t  Baach,  "Deut.  Med.  Woclienschrift."  36,  981,  1910. 

i  Ott  and  Scott,  "Therapeutic  Gaiette,"  Oct.,  1911,  May  and  Nov.,  1912. 
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plex  and  variable.*    The  important  constituents  are  the  fats,  held 
in  cmuldiou  aa  minute  oil  dr<i[)letH,  and  consisting  chiefly  of  oleia.^ 
and  palmitin;  casein,  a  nucleo-albumin  which  clots  under  the  in^fl 
fluence  of  rennin;  niilk-alhumin  or  lacta-lhumin.  a  protein  resem- 
bling senira-albumin;  lactoglobulin;  lurtose  or  milk-sugar;  lecithin, 
cholesteriii,  phosphocarnic  acid,  urea,  creatin,  citric  acid,  enzymes, 
and  ratneral  salts.     It  is  well  known  also  that  many  foreign  sub- 
stances— drugs,  flavors,  etc. — introduced  with  the  food  are  secreted 
in  the  milk.     An  average  composition  is:  proteins,  2  to  3  per  cent.y 
fats,  3  to  4  pt*r  cent. ;  sugar,  fi  to  7  per  cent. ;  salts,  0.2  to  0.3  pef 
cent.    The  fact  that  casein  and  milk-sugar  do  not  exist  preformed^ 
in  the  blood  is  an  argument  in  favor  of  the  view  that  they  are  formed! 
by  the  secretorj*  metabolism  of  the  gland  cells.    The  special  com*! 
lK»sitinn  of  the  milk-fat  and  the  histologica!  appearance  of  the 
inland  cells  during  sivrction  sUKgosl  tlic  view  that  the  fat  is  abo 
constructed  witliin  the  gland  itself.     Bunge  has  called  attention 
to  the  fact  that  the  inorganic  salts  of  milk  differ  quantitatively 
from  those  in  the  blood-plasma  and  resemble  closely  the  propor- 
tions found  in  the  body  of  the  young  animal,  thus  in<licating  aa^ 
adaptive  secretion.     This  fart  is  ilhist  rated  in  the  following  tahtoH 
giving  the  mineral  constituents  in  100  parta  of  ash:  ^M 

Young  Pup.     Dogs'  Milk.     Doos'  Sbmom. 

K,0 8.5  10.7  2.4 

Nn-0 8.2  6.1  52.1 

CaO 35.8  34.4  2.1 

MgO 1 .6  1.5  0..5 

FeA 0,34  0.14  0. 12 

pA 39.8  37.5  5.9 

Cf 7.3  12.4  47.6 

On  account  of  the  use  of  cows*  milk  in  place  of  human  milk  ia 
the  nourishment  of    infants  much  attention   has  been  given  to 
the   relative  comjwsition   and   properties  of  the  two  secretions,^ 
The  chief  difference  between  the  two  lies  apparently  in  the  casein«^| 
The  casein  of  human  milk  is  smaller  in  amount,  curtUes  in  loosef  ■ 
fiocka  than  that  of  cows'  milk,  and  seems  to  dissolve  more  easily  fl 
and  completely  in  gastric  juice.    The  former  also  contains  rela- 
tively more  lecithin  and  less  ash,  particularly  the  lime  salts.    On 
the  other  hand,  cows'  milk  contains  less  sugar  and  fat.     In  using 
it,  therefore,  for  the  nutrition  of  infants  it  is  customarj'  to  aiid 
water  and  sugar.     The  composition  of  cows'  milk  is  so  well  known 
that  it  is  easy  to  modify  it  for  special  cases  according  to  the  in- 
dications.   The  rules  for  this  procedure  will  be  found  in  worka 
upon  pediatrica, 

*  For  dtUa  as  to  composition  and  hygienic  relatioos.  soo  Bullotin  ll„| 
"Hygienic  Laboratory,"  Public  Hculth  and  Marine  Hospital  Scr\'ice,  U.  S,,,r 
Washington,  1908. 
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Puberty. — Tho  soxual  life  of  the  male  is  longer  than  that  of  the 
female.  Puberty  or  .sexufil  maturity  begins  somewhat  later,— in 
temperate  climates  at  about  the  fifteenth  year;  hut  there  is  no  dis- 
tinct limitation  of  the  reproductive  powers  in  old  age  correspond- 
ing to  the  menopause  of  the  female.  At  the  time  of  puberty  and 
for  a  short  preceding  period  the  boy  grows  more  rapidly  in  stature 
and  weight,  and  the  assumption  of  its  complete  functions  by  the 
testis  exerts  a  general  influence  upon  the  organism  as  a  whole. 
One  of  the  superficial  changes  at  this  period  which  is  very  e\ident 
is  the  alteration  in  pitch  of  the  voice.  Owing  to  the  rapid  growth 
I  of  the  larynx  and  the  vocal  corils  the  voice  becomes  markedly 
deeper,  and  the  change  is  in  some  cases  sufficiently  sudden  to  cause 
the  well-known  phenomenon  of  the  breaking  of  the  voice.  The 
neuromuscular  control  of  the  vocal  cords  becomes  for  a  time  un- 
certain«  The  completion  of  puberty  can  not  be  determined  in  the 
boy  with  the  same  exactness  as  in  the  girl,  in  whom  menstruation 
furnishes  a  visible  sign  of  sexual  maturity.  Part  of  the  sexual 
mechanism  may  be  functional  long  before  the  time  of  puberty, 
as  is  shown  by  the  presence  of  sexual  dvmv  and  the  ]>oss!bility 
of  erection;  l>ut  fully  developeil  ypermut-ozoa  are  not  protluced 
until  this  period,  and  indeed  the  presence  of  ripe  and  functional 
spernuitozoa  in  the  testis  is  the  only  certain  sign  that  sexual  ma- 
turity has  been  attained.  Puberty  iis  thus  defined  consists  in  the 
maturation  of  the  testis  hi  the  male,  and  of  the  ovary  in  the  female. 

It  ftill  be  recalled  that  in  tlie  intercvsting  work  ujKin  the  internal 
secretion  of  the  testes  report*KJ  by  Steinach  (p.  885),  he  empha- 
sizes the  fact  that  these  organs  eonsi*st  of  two  distinct  part«,  the 
repro<luctive  cells  proper  lining  the  seminiferous  tubules  and  the 
interstitial  tissue.  This  latter  tissue  forms  the  internal  secretion, 
which  is  responsible  in  all  iirobability  for  the  flevelopment  of  the 
sei^ondary  sexual  cbaractt^isties,  such  as  the  enlargement  of  the 
penis  and  it^  accessory*  glands  fvesicles,  prostate),  the  appearance 
of  sexual  desire,  the  prepubertal  growth,  etc.  Since  the  full  devel- 
opment of  these  characteristics  marks  the  appearance  of  puberty, 
St^^inach  proposes  to  designate  the  mass  of  interstitial  tissue  as  the 
"pubertal  gland."     Normally,  the  full  establislunent  of  the  sex 
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characteristics  is  coincident  with  the  maturation  of  functional 
activity  in  the  generative  part  of  the  gland,  and  the  practical  indi- 
cation of  the  completion  of  puberty  is  the  formation  of  spermatozoa. 
In  Steinach's  experiments  these  two  fimctions  of  the  testis  were 
separated,  and  puberty,  so  far  as  the  development  of  sex  characto'* 
istics  was  concerned,  was  established  without  the  production  of 
spermatozoa.  It  seems  probable  that  the  secretions  of  the  intff- 
stitial  tissue  begin  to  influence  the  rest  of  the  organism  some  time 
before  the  generative  elements  mature,  since  sexual  appetite  may 
be  present  before  puberty,  and  the  prepubertal  growth  changes 
appear  gradually.  The  history  of  this  tissue,  moreover,  is  bound  up 
in  some  intimate  way  with  the  activity  of  other  glands  of  intenui 
secretion,  with  the  thymus,  the  cortical  portion  of  the  adrenal 
gland,  and  particularly  with  the  pituitary  gland.  It  will  be  re- 
membered that  deficiency  of  the  pituitary  gland  (posterior  lobe)  h 
accompanied  by  a  condition  of  sexual  infantilism. 

The  Properties  of  the  Spermatozoa.— The  development  and 
maturation  of  the  spermatozoa  in  the  testis  has  been  foUowed 
successfully  by  histological  means.    The  mother-cells  of  the  8pe^ 
matozoa,  the  spermatocytesi  give  rise  to  four  daughte]>cells,  spe^ 
matidSy  each  of  which  develops  into  a  functional  spermatozoat 
The  process  in  this  case  is  something  more  than  mere  cell  division, 
snce  in  the  spermatozoa  eventually  produced  the  number  of 
chromosomes  present  in  the  nucleus — that  is,  the  head  of  the  sper- 
matozoon— are  reduced  by  one-half.    The  process  of  production 
of  the  spermatozoa  is  therefore  quite  analogous  to  the  maturation 
of  the  ovum  during  the  formation  of  the  polar  bodies.    The  forma- 
tion and  maturation  of  the  spermatozoa  may  be  represented  by 
a  schema  similar  to  that  used  in  the  case  of  the  ova,  as  follows  (Fig. 
306) :  In  the  case  of  the  ovxun  four  ova  are  produced,  but  only  one 
is  functional,  and  this  one,  the  ripe  egg,  is  characterized  by  its  large 
amount  of  cytoplasm,  its  inability  to  undergo  further  cell  division 
until  fertilized,  and  the  reduction  of  its  chromosomes  to  half  the  num- 
ber characteristic  of  the  body  cells  of  the  species.     In  the  case 
of  the  spermatozoa,   the  four  cells  produced  are  all  functional* 
and  are  characterized  by  the  practical  loss  of  cytoplasm,  reduc- 
tion of  chromosomes  by  one-half,  and  inability  to  multiply  until 
cell  material  is  furnished.     The  two  cells  supplement  each  other, 
therefore.    Their   union   restores  the  normal  number  of  chromo- 
somes, part  of  which  are  now  maternal  and  part  paternal;  the  egg 
supplies  the  cytoplasm  and  the  spermatozoon  nuclear  material  and 
the  definite  stimulus  that  leads  to  multiplication. 

*  It  is  an  interesting  fact  that  in  some  cases  (bees)  two  kinds  of  spermatids 
are  formed  by  an  UQe<)ual  division  of  the  spermatocyte,  and  the  smaller  d 
the  two  is  abortive,  as  m  the  case  of  the  polar  bodies  of  the  egg. 
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The  spermatozoa  are  produced  in  enormous  numbers.  It  is 
calculated  that  at  ejaoulatian  eat^h  cubic  centimeter  of  the  liquid 
coniuins  from  sixty  to  seventy 
millions  of  these  cells.  The 
adult  ripe  spermatozoon  is 
characterized  as  an  independ- 
ent cell  by  its  great  motility, 
due  to  the  cilia-like  contrac- 
tions of  its  tail.  Its  power  of 
movement  or  its  vitality  is 
retained  under  favorable  con- 
ditions for  ver>'  long  periods. 
The  most  striking  instance  of 
this  fact  is  found  in  the  case 

of  bats.  In  these  animals  copulation  takes  place  in  the  fall  and 
the  uterus  of  the  female  retains  the  spemiatoKoa  in  activity  until 
the  period  of  ovulation  in  the  following  spring.  Even  in  the  human 
being  it  is  l)€lieved  that  the  spermatozoa  may  exist  for  many  days 
in  the  uterus  and  Fallopian  tubes  of  the  female.  In  the  semen  that 
is  ejaculated  during  coitus  the  sjjermatozoa  are  mixed  with  the 
secretions  of  the  accessor>^  reproductive  glands,  such  as  the  seminal 
vesicles,  the  prostate  gland,  and  Cowper's  gland.  The  specific  in- 
fluence of  each  of  these  secretions  is  not  entirely  understood,  but 
experiments  show  that  in  some  way  they  are  essentia!  to  or  aid 
greatly  in  maintaining  the  niotiiity  of  the  spermatozoa.  Steinach  * 
has  found,  for  example,  that  removal  of  the  proatate  gland  and 
seminal  vesicles  in  white  rats  prevents  successful  fertilization  of  the 
female,  although  the  ability  and  desire  to  copulate  are  not  inter- 
fere<i  with.  This  result  has  been  corroborated  by  Walker. t  Accord- 
ing to  this  author,  removal  of  both  the  prostate  and  seminal  vesicles 
in  the  rat  leaves  the  testes  in  apparently  normal  condition,  but  the 
animals  are  not  able  to  fertilize  the  female.  Removal  of  the  testes, 
on  the  other  hand,  prevents  the  development  of  the  prostate  in  the 
young  animal  and  causf^s  atrophy  of  the  gland  in  the  adult.  Evi- 
dently, therefore,  the  testis  controls,  in  some  way,  probably  by  a 
hormone,  the  inetalxjlic  processes  in  the  prostate.  Walker  believes 
that  the  prostatic  secretion  aids  in  rendering  the  spermatozoon 
properly  motile.  The  secretion  of  the  seminal  vesicles  in  the  rat 
exhibits  a  curious  property  of  clotting  U[icju  nuxturo  with  the 
secretion  of  a  small  gland  at  it.s  base — the  fMiagulating  gland.  If 
the  secretion  of  the  vesicles  follows  the  ejaculation  of  the  semen,  it 
is  possible  that  the  coagulation  of  the  former  serves  to  occlude  the 

•  See  Htoinach,  "Archiv  f .  die gesanimtc  Phy.'fiologie/'  56, 1894,  and  Walker, 
"Arrhiv  f.  Anatomie  u.  PhyHiologio/'  IKS9.  |>.  'M'.i. 

t  Walker,  "Jolia^  Hopkias  Hospital  Reports,"  16,  1911,  and  "JohnB  Hop- 
kins liuUetin,"  21,  1910. 
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greatly  augmented  blood-flow  to  the  organ.  If  the  erectile  tiasut 
is  cut  or  the  dorsal  vein  is  opened  the  blood-flow  under  usual  con- 
ditions is  a  slow  stream,  but  when  the  nervus  erigens  is  stimulated 
the  outflow  is  ver>^  greatly  increased;  according  to  Eckhard's 
measurements,  eight  to  fifteen  times  more  blood  flows  out  of  the 
organ.  The  act  of  erection  is  therefore  due  essentially  to  a  vas- 
cular dilatation  of  the  small  arteries  whereby  the  cavernous  spaces 
become  filled  with  blood  untler  considerable  pressure.  The  caver- 
nous tissues  are  distended  to  the  limits  permitted  by  their  tough, 
fibrous  wall.  It  seems  probable  that  the  turgidity  or  rigidity  of 
the  congested  organ  is  completed  bj^  a  partial  occlusion  of  the 
venous  outflow,  which  is  effected  by  a  compression  of  the  efferent 
vein  by  means  of  the  extrinsic  muscles  (ischio  and  bulbotavemosus) 
and  possibly  by  the  intrinsic  musculature  as  well.  This  compre» 
sion  does  not  occlude  the  blood-flow  completely,  but  serves  to  in- 
crease greatly  the  venous  pressure.  This  explanation  of  the  act  of 
erection,  while  no  doubt  correct^  s^o  far  as  it  goes,  leaves  undeter- 
mined the  means  by  which  the  dilatation  of  the  small  arteriee  is 
produced.  Vasoiiilator  nerve  fibers  in  general  are  assumed  to  pro- 
duce a  dilatation  by  inhibiting  the  peripheral  tonicity  of  the 
arterial  walls.  If  this  explanation  is  applied  to  the  case  under 
consideration  it  forces  us  to  believe  that  throughout  life,  except 
for  the  very  occasional  acts  of  ei'ection,  the  arteries  in  the  penis 
are  kept  in  a  constant  condition  of  active  tone.  Moreover,  on  this 
view  we  should  expect  Uint  section  of  the  vasoconstrictor  fibers  to 
the  |x?nis,  by  abolishing  the  tone  of  the  arteries,  would  also  caiise 
erection.  These  con-strictor  fillers  arise  from  the  second  to  fifth 
lumbar  spinal  nerves,  and  i-each  the  organ  by  way  of  the  hj-po- 
gastric  nerve  and  plexus  and  the  ptidic  nerve.  No  such  result  of 
their  section  is  reported  and  it  seems  that  in  the  matter  of  erec- 
tion the  actual  mechnnism  of  the  great  dikitation  caused  by  the 
nervi  erigcntea  still  contains  stonie  points  that  need  investigation. 

The  Reflex  Apparatus  of  Erection  and  Ejaculation.^ — The 
dilatation  of  the  arteriee  of  the  penis  during  erection  is  norma Ih' & 
reflex  act,  effected  through  a  center  in  the  himbar  cord.  This  center 
may  be  acted  upon  by  impulses  descending  from  the  brain,  aa 
in  the  case  of  erotic  sensations,  or  by  affei-ent  impulses  arising  in 
some  part  of  the  genital  tract, — from  the  testes  themselves^  from 
the  urethra  or  prostate  gland,  and  especially  from  the  glans  penis. 
Mechanical  stimulation  of  the  glans  leads  to  erection,  and  Eckhard 
showed  in  dogs  that  section  of  the  pudic  nerve  prevents  this  reflex 
from  occurring,  proving,  therefore,  that  the  sensory  fibers  concerned 
run  in  the  pudic  nerve.  Stimulation  of  these  latter  fibers  leads  also 
to  erotic  sensations  and  eventually  to  the  completion  of  the  sexual 
orgasm.    Tlxis  latter  act  brings  about  the  forcible  ejection  of  Uw 
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the  spermatozoa  in  greater  abundance  than  in  any  other  protein. 
The  protainins  differ  from  mast  other  protein  compounds  by  their 
relative  simphcity;  they  contain  no  cystin  grouping,  therefore  no 
sulphur;  no  carbohydrate  grouping  in  moat  of  the  compounds 
examined;  and  no  tyroain  complex.  In  the  spermatozoa  of  some 
fishes  the  protamins  are  replaced  by  more  complex  compounds 
belonging  to  the  group  of  histons  which  show  properties  somewhat 
intermediate  between  those  of  protamins  and  ordinary  proteins, 
and  in  general  it  may  l)e  suit!  that  the  head  of  the  spermatozoon, 
like  the  nuclei  of  cells  in  general,  consists  chiefly  of  a  nucleoprotein 
compound,  that  Ls,  a  conipouruJ  of  nucleic  acid  with  u  protein  body 
of  a  more  or  les,s  distinctly  basic  character.*  The  nucleic  acid  com- 
ponent of  the  sperinatozoon  resembles  the  same  substance  as 
obtained  from  the  nuclei  of  other  cells.  In  the  spermatozoa  of  the 
salmon  this  nucleic  acid  has  the  formula  C^J:lfJi^^Ffi^^.  On 
decoiiiposilioii  by  hydrolysis  it  yields  at  first  some  of  the  purin  bases 
(adenin,  guanin),  and  on  deeper  cleavage  a  number  of  compounds, 
including  the  pyrimidin  <lerivatives,  thymin,  uracil,  and  cytosin. 
While  the  chemical  sturlies  upon  spermatozoa,  thus  briefly  referred 
to.  have  greatly  extended  our  knowledge,  it  is  still  impossible  to 
say  that  they  have  given  any  information  concerning  the  peculiar 
functions  of  the  spermatozoa  in  fertilization. 

The  Act  of  Erection,— In  the  sexual  life  of  the  male  the  act  of 
erection  of  the  |.)enis  during  coitus  offers  a  most  striking  physical 
phenomenon.  During  this  act  the  jienis  becomes  hard  anti  erect, 
owing  to  an  engorgement  with  blood.  I'he  stnicture  of  the  corpora 
cavernosa  and  corpus  spongiosum  is  adapted  to  this  function » being 
composed  of  relatively  large  spaces  inclosed  in  tral)ecula?  of  connec- 
tive an<i  plain  muscle  tissue, — the  so-called  erectile  tissue.  Many 
theories  have  been  projiosed  to  explain  the  mechanism  of  erection, 
but  it  is  generally  agreed  that  the  work  of  Eckhard  f  demonstrated 
the  essential  facts  in  the  process.  This  investigator  discovered  that 
in  the  dog  stimulation  of  the  nervi  erigentes  causes  erection.  These 
ner\'es  are  composed  of  autonomic  fibers  arising  from  the  sacral  por- 
tion of  the  spinal  cord  {see  Figs.  1 1 1  and  1 12).  They  arise  from  the 
sacral  spinal  nerves,  first  to  third  (dog),  on  each  side  and  help  to 
form  the  pelvic  plexus.  They  contain  vasodilator  fibers  to  the  penis, 
as  well  ae  to  the  rectum  and  antis*  anil  also  visceromotor  fibers  to  the 
descending  colon,  rectum,  and  anus,  tiekhard,  Loven,  and  othersj 
have  shown  that  when  these  fibers  are  stimulated  there  is  a  large 
dilatation  of  the  arterioles  in  the  erectile  tissue  of  the  penis  and  a 

*  Run&n,  Ice.  Hi. 

t  Eckhard,  •'BcitruKr  zur  Anutomie  und  Physiologie,"  2,  123,  1863,  and 
4.  69,  1869. 

X  See  especially  Franvois-Franck,  "Archives  de  Physiol,  norm,  et  pathol./' 
1895,  122,  138. 
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greatly  augmented  blood-flow  to  the  organ.  If  the  erectile  tissue 
is  cut  or  the  dorsal  vein  is  opened  the  blood-flow  under  usual  con- 
ditions is  a  slow  stream,  but  when  the  nervus  erigens  is  stimulated 
the  outflow  is  veiy  greatly  increased;  according  to  Eckhanl's 
measurements,  eight  to  fifteen  times  more  blood  flows  out  of  the 
organ.  The  act  of  erection  is  therefore  due  essentially  to  a  vat- 
cular  dilatation  of  the  small  arteries  whereby  the  cavernous  spaoee 
become  filled  with  blood  imder  considerable  pressure.  The  cave^ 
nauB  tissues  are  distended  to  the  limits  permitted  by  their  tough, 
fibrous  wall.  It  seems  probable  that  the  turgidity  or  rigidity  of 
the  congested  organ  is  completed  by  a  partial  occlusion  of  the 
venous  outflow,  which  is  effected  by  a  compression  of  the  efferent 
vein  by  means  of  the  extrinsic  muscles  (ischio  and  bulbocavenioeuB) 
and  possibly  by  the  intrinsic  musculature  as  well.  This  compres- 
sion does  not  occlude  the  blood-flow  completely,  but  serves  to  in- 
crease greatly  the  venous  pressure.  This  explanation  of  the  act  of 
erection,  while  no  doubt  correct,  bo  far  as  it  goes,  leaves  undeter- 
mined the  means  by  which  the  dilatation  of  the  small  arteries  is 
produced.  Vasodilator  nerve  fibers  in  general  are  assumed  to  pro- 
duce a  dilatation  by  inhibiting  the  peripheral  tonicity  of  the 
arterial  walls.  If  this  explanation  is  applied  to  the  case  under 
consideration  it  forces  us  to  believe  that  throughout  life,  except 
for  the  very  occasional  acts  of  erection,  the  arteries  in  the  p^ 
are  kept  in  a  constant  condition  of  active  tone.  Moreover,  on  this 
view  we  should  expect  that  section  of  the  vasoconstrictor  fibers  to 
the  penis,  by  abolishing  the  tone  of  the  arteries,  would  also  cau« 
orection.  These  constrictor  fibers  arise  from  the  second  to  fifth 
lumbar  spinal  nerves,  and  reach  the  organ  by  way  of  the  hypo- 
gastric nerve  and  plexus  and  the  pudic  nerve.  No  such  result  of 
their  section  is  reported  and  it  seems  that  in  the  matter  of  erec- 
tion the  actual  mechanism  of  the  great  dilatation  caused  by  the 
nervi  erigentes  still  contains  some  points  that  need  investigation. 

The  Reflex  Apparatus  of  Erection  and  Ejaculation.— The 
dilatation  of  the  arteries  of  the  penis  during  erection  is  normally  a 
reflex  act,  effected  through  a  center  in  the  lumbar  cord.  This  center 
may  be  acted  upon  by  impulses  descending  from  the  brain,  as 
in  the  case  of  erotic  sensations,  or  by  afferent  impulses  arising  in 
some  part  of  the  genital  tract, — ^from  the  testes  themselves,  from 
the  urethra  or  prostate  gland,  and  especially  from  the  glans  penis. 
Mechanical  stimulation  of  the  glans  leads  to  erection,  and  Eckhard 
showed  in  dogs  that  section  of  the  pudic  nerve  prevents  this  reflex 
from  occurring,  proving,  therefore,  that  the  sensory  fibers  concerned 
run  in  the  pudic  nerve.  Stimulation  of  these  latter  fibers  leads  also 
to  erotic  sensations  and  eventually  to  the  completion  of  the  sexual 
orgasm.    This  latter  act  brings  about  the  forcible  ejection  of  the 
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sperm  through  the  urethra.  It  is  initiated  by  contractions  of  the 
musculature  of  the  vasa  deferentia,  ejaculator}'  duct,  the  semiiial 
vesicles,  and  tlie  prostat-e  gland,  which  force  the  spermatozoa,  to- 
gether with  the  secretions  of  the  vesicles  and  prostate  gland,  into 
the  urethra,  whence  they  are  ex|>eiled  in  the  cuhninating  stage  of 
the  orgasm  by  the  rhythmical  contractions  of  the  ischiocavemosus 
and  buUK>cavemosu8  muscles,  together  with  the  constrictor  urethrje. 
The  immediate  center  for  this  complex  reflex  is  assumed  to  lie  in 
the  iumlmr  cord,  since,  according  to  the  experiments  of  Golti, 
mechanical  stimulation  of  the  glans  in  dogs  causes  erection  and 
seminal  emission  after  the  hmihar  cord  is  severed  from  the  rest  of 
the  central  nervous  system.  Under  ordinar>'  conditions  the  act  is 
accompanied  by  strong  psychical  reactions  which  indicate  that 
the  cortical  region  of  the  cerebrum  is  involved.  It  is  interesting  in 
this  connection  to  find  that  electrical  stimulation  of  a  definite  re- 
gion in  the  cortex*  of  dogs  may  cause  erection  and  ejaculation. 

*  Puaeep,   quoted   from   Ileniuum'tf  "  J&liresbericht    der    Pbysiolugie/' 
voL  xi,  1903. 


CHAPTER  LIV. 

HEREDITY-DETERraNATION  OF  SEX-GROWTH  AND 

SENESCENCE. 

Heredity. — The  development  of  the  fertilized  ovum  ofifcrs  two 
general  phenomena  for  consideration:  First,  the  mere  fact  of  mul- 
tiplication by  which  an  infinite  number  of  cells  are  produced  by 
successive  cell-divisions;  second,  the  fact  that  these  cells  become 
differentiated  in  structure  in  an  orderly  and  determinate  way  so  as 
to  form  an  organism  of  definite  structure  like  those  which  gave 
origin  to  the  ovum  and  the  spermatozoon.  In  other  words,  the 
fertilized  ovum  possesses  a  property  which,  for  want  of  a  betta 
term,  we  may  designate  as  a  form-building  power.  The  ONiim 
develops  true  to  its  species,  or,  indeed,  more  or  less  strictly  in  accord- 
ance with  the  peculiarities  of  structure  characteristic  of  its  parents. 
The  object  of  a  complete  theory  of  heredity  is  to  ascertain  the  me- 
chanical causes — that  is,  the  physicochemical  properties-^refii- 
dent  in  the  fertilized  ovum  which  impel  it  to  follow  in  each  case  & 
definite  line  of  development.  The  discussions  upon  this  point  have 
centered  around  two  fundamentally  different  conceptions  designated 
as  evolution  and  epigenesis. 

Evolution  and  Epigenesis. — ^The  earlier  embryologists  found  a 
superficial  explanation  of  this  problem  in  the  view  that  in  the  genn 
cells  there  exists  a  miniature  animal  already  preformed,  and  that 
its  development  under  the  influence  of  fertilization  consists  in  a 
process  of  growth  by  means  of  which  the  minute  organism  is 
unfolded,  as  it  were.  The  process  of  development  is  a  process  of 
evolution  of  a  pre-existing  structure.  Inasmuch  as  countless  in- 
dividuals develop  in  successive  generations,  it  was  assumed  also 
that  in  the  germ  cell  there  are  included  countless  miniature  organ- 
isms,— one  incased,  as  it  were,  in  the  other.  Some  of  the  embr>- 
ologists  of  that  period  conceived  that  the  undeveloped  embrj'os  are 
contained  in  the  ovum, — the  ovists, — ^while  others  believed  that 
tiiey  are  present  in  the  spermatozoon,  the  animalculists.  Other 
embrj'ologists  pointed  out  that  the  fertilized  egg  shows  no  indication 
of  a  preformed  structure,  and  therefore  concluded  that  development 
starts  from  an  essentially  structureless  cell,  and  consists  in  the 
Ruccessive  formation  and  addition  of  new  parts  which  do  not  pre- 
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exist  as  such  in  the  fertilized  egg.  This  view  in  contradistinction 
to  the  evolution  theory  was  designated  as  epigenesis.  Microscopi- 
cal investigation  has  demonstrated  beyond  all  doubt  that  the  fer- 
tilized ovum  is  a  simple  eetl  devoid  of  any  parts  or  organs  resem- 
bling those  of  the  adult,  and  the  evolution  theor>'  in  it-s  crude  form 
has  been  entirely  disproved.  Nevertheless  the  controversy  be- 
tween the  evolutionists  and  epigene.sist^  still  exists  in  modified 
form.  For  it  is  evident  that  in  the  fertilizeil  ovum  there  may  exist 
preformed  mechanisms  or  complexes  of  molecules  which,  while  in  no 
way  resembling  anatomically  the  subsequently  develoj)ed  part-s  of 
the  organism,  nevertheless  are  the  foimdation  stones,  to  use  a  figure 
of  speech,  upon  which  the  character  of  the  atlult  structure  ilepends. 
Such  a  view  in  one  form  or  another  is  probably  held  by  most  bi~ 
ologists,  since  it  avoids  the  well-nigh  inconceivable  difficulties  of- 
fered by  a  completely  epigenetic  theor>'.  If  the  fertilized  ovum 
of  one  animal  is  in  the  beginning  substantially  similar  to  that  of 
any  other  aninm!  the  epigenesist  must  ascertain  what  comljination 
of  conditions  during  the  process  of  development  causes  the  egg, 
in  a  dog,  for  instance,  to  develop  always  into  a  dog,  and  moreover 
into  a  certain  species  of  dog  resembling  more  or  less  exactly  the 
parent  organisms,  The  infinite  diffiruUies  encountered  by  such  a 
point  of  view  are  apparent  at  once.  In  this,  us  in  otiror  simihir  prol>- 
lems,  experimental  work  is  gradually  accumulating  facts  which 
throw  some  light  upon  the  matter  and  may  eventually  lead  us  to  the 
right  explanation.  It  has  been  made  highly  probable  that  the  chro- 
matin material  in  the  nuclei  of  the  germ  cells,  the  chromosomes, 
constitute  the  physical  basis  of  herpditar>'  transmission  of  racial 
characteristics.  In  the  fcrtiliKcd  egg,  it  will  Ix'  remeudMTcd,  half 
of  the  chromosomes  come  from  the  mother  and  half  from  the 
father,  and  there  is  (fofxi  reason  for  believing  that  the  matcrntd 
chromosomes  are  thf  Unirfrs  of  the  nuitemal  characteristics,  and 
the  chromosomes  derived  from  the  sjKTniatozfMin  conv(\v  the 
hereditary  traits  of  the  father.  It  iiuist  nut  be  understood  from 
this  statement  that  the  characteristics  of  the  parent  are  directly 
transmitted  or  handed  over  to  the  reproductive  cells.  On  the 
contrary,  the  ova  of  the  mother  are  cells  lineally  desi'cntle<l  from 
the  ovum  that  gave  rise  to  her  as  an  individual,  and  the  struc- 
tures or  determiners  in  the  chromosomes  of  the  ova  are  not  ilerived 
from  the  lK>dy  of  the  mother,  but  arc  transmitted  from  the  original 
ovum.  By  this  means  there  is  constituted  a  physical  continuity 
of  the  germinal  material  from  generation  to  generation.  The 
hereditary  characteristics  contained  in  the  structure  of  the  germ 
cells  are  racial — they  Ijelong  to  the  stock  and  are  not  created  anew 
in  each  generation.  The  spennatozoon,  so  far  as  it  enters  into  the 
structure  of  the  fertilized  ovum,  consists  only  of  chromatin  material 
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or  chromosomes  conveying  the  carriers  or  determiners  of  heredi- 
tary traits  belonging  to  the  parental  stock  of  germ  plasm.  The 
ovum  contains  chromosomes  that  in  the  same  way  add  hereditary 
characteristics  from  the  maternal  strain  of  germ  plasm.  When 
these  two  cells  unite  a  new  individual  is  begun,  and  his  hereditary 
traits  are,  so  to  speak,  defined,  and  they  constitute  a  mixture  from 
two  strains,  but  a  mixture  the  composition  of  which  may  be  in- 
finitely varied.  Modem  biologists  insist  that  the  cytoplasm  of  the 
ovum  also  conveys  certain  general  hereditary  characteristics  of 
a  fundmental  kind,  such  as  the  polarity  and  symmetry  of  the  future 
organism  and  possibly  also  its  pattern  or  the  relative  position  of 
future  organs.  Such  a  view,  it  will  be  noticed,  implies  at  once 
preformed  structures  in  the  gametes  and  constitutes  one  form  of 
an  evolutionary  hypothesis.  This  view  is  further  supported  by 
the  interesting  experiments  of  Wilson.* 

This  author  has  shown  that  in  certain  moUusks  (Dentalium  or 
Patella),  if  a  portion  of  the  egg  is  cut  off,  the  remaining  portion  upon 
fertilization  develops  into  a  defective  animal  that  is  not  a  whole 
embryo,  but  rather  a  piece  or  fragment  of  an  embryo.  Or  if  the 
fertilized  egg  after  its  first  segmentation  is  separated  artificially 
into  two  independent  cells,  each  develops  an  embryo,  but  neither 
one  is  completely  formed — each  is  lacking  in  certain  structures  and 
the  two  must  be  taken  together  to  constitute  an  entirely  normal  ani- 
mal. By  experiments  of  this  kind  it  has  been  shown  that  certain  def- 
inite portions  of  the  egg  are  responsible  for  the  formation  of  partic- 
ular organs  in  the  adult.  If  these  portions  of  the  egg  are  removed 
the  organs  in  question  are  not  developed.  Many  interesting  gen- 
eral theories  of  heredity  have  been  proposed  by  Darwin,  Nageli, 
VVeissmann,  Mendel,  Galton,  Brooks,  and  others.  It  is  impossible 
to  give  iiore  an  outline  of  all  these  theories,  but  a  word  may  he 
said  regarding  the  work  of  de  \'ries  and  Mendel,  which  ha\'e  given 
rise  recently  to  so  much  discussion.  For  fuller  information  the 
readier  is  referred  to  special  treatises  on  the  subject.f  According 
to  the  well-known  views  of  Darwin  in  regard  to  the  action  of 
natural  selection  it  was  assumed  that  new  varieties  and  species 
are  formed  by  tlie  cumulative  action  of  selection  upon  small 
fluct uat ing  variat i( )ns.  By  t  his  cumulat i ve  selection  cert ain 
variations  are  preserved  anil  strengthened  until  they  are  suffi- 
ciently niarkeii  to  constitute  a  specific  difference,  the  pn>ces3 
requiring  naturally  a  long  period  of  time.  In  contrast  with  this 
view  de  X'ries  ha;5  suggestetl  what  is  commonly  known  as  the 
theory  of  nuitations.     According  to  this  view  the  variability  in 

*  \Vilst>n,  "S4*ionoo."  Kobruar>'  24,  1905.  for  a  popular  disou*^ion:  also 
**Joumal  of  H\|HTinuMitHl  Zo<>Io|?>'."  1,  1  Mwi  197.  1904.  and  2.  371.  1905. 

+  Hertwig.  "The  Biological  l*roblems  t»f  To-day":  DeUge,  "L'herWit^ 
et  Ipfi  grand:*  problt^nwv  do  la  biotogio  gonoralc,"  1903;  Thomson,  "Heredity." 
19^)S;  Conkliu,  "Heretlity  and  Environment,"  1914. 
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the  gprm  plasm  is  such  that  it  m:iy  at  times  give  rise  not  to  flin*tu- 
ating  variations,  but  to  niurked  aiid  permanent  variations,  ami 
these  latter,  If  advantim:eouH  to  the  luiimal,  are  preflorvecl  by 
natural  selection.  Such  permanent  variatums  are  known  aa 
mutations  or  **sporta/*  and  iii  consequence  of  their  foriiuition 
and  preservation  the  process  of  evolution  may  prot*ee<I  much 
more  rapidly  than  wils  assume<l  to  be  the  e^Lse  in  the  origintd 
form  of  Darwin's  hypothesis.  The  contribution  made  to  our 
imderstanding  of  iieredity  by  the  work  of  Meiuld  and  tlmse  wlio 
have  U3etl  his  conceptions  is  most  si^uficant.  By  the  Mendelian 
law  or  Mendelian  inlieritanre  Ls  meant  in  the  first  place  the  general 
idea  tliat  eharacteristies  [i angled  down  by  inheritance  from  parents 
to  offsprinK  may  be  treated  as  separate  units.  It  is  implied  in  this 
view  that  these  unit  characters  are  conveyed  by  liefinite  substances 
or  structures  in  the  germ  plasm  which,  for  convenience,  have  been 
designated  as  "detenniners"  or  "unit--f actors."  Their  nature 
is,  of  course,  unknown.  In  some  cases  parental  characteris- 
tics may  apparently  blend  in  the  children,  as,  for  example,  in  the 
case  of  color,  the  mulatto  being  in  this  regard  a  blend  of  a  white 
and  a  black  parent.  In  niosl  causes,  however,  there  is  no  blend- 
ing, but  an  alternation  of  one  or  the  other  of  a  pair  of  contrasting 
characteristics.  As  regards  such  a  pair  of  alternating  character- 
istics Mendel  found  that  one  will  be  dominant,  the  other  recessive, 
whenever  they  are  brought  together.  That  is  to  say,  if  each  parent 
possesses  one  of  such  alternating  characteristics,  brown  eyes  and 
blue  eyes,  for.  exam  pie,  the  children  will  all  show  the  dominant 
characteristic,  in  this  case  brown  eyes,  but  the  other  characteristic 
will  be  present  in  a  recessive  or  concealed  form.  In  the  hylirids 
possessing  both  characteristics  the  germ  cells  are  so  divided  that 
half  of  them  possess  the  dominant  alone  and  half  the  recessive 
alone.  This  constitutes  the  law  of  the  "purity  of  the  germ  cells" 
or  of  the  ''segregation  of  the  gametes."  If  two  such  hybrids  breed 
together  it  follows  from  the  law  of  probabilities  that  in  the  offspring 
three  out  of  four  will  show  the  dominant  characteristic  and  one  the 
recessive  charact-eristic.  Moretjver,  of  those  that  show  the  domi- 
nant characteristic  two  will  be  h3'brids,  containing  also  the  recees- 
ive,  but  one  will  be  a  pure  dominant.  This  result  may  be  under- 
stood from  the  following  formula,  in  which  D  and  R  represent 
respectively  the  doiiiinant  and  the  recessive : 

D— R 

I      1  =  1  DD,  2D(R)and  I  RR. 

D— R 


If  two  pure  recessivee  or  two  pure  dominants  breed  together^  only 
a  recessive  or  a  dominant,  as  the  case  may  l>e,  will  be  exhibited 
in  the  offspring,   and  in  this  way  pure  chara<;teristic*  may  be 
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selected  and  established.  Such  a  process  of  selection  is  simple  In 
the  ra-sp  of  the  recessive  characteristics,  but  in  the  case  of  the 
dominant  it  is,  of  course,  more  difficult  to  distinguish  between  the 
DD  luid  the  D(R).  The  distinction  may  be  made  by  breeding 
with  an  animal  showing  the  recessive.  If  the  dominant  is  pure, 
all  ii(  the  offspring  will  exhibit  the  {lominant  characteristics.  If, 
on  tlie  coutrnry.  it  is  a  hybrid,  tlie  offspring  will  be  half  dominant 
and  half  recessive,  according  to  the  formula: 


D— R 
R— R 


DR.  RR,  RR. 


The  many  attempts  to  \'erify  this  law  in  breeding  have  shown  that 
it  expresses  probably  a  great  tiutli,  althou^fi  tlie  a|>plicalic)n  of  it 
to  the  practical  purposes  of  breeding  is  beset  with  many  compli- 
cations. The  newer  exiHTimental  work  in  heredity  has  emphasised 
the  importance  of  breeding  experiments  made  with  what  are  known 
BB  **  pure  lines/'  that  is  to  say,  with  those  plants  or  animals  which 
are  capable  of  propagation  without  cross  fertilization.*  These 
experiments  have  tended  to  prove  that  the  characteristics  of 
each  race  or  species  are  inherent  in  its  germ  plasm  and  will  breed 
true  if  not  fertilizetl  or  mixed  with  germ  plasm  from  another 
individual  of  riifTerent  origin.  When  there  is  cross  fertilization,  the 
offspring  arc  hybrids  which  exliihit  some  of  the  characteristics  of 
each  parent.  According  to  the  Mendelian  law,  tlie  unit  factors 
convening  these  characteristics  are  sorted  out  or  segregated  in  the 
reproductive  cells  of  the  parents.  If  a  cross  fertilization  is  ctTected. 
for  example,  between  a  white  and  a  crimson  fiower  of  the  same  spe- 
cies the  offspring  show  an  intermediate  pink  color.  The  fusion  of 
characteristics  is,  however,  only  apparent,  for  in  the  reproductive 
cells  of  the  pink  liybrids  tiie  factors  conveying  the  white  and  crim- 
son characters  will  again  be  sep^irateil.  That  is  to  say.  one-half 
of  the  reproductive  cells  will  have  the  factor  for  white  and  one-half 
the  factor  for  crimson.  Two  pink  hylmds  bred  together  will 
produce  offspring  whose  color  characteristics  may  be  predicted, 
according  to  the  Mendelian  principle,  iis  follows: 


4 


Pink  Hvbrid 


Pink  Hybrid 

wc 

Pollen    W  C  W  C    Ovul« 

12  3  4 

Coinbination  1  arnl  3  will  give  a  i)urc  white. 
Combination  1  and  4  will  give  a  hybrid  pink. 
Combination  2  and  3  will  give  a  hybrid  pink. 
Combination  '2  and  4  will  give  a  pure  rnniaon. 

•  For  ft  K<'""'rf»l  presentation  see  "American  Naturalifll,"  FebniAry  Aftd ' 
March,  lUU,  Jetminga  and  othere. 


DETERMINATION    OF   SEX.  QQQ 

The  results  ohtainod  from  tTossing  hybrids  Ls  not  always  as  simple 
as  is  indicated  in  this  schema,  wince  so-called  characteristics  may 
be  dependent  not  upon  a  single  but  upon  several  faeUjrs.  In 
general,  however,  the  Mendelian  principles  of  the  existence  of  unit 
characters  and  segregation  of  tlicse  characters  in  the  germ  cells  are 
accepted.  They  throw  some  Hght  uiM>n  what  was  before  n  very 
mysterious  process.  The  jxjint  of  view  suggested  by  these  principles 
leads  us  to  lay  great  stress,  in  the  matter  of  breeding,  upon  the  im- 
portance of  tlie  characteristics  of  the  racial  strains,  and  to  value 
lesss  than  formerly  the  importance  of  characteristics  acquired  during 
the  life  of  the  individual  parent,  or,  expressed  in  another  way,  the 
modem  tendency  is  to  believe  that  "nature  counts  for  more  than 
nurture."  As  a  matter  of  fact  in  the  development  of  an  intli vidua! 
lK)th  nature  and  nurture  play  important  parts;  nature,  that  is  the 
character  of  the  stocky  determines  the  jxjtential  possibilities  in  the 
fertilizoil  oviinij  while  nurture,  or  the  character  of  the  environment, 
is  influential  in  exciting  or  repressing  the  development  of  these 
possibilities-  The  full  comprehension  of  the  fundamental  import- 
ance of  the  heredity  fiictor  is  mainly  res(x>nsible  for  the  modern 
movement  of  eugenics,  which  hopes  to  improve  the  quality  of  the 
race  by  limiting  the  growth  of  poor  stock  in  mankind  and  encour- 
aging the  breeding  from  the  best  stock. 

Determination  of  Sex. — The  conditions  which  lead  to  the 
determination  of  the  sex  of  the  developing  ovum  have  attracteii 
much  investigation  and  speculation.  In  the  absence  of  precise 
dat-a  ver>'  numerous  and  oftentimes  very  peculiar  theories  liave 
been  advanced.*  Such  views  as  the  following  have  l>een  main- 
tained: that  the  sex  is  determined  by  the  ova  alone;  that  it  is 
determined  by  the  spermatozoa  alone;  that  one  side  (right  ovary 
or  testis)  contains  male  elements,  the  other  female; that  the  sex 
is  a  result  of  the  interaction  of  the  ovTjm  and  spermatozoon,  the 
most  virile  element  producing  its  own  se.X;  or  accortling  to  another 
possibility  **the  superior  parent  produces  the  opposite  sex";  that 
the  sex  depends  on  the  time  relation  of  coitus  to  menstruation, 
fertilization  before  menstruation  favoring  male  births,  after  men- 
struation female  births;  that  it  depends  upon  the  nutritive  con- 
ditions of  the  ovum  during  development  or  of  the  maternal  ]]arent; 
that  it  depends  upon  the  relative  ages  of  the  parentis;  that  there 
are  preformed  male  an<l  female  ova  and  male  and  female  sper- 
matozoa, etc.  What  we  may  call  the  scientific  study  of  the  problem 
began  with  the  collection  of  statistics  of  births.  Statistics  in  Europe 
of  5,935,000  births  indicate  that   10{>  male  children  arc  bom  to 

•  For  Bcc*>unta  of  the  various  theorie-s  and  dtscussion,  hoc  Mornau,  "He- 
fpdity  and  Sex,"  1913;  WiLson,  "Procee(Jinj?s  of  the  Koy.  8oc.."  B,  H8.  1914 
(Cruonian  Lecture);  Lenfaoasckj  "Daa  Problem  der  geschlecbtAbestimmendeo 
Uniachtfn/*  1903. 
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JOG  female,  and  the  data  from  other  countries  show  the  sai^ 
faet  of  an  exeess  of  male  children.  Owing  to  the  greater  death-rate 
of  the  male,  the  proportion  of  male  to  female  in  the  adult  population 
of  Europe  is  as  lOOO  to  1024.  Examination  of  these  statistics  with 
reference  to  determining  conditions  led  to  the  formulation  of  the  so- 
cailet]  Hofaeker-Sadler  law  or  laws,  which  may  l>e  stated  as  followis: 
(1)  When  the  man  is  older  tlian  the  woman  the  ratio  of  male 
hirths  is  inereased  ^13  to  100).  (2)  AA'hen  the  parents  ai'e 
of  equal  age  the  ratio  of  female  births  is  increased  (93.5  males  to 
100  females).  (3)  When  the  woman  is  older  the  ratio  of  female 
births  is  still  further  inf!re.aaed  (88.2  to  100).  These  laws  have 
been  corrolxtrated  b}'  some  statisticians  and  contradicted  or  modi- 
fied by  others.  Floss  attempteil  to  show  that  [xior  nutritive  con- 
ditions affecting  the  parents,  especially  the  mother,  favor  the 
birth  of  boys.  Busing  combined  these  results  in  a  sort  of  genera] 
compensatory  law  of  nature^  according  to  which  a  deficiency  in 
either  sex  leads,  by  a  process  of  natural  selection,  to  an  increase 
in  the  births  of  the  opposite  sex.  Thus,  when  males  are  few  in 
number, — as  the  result,  for  instance,  of  wars, — females  marry 
later  and  more  males  are  produced.  When  males  are  in  excess  early 
marriages  are  the  rule  and  this  condition  favors  an  excess  of  female 
births.  However  Lnt-eresting  these  statistics  raaj'  l^e,  it  is  very 
evident  that  they  do  not  touch  the  real  problem  of  the  cause  of  the 
determination  of  sex. 

Modem  work  has  turned  largely  to  observations  and  direct 
experiments  uptin  the  lower  animals,  and  particularly  to  cytolog- 
ical  studies  of  the  reproductive  cells.  The  trend  t)f  this  work  tends 
to  oppose  an  older  view  founded  largely  upon  experiments  on  frogs, 
bees,  and  wasps,  according  to  which  the  sex  is  controlled  or  may  be 
controlled  by  the  conditions  of  nourishment  during  development, 
favorable  conditions  of  nutriment  leading  to  the  development  of 
female  cells  from  the  germinal  epithelium  cif  the  embryo.  On 
the  contrar>%  it  is  now  lielieved  that  while  such  external  conditions 
may  affect  the  sex  ratio,  the  factors  that  actuall>'  determine  sex  are 
internal  and  tlie  sex  of  the  fertilized  ovum  is  fixed  at  the  time  of 
fertilization-  The  view  that  holds  at  present  connects  the  deter- 
mination of  sex  with  the  presence  or  absence  of  an  accessory 
chromosome,  the  j-chromosonus  in  the  matured  spermato£o5n. 
In  many  animals  the  s^x^nnatocyte,  like  the  other  cells  of  the  male, 
contains  an  odd  number  of  chromosomes.  In  man,  for  example, 
the  number  is  given  as  47.  When  synapsis  of  these  chromosomee 
occurs  in  the  process  of  mattiration,  23  pairs  arc  formed  and  one 
odd  one,  the  j-chromosome.  At  the  reduction  division  to  form  the 
spermatozoa  these  pairs  separate,  one  going  to  each  daughter-cell, 
but  the  XH^hromosome  being  unpaired  goes  to  one  only  of  the 


I 
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daught^r-celLs.  As  a  consequence  two  kinds  of  spermatozoa  are 
formed  in  equal  numt)ers,  one  kind  possessinjs  the  jr-cliromosome, 
and  the  other  without  this  element.  In  the  ova,  on  the  contrar>% 
there  is  an  even  number  of  ehroinosoine.s^  the  ar-ehromosoincs  are 
paired  like  the  others  and  the  matured  ova  all  have,  therefore,  an 
x-chroraosome.  Much  evidence  has  been  brought  forward  to  show 
that  when  a  spermatozoon  cimtaining  an  x-chromosonie  fertilizes 
an  ovum  a  female  results,  while  an  ovum  fertilized  by  a  sperma- 
tozoon without  an  x-ehromosome  yields  a  male.  This  result  is  ex- 
pressed in  the  following;  diagram  in  which  the  presence  of  an 
x-chromosome  is  represented  by  an  x. 


Mal«. 


Female. 


Matured  spertnttoioa. 


Matured  ova. 


Fit  307. 


The  combinations  1,  3  and  1,  4  give  rise  to  females,  and  the 
combinations  2,  3  and  2,  4  give  rise  to  females.  It  is  said  that 
in  some  animals  (aphids)  only  the  spermatozoa  containing  an 
x-chromosome  mature,  and  as  a  result  all  the  progeny  from  sexual 
union  are  females.  In  some  eases  the  male  gamete  has  two 
x-ehromosomes,  but  of  unequal  size,  the  larger  one  U'lng  then 
designate*!  as  the  x-ehroniowome  and  the  smaller  one  as  the 
y-chromosomes.  In  the  union  with  the  ova  the  spermatozoa  with 
y-chromosomes  produce  males;  the  others^  females. 

We  owe  the  establishment  of  this  imi>ortant  generalization 
largely  to  American  investigators  (McClung,  Wilson,  Stevens). 
It  enables  us  to  treat  sex  aa  a  Mendelian  characteristic  trans- 
mitte<l  by  certain  hereditary  units  or  determiners.  When  two 
of  these  are  united  in  a  fertilized  ovum  a  female  results,  while  a 
single  one  gives  rise  to  a  male.  From  this  point  of  view  it  has 
been  pix^sible  to  construct  satisfactory  schemata  Xo  explain  the 
many  known  instances  of  sex-linked  inheritance,  such  as  hemo- 
philia nnd  color-blindness  in  man. 

Growth  and  Senescence. — The  body  increases  rapidly  after 
birth  in  size  and  weight.  It  is  the  popular  idea  that  the  rate  of 
growth  incrciises  up  to  maturity  and  then  declines  as  old  age  ad- 
vances.   As  a  matter  of  fact^  careful  examination  of  the  facts  shows 
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that  the  rate  of  growth  decreases  from  birth  to  old  age,  althoiigh  not 
uniformly.  At  the  pubertal  period  and  at  other  times  its  downward 
tendency  may  be  arrested  for  a  time.  But,  speaking  generally,  the 
mft-Yinmim  rate  of  growth  is  reached  some  time  during  the  intra- 
uterine period,  and  after  birth  the  curve  falls  steadily.  Senescence 
has  begun  to  appear  at  the  time  we  are  bom.*  Thus,  according  to 
the  statistics  of  Quetelet,  the  average  male  child  wdghs  at  birth  6} 
poimds.  At  the  end  of  the  first  year  it  wei^is  18}  poimds,  a  gidn  of 
12  pounds.  At  the  end  of  the  second  year  it  weighs  23  pounds,  a 
gain  of  only  4}  poimds,  and  so  on,  the  rate  of  increase  falling  rap- 
idly with  advancing  years.  Jacksonf  has  published  an  interesting 
series  of  observations  upon  the  relative  and  absolute  growth  of 
the  human  fetus  and  its  different  organs  during  the  intra-uterine 
period.  Relative  growth  is  defined  as  the  "ratio  of  the  gain 
during  a  given  period  to  the  weight  at  the  beginning  of  the  period." 
From  this  standpoint  he  finds  that  the  maximum  rate  of  growth 
occurs  during  the  first  month  of  fetal  life.  As  determined  by 
the  volume  of  the  fetus  the  ovum  increases  more  than  10,000 
times  in  size  during  this  period.  In  the  succeeding  months  of 
intra-uterine  life  the  relative  monthly  growth  rate  may  be  expressed 
by  the  figures  74,  11, 1.75,  .82,  .67,  .50,  .47,  .45.  During  this  period 
the  absolute  weight  is,  of  course,  increasing  rapidly,  and  according 
to  Jackson's  observations  the  total  weight  of  the  embryo  may  be 

(Afife  ^davs^\4 
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Friedenthalt  gives  the  following  figures  for  the  growth  of  the 
fetus,  including  the  membranes  and  placenta: 


Age  in 

Weight  in 

GU8. 

Absolute  Inciiba8e 

Percentage  In- 

Days. 

PER   DAT    (Gmb). 

CREAftR  PER  DaT. 

0 

0.000004 

8 

0.03 

0.0037 

90,000 

17 

0.86 

0.092 

307 

20 

1.4 

0.18 

16 

26 

2.0 

0.1 

6 

35 

2.9 

0.1 

4.5 

40 

19.0 

3.2 

29 

60 

220.0 

10.0 

8.4 

100 

800.0 

14.5 

3.0 

120 

1200.0 

20.0 

2.0 

196 

2800.0 

21.0 

1.1 

250 

3800.0 

19.0 

0.6 

280 

4500.0 

23.0 

0.5 

The  statistics  of  extra-uterine  growth  have  been  collected  and 
tabulated  with  great  care  by  a  number  of  observers;  for  this 

*  See  Minot,  ''Journal  of  PhysioloRy/'  12,  97. 

t  Jackson,  *'The  American  Journal  of  Anatomy,"  9,  119,  1909. 

t  Friedenthal,  "Physiologic  d.  MenschenwachstumB,"  1914. 


country  especially  by  Bowditch,  Porter,  and  Beyer.*  An  inter- 
J€stiag:  feature  of  the  records  collected  by  Bowditch  ia  the  proof 
^at  the  prepubertal  acceleration  of  growth  comes  earlier  in  girls 
5than  in  hoys,  so  that  between  the  ages  of  twelve  and  fifteen 
iiiw  average  ^i^irl  is  heavier  and  taller  than  the  lioy.  I^ater,  the  boy's 
[growth  is  accelerated  and  his  stature  and  weight  increase  beyond 
tthat  of  the  girl.  Robert^sont  has  accumulated  sorae  facts  which 
Dndieate  that  the  growth  of  the  individual  doen  not  proceed  with 
a  unifonnly  accelerated  or  a  uniformly  retarded  velocity,  hut 
rather  in  cycles,  each  of  which,  expressed  graphically,  takes  the 
(form  of  an  S-shaped  curve.  He  believes  that  there  are  three, 
{possibly  four,  of  these  curves.  The  first  begins  with  the  implanta- 
[tion  of  the  ovum  and  terminates  about  a  year  after  birlh.     From 

Enervations  made  on  the  weights  of  infants  born  before  and  after 
normal  period  he  conclude-s  that  the  increments  of  weight  in 
h  case  follow  the  same  curve.  An  infant  lx)ni  after  the  normal 
period  has  iiicre^isi'd  in  weight  while  in  the  uterus  as  it  would 
have  grown  in  the  same  |K^riod  of  extra-uterine  life.  The  second 
jCyele  starts  toward  the  close  of  the  first  year,  reaches  its  maximum 
mt  five  and  one-half  years,  and  then  falls  off.  The  third  cycle 
{begins  at  the  end  of  the  stvond,  reaches  its  maximum  at  puberty, 
and  terminates  at  adult  life.  The  signs  of  old  age  may  be  de- 
tected in  other  ways  than  by  obsen'ations  upon  the  rate  of  growth. 
Changes  take  place  in  the  composition  of  the  tissues;  these  changes, 
at  first  scarcely  noticeable,  become  grailually  more  obvious  as  old 
age  advances.  The  bones  become  more  brittle  from  an  increase  in 
their  inorganic  salts,  the  cartilages  Ijecome  more  rigid  and  calca- 
reous, the  crystalline  lens  gradually  loses  its  elasticity;  the  muscles 
lose  their  vigor,  the  hairs  their  pigment,  the  nuclei  of  the  nerve 
cells  become  smaller,  and  so  on.  In  every  way  there  is  increasing 
evidence,  aa  the  years  grow,  that  the  metaljoUsm  tjf  the  living  mat- 
ter of  the  body  l>ecomes  less  and  less  perfect;  the  power  of  the 
protoplasm  itself  becomes  more  and  more  limited,  and  we  may 
suppose  would  eventually  fail,  bringing  about  what  might  l>e  called 
a  natural  death.  As  a  matter  of  fact,  death  of  the  organism  asually 
results  from  the  failure  of  some  one  of  its  many  complex  mechanisms, 
while  the  majority  of  tlie  tissues  are  still  able  to  maintain  their  exis- 
tence if  supplied  with  proper  conditions  of  nourishment.  The  phys- 
iological evidences  of  an  increasing  senescence  warrant  the  view, 
however,  that  death  is  a  necessary  result  of  the  properties  of  living 
matter  in  all  the  tissues  except  possibly  the  reproductive  elements. 

•.See  Bowditrh.  "Report  of  Sfntc  Board  of  Hpiilth  of  Mn-ssachufli»Uj>,** 
1877,  1879,  and  1891;  Porter,  "TranflactionH,  Acailrmy  of  Scipncc,"  St.  Louis, 
189^-94;  Beyer,  "Proceedings  of  United  States  Naval  Institute/'  21,  297, 
1805. 

t  Robertaon,  "American  Jounial  of  Physiology',"  37,  1,  1915. 
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The  course  of  metabolism  is  such  that  it  is  self-limited*  and  even 
if  perfect  conditions  were  supplied  natural  death  would  eventually 
result.  As  a  rule,  however,  death  is,  so  to  speak,  accident* 
rather  than  naturaL  This  point  of  view  was  emphasized  by  Rayl 
Liiukester  in  the  distinction  which  he  drew  between  spe<'ific| 
longevity  and  pc^tential  longevity.  By  specific  longevity  he  dej*-| 
ignated  the  expectation  of  life  at  birth  -of  a  normal  individual, 
this  expectation  being  fletermined  by  the  interaction  of  two  fac 
tors — namely,  the  innate  constitutional  properties  of  the  proto-' 
plasm  and  adverse  environmental  conditions.  By  potential  lon- 
gevity is  meant  the  duration  of  life  which  might  be  expectedJ 
under  an  ideal  environment.  The  average  specific  longevity,| 
reckoned  from  birth,  is  greatest  in  the  most  civilized  communitie 
antl  reaches  at  present  the  length  of  forty-five  to  fifty  yeara^l 
Quite  probably  the  advances  of  medical  knowledge,  especially  of 
preventive  medicine,  may  continue  to  increa.se  the  average  of  this 
expectation  of  hfe.  What  the  potential  longevity  of  man  would^ 
be  if  protected  from  all  accidents  and  disease  cannot  be  stated^^f 
with  any  certainty,  hut  on  the  ba-sis  of  the  exceptional  cases  of 
longevity  reported  we  may  assume  that  it  would  exceed  one 
hundred  years.  The  most  authentic  of  the  cases  reported  of 
unusual  longevity  is  that  of  Thomas  Parr.  An  account  of  his 
life  and  the  results  of  a  postmortem  examination  by  Harvey 
are  given  in  Volume  III  of  the  'Thilosophical  Transactions  of 
the  Royal  Society  of  London."  '*He  died  aft^er  he  had  out- 
lived nine  princes,  in  the  tenth  year  of  the  tenth  of  them,  at 
the  age  of  one  hundred  and  fifty-two  years  and  nine  months.*' 
The  immediate  cause  of  his  death  was  attributed  to  a  change^ 
of  food  and  air  and  habits  of  fife,  as  he  was  brought  from  Shro|v 
Bhire  to  Txin^lon,  "  where  he  fed  high  and  <  Inmk  plentifully  of  the  best 
wines."*  With  reference  to  the  phenomenon  of  senescense  as  a  neoea- 
sar}^  attribute:)  of  living  matter,  Weissiiiann  has  called  attention  to  the 
fact  that  inasmuch  as  the  species  continues  to  exist  after  the  in- 
dividual dies,  we  must  believe  that  the  protoplasm  of  the  repro- 
ductive elements  is  not  subject  to  natural  death,  but  has  a  self- 
perpetuating  metabolism  which  imder  proper  conditions  makes  it 
immortal.  Weissmannf  designates  the  protoplasm  of  the  germ  cells 
as  germ-plasm,  that  of  the  rest  of  the  body  as  somatoplasm,  and 
inasmuch  as  the  former  continues  to  propagate  itself  indefinitely 
under  proper  conditions,  while  the  latter  has  a  limited  existence,  he 
concludes  that  originally  protoplasm  possessed  the  property  of 
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*  A  picture  of  Parr  painttNl  by  van  E>yck  (1635)  w  exhibited  in  the  Roynl 
Gallcn\  Dresden.  No,  1032. 

t  Weiflanionn,  "Essays  upon  Heredity  and  Kindred  Biolonc&l  ftob- 
lemfi'';  uho  ^*Germ-pliiBm"  in  tiic  "Contemporary  Science  Series. 
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potential  immortality.  That  is,  barring  accidents,  disease,  etc.,  it 
was  capable  of  reproducing  it-self  indefinitely.  He  assumes,  more-, 
over»  that  this  pniperty  is  exhibited  at  present  in  many  of  the  sim- 
pler fonns  of  life,  such  lus  the  anieha.  This  latter  phase  of  his 
theory  has  been  the  suljjet't  of  much  intere>!ting  investigation,*  with 
Bonae  contradictory  results,  hut  it  hns  been  shown  (Woodruff)  that 
a  specimen  of  Paramecium,  isolated  and  kept  in  a  varying  culturt*- 
mediuni  during  three  and  a  half  years,  |>a.ssed  tiirough  2t)00 
divisions  at  an  average  rate  of  tliree  in  every  48  hours,  without  the 
appearance  of  signs  of  senility.  Later  experiments  by  the  same 
author  continuerl  over  five  years  indieateci  that  the  single  cell 
originally  isolated  ''possesstnl  the  potentiality  to  produce  similar 
cells  to  the  number  represented  by  2  raised  to  the  3029tli  |>ower,  or 
a  volume  of  protoplasm  approximately  er^ual  to  10'**"  times 
the  volume  of  the  earth."  Such  a  result  would  indicate  the  essen- 
tial corrertness  of  Weissmann's  view.  One  of  the  most  si^uifieant 
and  definite  c«)ntributions  to  the  subject  of  growth  has  been  made  by 
Rubuerf  upon  the  bjtsis  of  the  energy  fut^tor.  His  estiniutt^s  were 
made  upon  data  collected  for  man  and  the  following  mammalia, 
horse,  cow,  sheep,  pig,  dog,  eat,  rabbit,  and  guinea-pig — and  they 
bring  out  the  surprising  fact  that  hunuui  growth  constitutes  a  type 
of  its  own.  iUifering  greatly  from  that  shown  by  the  other  mammals 
named.  His  eonelusions  are  expressed  in  two  general  laws  wliii'h  are 
founded  upon  calculations  mmie  upon  these  animals  in  the  first 
p>eriod  aftor  birth  during  the  time  necessary  for  doubling  the  weight 
of  the  animal :  First,  the  law  of  constant  energy  consumption.  During 
the  first  period  of  growtli  the  total  amount  of  energy  necessary 
for  maintenance  (metalwlism)  and  growth,  as  expressed  by  the 
heat  value  of  the  food  consumed^  is  the  same  for  all  mammals 
except  man.  To  form  one  kilogram  of  animal  weight  requires 
in  roun*l  numl>ers  4808  Calories  in  food;  while  for  man  aiiout  six 
times  this  ainoimt  is  needed.  Since  the  several  mammals  con- 
sidered retjuii-e  very  different  times  to  double  their  weight,  it 
follows  from  this  law  that  the  shorter  the  time  necessarj'  for  this 
result  the  more  inteuHe  will  be  the  metabolism,  or,  expressed  in 
another  way,  the  rapidity  of  growth  is  proportional  to  the  intensity 
of  the  metabolic  processes.  .Second,  the  law  of  the  constant  growth 
quotient.  In  all  the  mammals  considered,  with  the  exception  of 
man,  the  same  fractional  part  of  the  entire  food  energy  is  utilizeil 
for  growth.  This  fractional  portion  Ls  designated  as  the  "growth- 
quotient,  "  and  it  averages  .'i4  per  cent.,  that  is  to  say,  for  every 

•See  Maupas,  "Archives  dp  zooloRie  exix^rimpntale  et  g(^n(^rale,"  6,  166, 
188S:  Gottp.  'Tpbor  Hen  Tr^prunK  iif^  Todes,"  1SH3:  WocHlriiff.  "American 
Naluraliat,"  \2,  .500;  ulao  "Archiv  f.  Protwtenkunde,"  21,  263,  1911. 

tRubaer,  "Das  Problem  der  Lebenadauer,"  etc.,  Berlin,  1908. 
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1000  calories  of  food  340  calories  are  applied  to  growth.  In  man, 
on  the  contrary,  the  groAvth  quotient  is  only  5  per  cent.  This 
growth  quotient  is  a  specific  property  of  the  cell  and  a  charac- 
teristic of  yout!ifulness.  It  has  its  inuxiinal  value  at  birth,  so 
far  as  extra-uterine  life  is  concerned,  and  then  sinks  slowly,  so 
that  at  maturity,  that  ia,  at  the  enil  of  the  growth  period,  it  becomes 
zero.  Thence  forward  the  energ^v  of  the  food  is  utilized  only  for 
the  maintenance  of  the  cells  and  for  the  work  they  perform,  none 
is  applied  Ui  growth.  Rubner  suggests  that  the  power  to  grow 
pof^seased  by  the  cells  of  the  young  orgiuiism  depends  upon  s<.>nie 
special  mechanisms  of  a  chemical  nature,  that  is.  probably  cert-ain 
special  chemical  complexes  which  are  responsible  for  the  '*  growih 
tendency*'  (Wachstumstrich).  In  connection  with  this  grouih 
energy  or  growth  tendency  it  will  be  remembered  that  in  the 
chapter  on  Internal  Secretion  evidence  was  given  that  in  early  ^ 
infancy  the  thjTiius  forms  apparently  an  internal  secretion  or  ^M 
hormone  which  controls  or  stimulates  the  process  of  gro^vth,  and  ~ 
the  anterior  lobe  of  the  pituitary  gland  alsi.>  forms  an  internal 
secretion  which  has  a  similar  action.  It  will  l)€  noted  also  that 
both  of  these  glands  affect  mainly  the  grouih  of  the  skeleton. 
The  increase  in  size  of  an  animal  is  normally  estimated  largely 
from  the  growth  of  the  skeleton,  and  Aron  has  showTi  in  a  most 
interesting  way  that  the  growth  energy  resides  chiefly  in  this 
tissue.  According  to  this  author^  young  growing  dogs  if  given 
a  diet  insufficient  to  maintain  their  body  weight  will  still  continue 
to  grow,  since  the  skeleton  increases  in  size  at  the  expense  of  the 
other  tissues,  particularly  of  the  muscular  tissues.  The  growth 
tendency  in  the  skeletal  tissue  is  so  strong  that  other  tissues  are 
absorbed  to  furnish  the  necessary  material.  This  marked  gro\i'th 
tendency  of  the  skeleton,  as  we  have  just  said,  is  controlled  or 
stimulated  l>y  secretions  from  the  thymus  and  hypophysis  and 
posisibly  from  other  sources.  The  fact  that  a  tissue  in  which  the 
growth  tcotlency  is  marked  will  live  at  the  expense  of  other 
tissues  finds  an  illustration  in  other  ways,  for  example,  in  the 
development  of  malignant  growths,  such  as  cancer  or  in  the  pn>- 
ceases  of  regeneration  in  the  lower  forms  of  life.  Stoekhard  reports 
that  in  the  medusa,  when  unfed,  a  regenerating  tissue  may  grow 
rapidly  by  feeding  on  the  old  Ixxly  tissues.  It  would  seem  thai 
this  tendency  to  grow  must,  as  Rubner  suggests,  depend  upon 
some  peculiarity  in  the  chemical  structure  of  the  tissue  which 
exhibits  it.  Moreover,  there  is  considerable  evidence  that  for 
growth  to  take  place  certain  specific  building  materials  must  be 
furnished  in  the  diet.  As  stat^'d  on  p.  902,  Osborne  and  Mendel 
have  shown  that  in  growing  rats  certain  proteins  supply  this 
material;  other  proteins  apparently  are  lacking  in  it,  but  may 
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yield  material  adequate  for  maintenance  of  the  status  qiu),  while 
still  others  are  inadequate  either  for  maintenanee  or  j^rowth. 
It  will  l)e  recalled  also  that  it  is  claimed  that  certain  specific 
nitrogenous  substances,  the  so-called  vitaniines,  must  also  be 
furnished  in  the  foo<l  for  special  metabolisms  of  the  body  that  are 
essential  to  life.  It  wouhl  ^ioem  possible  that  scientific  invcstiRa- 
tions  may  eventually  enable  us  to  control  or  even  prolonK  the  period 

I  of  growth  through  diotar}'  treatment. 
After  the  period  of  maturity  has  been  reached  the  question 
arises  whether  the  subsequent  duration  of  life  can  be  foretohl  or 
fonnulated  in  any  definite  way.     The  ohler  naturalists  conceived 
that  the  duration  of  mature  life  mi^ht  represent  a  definite  multiple 

I  of  the  period  of  youth.  According  to  Buffon  this  multiple  is  6  to 
7,  according  to  FUmrens  it  is  5 — that  is,  the  mean  duration  of  Hfe 
is  5  to  7  times  that  required  for  the  completion  of  growth.  The 
data  gathered  in  regard  to  the  average  duration  of  life  among 
different  animals  have  not  borne  out  these  suggestions,  aiul  Ruhner 
discusses  the  matter  again  from  the  energj'  stancltxunt.  He 
estimates  the  riuni]>er  of  calories  of  food  which  are  require<l  for  each 
kilogram  of  body  weight  m  the  different  mammalia  from  the  end 
of  the  period  of  y*uUh  ta  the  end  of  life.  For  man  this  period  is 
estimated  at  sixty  ye;trs  (2t)  to  80).  On  this  basis  he  finds  that 
each  human  kilogram  requires  725  J70  Calories,  while  for  the  other 
manmialia  for  which  data  are  accessible  an  average  of  only  191,600 
Calories  is  required,  and  the  figures  in  the  latter  animals  are  so 
close  as  almost  to  warrant  the  belief  that  the  same  amount  is 
required  by  each  animal  in  spite  of  the  great  variations  in  the 
duration  of  life.  It  follows  from  the^se  figures  that  tfie  human  cpU 
is  characterized,  as  compared  with  that  of  the  other  matnmalia, 
by  its  much  greater  total  capacity  for  <»btatnnig  energ>'  from  the 
foodstuflfs.  This  capacity,  the  property  of  iLSsin illation,  implies 
chemical  changes  and  transformations  in  the  living  matter,  and 
the  fact  that  eventually  this  property  languishes  and  expires,  that 
is.  the  fact  that  there  is  such  a  thing  as  natunU  or  physioUtgical 
death,  means  that  the  somatic  protoplasm  is  capable  of  effecting 
only  a  limited  number  of  such  transformations.  In  man  a  greater 
number  is  possible  than  in  the  other  mammals,  and  among  the 
latter  the  number  is  practicidly  the  same,  but  in  the  smaller 
animals,  with  their  more  intense  metabolism,  the  series  is  com- 
pleted in  a  shorter  time  tlian  in  the  case  of  the  larger  animals. 
Rubner  states,  moreover,  that  if  a  cell,  the  yeast  cell,  for  example, 
by  artificial  means  is  forced  to  live  without  growing  and  multiply- 
ing it  dies  in  a  very  short  time.  In  some  way  the  processes  of 
growth  contain  the  very  source  of  the  maintetiance  (►f  life.  The 
injurious  by-products  which  accompany  simple  metabolism  in  the 
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living  matter  are  in  some  way  obviated  or  neutralized  by  the 
growth  changes.  Rubner  suggests,  somewhat  in  the  line  of  Dar- 
win's theory  of  pangenesis  and  of  Weissmann's  theory  of  the  cause 
of  death  in  the  somatoplasm,  that  the  body-cells  ^ve  off  certain 
molecular  complexes  which  are  necessary  to  the  growth  processes, 
and  these  complexes  are  taken  up  by  the  reproductive  cells.  After 
the  animal  has  reached  the  period  of  puberty,  of  reproductive 
power,  and  provision  is  thus  made  for  the  perpetuation  of  the 
species,  the  individual  organism  is  depleted  of  the  power  of  growth 
and  senescence  and  death  become  inevitable.  There  are  no  actual 
facts  at  present  to  support  such  a  view  and,  indeed,  it  is  at  variance 
with  prevalent  ideas  regarding  the  lack  of  direct  influence  of  the 
somatic  cells  upon  the  germ  cells. 


APPENDIX. 


PROTEINS  AND  THEIR  CLASSIFICATION. 

Definition  and  General  Structure.— Proteins  or  aJhumina  are  complex 
organic  compounds  Cfintainin;?  iiitroeen  which,  although  difTerin^  mucn  in 
their  oonipoeition,  are  related  in  their  projwrties.  They  are  formed  hy 
living  matt4_'r,  iind  4>ccur  in  the  tissues  and  li()uids  o(  plant;*  and  anlmale. 
of  which  they  fonn  the  most  characteristic  constituent.  On  uUiniate  analy- 
aia  they  are  all  found  to  c<jntain  carbon,  hydroKon,  oxygen,  and  nitrogen; 
moBt  of  them  contain  also  Aome  sulphur,  and  Aonie,  in  addition,  phosphorus 
or  iron.  As  usually  obtained,  they  leave  also  some  ash  when  incinerated, 
sbowinf^  that  they  hold  in  combination  some  inorganic  salts.  Percentage 
analyses  of  the  most  common  proteina  of  the  Ixia^'  show  that  the  above 
xuun'ed  constituenta  oociu-  in  the  following  proportions: 

Carbon 50     to  55     per  cent. 

Hydrogen 6.5  to    7.3  **       " 

Nitrogen 15     to  17.6  "      « 

Oxygen 19     to  24      "       " 

Sulphur 0.3  to    2.4   "       " 

The  Hearefit  insight  into  the  structure  of  the  protein  molecule  haa  been 
obtained  by  a  study  of  its  decomposition  prcnlucts.  When  submitted  to  the 
action  of  proteolytic  enzymes,  or  putrefaction,  or  acid  at  high  temperatures, 
the  large  molociues  split  into  a  number  of  simpler  bodies  in  conHcquence  of 
hydrolytic  cleavage.  These  eod-prodlicts  are  very  numertms,  and,  while 
they  oiffer  somew-liat  for  tlic  different  proteins,  yet  a  numl>er  of  thorn  are 
the  same  or  similar  for  all  proteins.  The  great  variety  in  the  end-products  ia 
an  indication  of  the  complexity  of  the  molecule,  while  their  similanty  is  proof 
that  the  various  proteins  are  all  buiit,  so  to  speak,  ujK>n  a  common  plan,  by  the 
union  of  certain  groupings  which  may  be  itmre  numerous  in  one  protein  than 
in  another.  This  fact  Iveromes  evident  from  a  brief  consideration  of  the  prod- 
ucts obtained  by  lij-drolylic  eleavnee  with  acids.  The  groupings  represented 
by  the  following  compounds  may  l>e  Kupi)osed  to  exist  preformed  in  protein 
moleculefl,  some  possjbly  containing  them  all,  some  only  a  jx>rtion  of  the 
list,  while  the  different  groujw  vary  in  their  proportional  amounts  in  the 
variuuij  proteins  (see  p.  793): 

Amifw-acids, 

1.  Glyeocoll  i>r  glyein  (amino-acetie  acid). 

2.  Alanin  (aminopropionic  acid). 

3.  Valin  (amino vulerianie  acid). 

4.  Leucin  (arainoeaproic  acid). 

5.  Isoleurin  (aminocaproic  arid). 

6.  Norlrucin  (aminocaproic  acid). 

7.  Lysin  (diaminocaproic  acid). 

8.  Serin  (oxyaminoprupionic  acid). 

9.  Cystein  (aminothiopropionie  acid). 

10.  Piienylalanin  {phenylaminupriipionic  acid). 

11.  T>To»in  (oxypln*uylaininoproi)i<>nic  acid). 

12.  Tryptophan  (indolaminopropictnir  acid). 

13.  HistiiUn  (imidazolaminopropioitie  acid). 

14.  .\rginin  {guanidimiiiiintiviileriiinie  acid). 

15.  Aspartic  acj<l  (amin4>KUrcinic  acid). 

16.  Glutaminir  ?icid  (imvinogliitaric  arid). 

17.  Prohn  (pyroUidin-curboxylic  acid). 

lb.  O-typrolin  (oxypyrollidiu-carboxylic  acid). 
54  ICMW 
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These  split  products  are  all  amino-acids,  some  of  them  belonging  to  the 
fatty  acid  (aliphatic)  series  of  carbon  compounds,  some  to  the  aromatic 
(carbocyclic)  series,  and  some  to  the  heterocyclic  (pyrrol,  indol)  series.  In 
what  may  be  considered  the  simplest  proteins  occurring  in  nature — namely, 
the  protamins  found  in  the  spermatozoa — only  from  four  to  six  of  these  groups 
occur,"  while  in  some  of  the  more  familiar  proteins,  such  as  serum-alburom 
or  casein,  a  much  larger  number  is  found.  This  fact  is  illustrated  by  the 
following  table,  taken  from  Abderhalden,  which  shows  the  composition  of 
several  proteins  belonging  to  different  classes.  It  will  be  noted  tnat  except 
for  the  salmin  the  known  products  sum  up  to  less  than  100  per  cent.,  showing 
that  there  is  a  large  portion  of  the  molecule  as  yet  imknown. 

Serum       Seruu  Casein.    Sauiin. 
Albumin.  Globulin. 

Glycin 0  3.5  0 

Alanin 2.7  2.2  0.9 

Valin present      1.0  4.3 

Leucin 20.0         18.7  10.5 

Prolin 1.0  2.8  3.1  11.0 

Phenylalamin 3.1  3.8  3.2 

Glutaminic  acid 7.7  8.5  1 1.0 

Aspartic  acid 3.1  2.5  1.2 

Cystin 2.3  0.7  .065 

Serin 0.6  ....         0.23         7.8 

Tyrosin 2.1  2.5  4.5 

Tryptophan present    present      1.5 

Diaminotrioxydodecoic  acid ....         0.75 

Oxyprolin 0.25 

Lysin 5.80 

Ai^inin 4.84       87.4 

Histidin 2.59 

The  a-amino-acids  of  which  these  end-products  consist  all  contain  the 

H 
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grouping  — C — NH„  and  Fischer  has  shown  that  such  bodies  possess  the 

coon 

property  of  combining  with  one  another  to  make  complex  molecules  containing 
two,  three,  or  more  groups  of  amino-acids.  The  combination  takes  place 
with  the  elimination  of  water  formed  by  the  union  of  the  OH  of  the  carboxyl 
(COOH)  group  in  one  acid  and  the  H  of  the  amino  (NHj)  groun  in  another. 
Thus,  two  molecules  of  amino-acetic  acid  (glycocoU)  may  be  made  to  unite  to 
form  a  coni]K)unci,  glyoylglycin,  as  follows: 

NHjCHjCOOH  +  NH5CH5COOH  — H,0  =  NH^CHjCOXHCH^OOH. 

GlycocoU.  GlycocoU.  Glycylglycin. 

Compound-^  of  this  kind  are  designated  by  Fischer  as  peptids.  When  formed 
from  the  union  of  two  amino-acids  they  are  known  as  dipeptids;  from  three, 
as  tripepti(U,  etc.  Tiie  more  complicated  compounds  of  this  sort,  the  poly- 
pcptius,  begin  to  show  reactions  similar  to  those  of  the  proteins.  Some  of 
them  give  tiie  biuret  reaction,  some  are  acted  upon  and  split  by  prot<»olytic 
enzymes.  It  seema  justifiable,  therefore,  to  consider  proteins  as  essontially 
polypeptid  compounds  of  greater  or  less  complexity — that  is,  they  are  acid- 
amids  forme<l  by  the  union  of  a  number  of  a-amino-acid  compounds.  More 
than  a  hundred  of  these  artificial  polypeptids  have  been  thus  synthe^ize^l, 
one  of  the  most  complex,  an  octa-deca  peptid,  consisting  of  eighteen  mon- 
amino  acids,  fifteen  molecules  of  glycin,  and  throe  of  leucin,  with  a  total  molec- 
ular weight  of  V2VI.  This  conception  of  tlie  structure  of  the  protein  molecule 
explains  a  numljor  of  their  general  characteristics — for  instance:  (1)  The 
fact  t  Jiat  tfiey  arc  all  decomposed  and  yield  similar  products  under  the  iniiuence 
of  proteolytic  enzymes  or  boiling  dilute  acid.     (2)  The  fact  that  the  proteins 
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)  alikf?  in  their  ponf  ral  ttrni>prtio«  in  spitp  of  the  ^rejit  differrnce«  in 
the  complexity  of  their  molrculftr  .structure.  (3)  The  fact  that  they  show 
both  ba.t^ic  and  acifl  characters.  1,4)  The  fact  that  they  all  give  the  biuret 
reaction*  (see  below). 

In  a^idiliori  to  the  amino-uctdq  sotip  proteins  — cgp-albunnin,  for  example 
— yielil  a  ciirbohydnite  IxxJy  upon  (.li'i-oaipo-iitiijn.  The  carbohv<Irjile  ob- 
tained is  an  amino-su^r  coraptiunJ,  ixsaally  plucosamin.  ('aH,^v^<)j.  It  is 
detected  by  its  reducinjc  action  and  by  the  foraitition  of  an  osazonp.  It  secnaa 
probable,  therefore,  that  mjine  of  the  proteins  at  least  contain  such  a  group- 
ing as  part  of  the  molecular  complex,  but  at  present  it  is  undetermined  how 
many  possess  thi?  fwculiarity  of  ytnicture. 

General  Reactions  of  the  Proteins.  — It  la  evident  from  what  has  been 
said  in  the  preceilini:  paraj^aph  that  proteins  may  give  difTerent  reactions 
according  t«  the  kind-f  nf  Kroupiniys  contained  in  the  mr»lecule.  The  reac- 
tions common  to  all  proteins  are  few  in  number,  tlie  most  crrtain  p'rliaps 
beixig  tlie  biuret  reaction,  the  hydrolysiH  by  prote<»lytir  enzymes  or  putre- 
factive organisms,  and  ifie  nature  of  the  fiplit  jirodurt-s  forme<l  by  these  latter 
hvdrolyscs  or  by  the  action  of  boiling  rlilute  arids.  A  verj'  larRC  number 
or  reactionn,  however,  have  been  dcHcribeil  which  Itohl  for  stnnf  or  alt  of 
the  prot-eins  usually  found  in  the  tissues  aii<l  limiidai  of  the  body.  These 
reactions  may  be  tle?fcribetl  under  two  heads:  ^1)  Precipitation  of  tlie  protein 
when  in  solution;  <2)  color  reactions. 

/.  Prccipilants. — For  one  or  another  protein  the  following  reagents  caua6 
precipitation: 

1.  The  addition  of  an  exces.s  of  alcohol. 

2.  Boiling  (heut  coagulation). 

3.  The  aadition  of  mineral  acids, — t.  g.^  nitric  acid. 

4.  The  salts  of  the  heavy  metaJs, — e.  r/,,  acetate  of  lead,  copper  sul- 

phate, etc 

5.  Addition  of  neutral  saJts  of  the  alkalies  to  a  greater  or  less  degree 

of  concentration, — (?.  g.,  sodium  chlorid,  amnionjuiri  sulphate. 

6.  Ferrocyunid  of  potas^sium  after  previou.^  uci<lification  by  acetic  acid. 

7.  Taiuiic  acid  after  previous  uciflihtalinu  by  acetic  acid. 

8.  Phosphottingwtic  or  phosphoiiiolybdic  acid  in  the  presence  of  free 

mineral  acid^^. 
9    lodin  in   solution  in   jHJtasHJum  iodid,  after  previous  acidification 
with  a  mineral  acid. 

10.  Picric  acid  in  solutions  acidified  by  organic  acids. 

11.  Trichloracetic  acid. 

This  list  iiii^ht  i/e  extended  still  further,  but  it  comprises  the  precipi- 
tating reageiitrs  that  are  ordinarily  ni«il.  Sxiie  <if  them,  i>artirularly  Noe, 
7,8,  and  ^,  give  reactions  in  solutions  contaiiiing  excessively  minute  traces 
of  protein, 

12.  Precipitins.     In  thi.'*   connection  a  brief  reference  nuiy  Iw  made  to 

the  interesting  ttruvip  of  h<Mlies  known  as  precipitins.  A.s  stated 
on  p.  424,  the  animal  orRani^irn  h.xs  the  power,  when  foreign  cnlU 
are  injectcfl  into  it,  of  fi»rming  aiiti-bodi(*s  by  a  Hp*'cific  biologic^ 
reaction.  It  hiuM  been  dlsi^ivercfl  that  anti-bodiew  i>r,  as  they 
are  called  in  thiw  rus<\  precijMlinH  ma\'  be  produced  in  the 
same  way  if  prott^in  wcdiit ions  or  solutions  of  animal  tissue  are  in- 
jected into  the  circidation.  Thus,  if  cows'  milk  U*  mj«vt(Ml  undrr 
the  skin  ttf  a  rabbit  there  will  be  produced  within  the  rabbit's 
blood  a  nr^'cijiitiri  whii'h  is  capable  of  firtvipilating  the  casein  of 
cows'  milk,  although  it  may  have  no  artion  on  Ihc  milk  of  other 
animals.  In  (he  same  way  any  given  foreign  protein,  when  injected 
tmder  the  skin  of  an  animal,  may  r-ausc  the  ortxluction  of  a  pre- 
cipitin capable  of  precipitatiui?  that  particular  protein  from  it« 
solutions.  The  jjrecipitin  is  mit  absfihitely  s|x*cific  for  the  protein 
usihI  to  produce  it,  hut   nearly  so.     If  a  rabbit   is  immunized  with 

•  For  furtlier  details,  s<f  Cobnheim,  *"Chcmie  der  KiweU'jkorper,"  second 
edition.  19()4;  or  Abderhaldi-n,  "U-hrbuch  d.  physiol.  Chemie, '  1914;  and 
Roeenheim,  in  "Science  Progress/'  April  and  July,  1908. 
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human  blood  a  precipitin  is  produced  in  the  animal's  blood 
which  causes  a  precipitate  when  mixed  with  human  blood  or 
with  that  of  some  of  the  higher  monkeys,  but  gives  no  reiulioQ 
with  the  blood  of  other  mammals.  The  reaction  may  be  used, 
therefore,  in  a  measure  to  test  the  blood-relationship  of  different 
animals.*  It  has  been  suggested  that  the  reaction  may  also  be 
of  practical  importance  in  medicolegal  cases,  in  determining  whether 
a  given  blood-stain  is  or  is  not  human  blood.  For  such  a  piu^ 
pose  a  human  antiserum  is  first  produced  b^  injecting  humu 
serum  into  a  rabbit.  The  serum  of  the  rabbit  is  then  mixed  with 
an  extract  of  the  suspected  blood-stain  nuide  with  salt  solutioo; 
if  a  precipitate  forms  it  proves  that  the  blood  stain  is  human  blood 

grovided  the  possibility  of  its  bein^  monkey's  blood  is  excluded. 
onceming  the  nature  of  the  precipitins,  httle  is  known.  Tbejr 
combine  quantitatively  with  tne  protein  precipitated  and  th^ 
are  inactivated  (hematosera)  by  a  temperature  of  70°  C.  Their 
reactions  are  not  sufficiently  specific  to  be  used  as  a  means  of  de- 
tecting or  distinguishing  closely  related  proteins. 
//.  The  Color  Readiona  of  Proteins. 
1.  The  biuret  reaction.  The  protein  solution  is  made  strongly  alkalis 
with  caustic  soda  or  potash  and  a  few  drops  of  a  dilute  aolution  of 
copper  sulphate  are  added  carefully  so  as  to  avoid  an  excess.  A 
purple  color  is  obtained.  Some  proteins  (peptones)  ^ve  a  red 
purple,  others  a  blue  purple.  If  only  a  blue  color,  without  any 
mixture  of  red,  is  obtained,  no  protein  is  present.  At  preaeot 
this  reaction  gives  the  best  single  test  for  protein.     It  obtaini 

its  name  from  the  fact  that  it  is  given  by  biuret  HN</y)vh  '  ' 

compound  that  may  be  formed  by  heating  urea.  Two  molcculei 
of  urea  give  o£f  a  molecule  of  ammonia  and  form  biuret. 

2.  The  ninhydrin  reaction.     Proteins  and  some  of  their  split  produets 

jrive  a  blue  reaction  with  ninhydrin  (triketohydrindene  hydrate). 
This  reaction  is  especially  useful  in  testing  for  the  amino-acids  or 
peptids  when  the  hydrolyws  of  the  protoin  has  gone  so  far  that  a 
biuret  reaction  is  no  longer  given.  ()ne  to  two  drops  of  the  rpaeent 
arc  added  to  1  c.c.  of  the  suspected  liquid,  and  the  solution  U  heate<i 
to  boiling.  On  cooling,  a  blue  color  develops  if  a-amino-aciiL«  or  their 
derivatives  are  present. 

3.  The  Millon  reaction.     The  protein  solution  is  boilo<l  with  .MillonV 

reagent.  The  solution  or  the  precipitate,  if  one  i.s  foml(^l.  takes 
on  a  reddish  color,  which  varies  in  intensity  with  different  prDtcia-t. 
Millon 's  reagent  consists  of  a  solution  of  mercuric  nitrate  in  nitric 
acid  containing  some  mercurous  nitrate.  This  reaction  is  supptiH^ 
to  bo  given  by  the  tyrosin  (oxy-aromatic)  grouping  in  the  pnrtcin 
molecule,  and  fails,  therefore,  with  those  proteins  in  which  t>Toi4n 
is  not  present. 

4.  Tyrosin  reagent.    Folin  and  Denis  t  report  a  new  color  reaction  for  the 

detection  of  phenol  compounds  which  may  b;;  used  for  the  quantita- 
tive detcnnination  of  tyrosin.  The  reagent  consists  of  stwliuni  tuiyD»- 
tate,  10  per  cent.;  phosphomolybdic  acid,  2  per  cent.;  and  phosphoric 
acid,  10  per  cent.  After  midition  of  the  reagent  the  blue  o>lor  tf 
developed  by  further  addition  of  an  excess  of  a  saturated  solution  of 
sodium  carbonate. 

5.  The  xanthoproteic  reaction.     Nitric   acid   is  atlded   to  stronf^  acid 

reaction  and  the  solution  is  then  boiled.  After  cooling,  ammonia 
is  a<ld*»d.  The  ammonia  causes  the  development  of  a  deep-yellow 
color  if  protein  is  present.  This  reaction  is  suppose<J  to  Ik-  due 
to  the  presence  in  the  molecule  of  the  groupings  belonginf;  to  the 
aromatic  scries. 

*  For  many  interesting  experiments  and  the  literature,  seeNutlall,  "Blood 
Inmiunity  and  Relationship,    Cambridge,  1904. 

t  Fohn  and  Denis,  "Journal  of  Biological  Chemistry,"  12,  240,  1912. 
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6.  Adamkirwicz's  read  ion.  A  mixture  is  made  of  one  volume  of  oon- 
centmUnl  snlpfmrlc  and  two  volumes  of  Rlaoial  acetic  and;  if  the 
protein  Bohition  Jh  addeil  to  this  mixture  and  warmed  u  nnidish-j 
violet  rolor  is  obtained.  Aceording  to  Ilojikin.s  and  Cole,  the  reatv" 
tion  depends  upon  the  i^r^s^'nce  of  jriyoxylie  avUi  in  Ihf  noetir  acid, 
hut  luToniinjc  to  Homer  it  is  ronlly  n  formiildehyd  rouetion.  The 
iM'tion  of  the  sulphuric  ucid  upf>n  the  glvoxylir  acid  iinxltices  some 
ftirma]d<'hyd.  '!his  renrtion  soems  to  be  due  t<i  the  tnTitophan 
^roupin^  in  the  ]>rolein  moWule. 

7.  Liehc*rmium's  rcaetion.  Dry  protein  purificfl  witli  idotfhol  and  ether 
Kives  a  blue  color  vipon  b4nUnic  with  strimp  hydnn-hloric  acid. 

8.  The  lead  sulphiti  reuction.  The  [)r(»teiii  solution  vh  lK>ilrHi  with  & 
solution  of  a  lead  salt  made  .'*tron(Ely  alkaline  with  soiJa  or  potash. 
A  black  preeipitiitc  or  black  or  brown  coloration  rcfmlt*,  acnonlinir 
to  the  amount  of  prntein.  The  color  is  due  t«  the  Hphttinn  off  of 
frulphnr  and  forniiition  of  leiul  sulphid.  It  ih  piven,  therefore,  by 
the  suIphur-containinK  ^croups  in  the  protein  nKileeule. 

9.  The  Moliseh  reaiMion.  A  few  drops  of  an  alroholic  solution  of  a- 
naphthol  are  adde<l  to  the  prfUein  solution  and  then  atron^  buI- 
phuric  acid.  A  violet  eolor  \»  obtained.  Thin  reaction  ia  given 
hy  the  rarhohydnite  uroujunjt  in  the  firolein  moleiule.  The  strong 
acid  fonns  fiirfun>i  from  this  Rroup,  which  then  reacta  with  the  naph- 
tht^l.  The  reaetion  is  not  piven  by  ihotm  proteiuH  that  do  not  con- 
tain a  carbohydrate  ^roup. 

Classificadon  of  the  Proteins.  — Ko  clnKsificBtion  of  the  proteins  lias 
been  proposed  which  is  entirely  Fatisfartory.  F"-ventually  a  classification 
may  In.'  obiaineii  baM.'d  n|Mm  the  chemical  .ntructure  of  the  various  proteinB, 
the  numlHT  and  arran^reiiient  of  tlie  couMiitueni  amimi  Ixulies,  but  our  know- 
ledge at  prefienl  iw  much  Kuu  incomplete  fur  thi.s  pur|jKKs<\  We  must  l>e  eon- 
tent  with  a  lesK  sutisfaclnry  sy-icin  buwtl  in  part  upon  empirical  reactions 
which  have  gradually  l>eeu  recognized  in  the  course  uf  physiolo^^ral  invea- 
tigations. 

In  the  following  cluwiification  the  recommendations  are  followed  of  the 
Joint  Committee  on  I'rtjtein  Nomenclature  apj>t.iinted  liy  the  American  Phyni- 
ological  Society  and  the  American  Society  of  Hiotogieal  Chemiattf  (*'  American 
Joum&l  of  Physiology,  Proc.  Phyaiol.  S(>c.,"  vol.  xxi.,  1908): 


I.  .Simple  proteiua  (protein  sul>- 
stances  wfiicli  yield  only 
u-amino  acid^  or  their  deriv- 
atives on  hydrolysis). 

II.  Conjugated  proteins  (sul>- 
stanc**H  which  contain  the  pro- 
tein molecule  united  to  Home 
o  t  h  er  mot  t?r\  i  Iv  or  mo  leci  i  les 
othem-iae  than  a^  a  salt) 


Albumins. 

CilobullDA 

t;!ilutelins. 

Alcohol-soluble   proteins  (prolamines). 
Albiimtnoida. 
Iliston*, 
Protatnins. 
'  tilywiproteins. 
XucleoorDleins. 

1  lemoKlobiuH  (ohromoproteins). 
Phosntuiproteins. 


III.  Derived  proteins 


I^'citliopoleins. 

Prin.ary  protein  derivatives 
(.formed  through  hydnilytic 
cliangcs  which  cauiae  only 
slight  alterations  tif  the  prt>- 
tem  molwulc). 

Secondary  protein  deriva- 
tives. (Prmhicts  of  further 
hydrolytie  cleava^*  of  the 
protein  molecule.) 


J 


Proteans. 
Metaprotcins. 
Coa|^lal4.*d  proteins. 

Proteoses. 
Peptones. 
Peptids. 


The  Albumins. — In  additi^m  t^)  the  albuminfl  found  in  the  celhilar  tis- 
sues, the  cell  albumins,  the  conspicuous  examples  of  this  group  are  serum- 
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albumin,  milk-albumin  (lactalbumin),  and  egg-albumin  (ovalbumin).  The}' 
are  characterized  as  a  claas  by  the  fact  that  they  are  coa^lable  by  heat  in 
solutions  with  a  neutral  or  acid  reaction,  and  are  soluble  m  water  free  from 
salts.  In  accordance  with  the  latter  part  of  this  definition  they  are  not 
precipitated  by  dialysis.  They  are  precipitated  from  their  solutions  wiUi 
more  difficulty  by  saturation  with  neutral  salts,  ammonium  sulphate,  tb&o 
the  globulins  with  which  they  are  usually  associated.  Empirically,  as  regard? 
the  hquidfl  of  the  body,  it  is  stated  that  they  require  more  than  half  saturation 
with  ammonium  sulphate  for  precipitation  (see  section  on  Blood).  All 
three  albumins  referred  to  here  may  be  obtained  in  crjrstallized  form.  ThfT 
are  not  precipitated  by  saturation  with  sodium  chlorid  or  magnesium  6ul- 
phate  unless  the  solution  is  made  acid.  They  are  rich  in  sulphur,  containing 
from  1.6  to  2.2  per  cent.,  and  on  hydrolysis  they  yield  no  glycocoli. 

The  GlobttUns. — Proteins  bdonging  to  tlus  group  are  found  in  the  cell 
tissues  together  with  albumins.  The  forms  that  have  been  most  studied 
are  serum-globulin  (paraglobuUn)  and  fibrinogen  {blood,  lymph,  and  transu- 
data),  milk-globulin  (lactoglobuUn),  and  egg-globulin.  As  contrasted  with 
the  albumins,  they  are  coagulable  by  heat.Hbut  are  insoluble  in  pure  water. 
They  are  readily  soluble  in  dilute  solutions  of  neutral  salt^,  that  is,  ealt«  of 
strong  bases  with  strong  acids.  In  consequence  of  their  insolubility  in  water 
they  are  precipitated  by  dialysis.  This  reaction  is  not  distinctive,  however, 
as  the  precipitation  is  not  complete.  Some  of  the  so-called  globulin  remains  in 
solution  after  the  salts  have  been  removed  as  completely  as  possibk  by 
dialysis.  They  are  also  precipitated  partially  from  their  dilute  solutions  by 
the  addition  of  weak  acios  or  by  a  stream  of  carbon  dioxid.  Practically  they 
are  isolated  from  accompanying  albumins  by  precipitation  with  neutral  salts. 
In  neutral  solutions  the  globuuns  are  completely  precipitated  by  saturation 
with  magnesium  sulphate  or  half  saturation  with  ammonium  sulphate.  Id 
the  blood  several  different  forms  of  globulin  are  distinffuished  by  the  degree 
of  saturation  with  ammonium  sulphate  necessary  for  their  precipitation  (see 
Blood).  The  separations  made  by  this  method  are  not,  however,  satisfs^ 
tory.  Nor,  indeed,  is  the  separation  between  globulins  and  albumins  alto- 
gether satisfactory.  It  would  seem  that  these  proteins  are  so  closely  related 
that  diBtinctive  reactions  arc  difficult  to  obtain  on  account  of  the  existence 
of  forms  intermediate  between  the  extremes  that  are  used  as  types. 

The  Glutelins. — These  proteins  occur  in  abundance  in  the  seeds  of 
cereals.  They  are  insoluble  in  all  neutral  solvents,  but  are  readily  diswived 
by  very  dilute  acids  or  alkalies. 

Alcohol-soluble  Proteins  (Prolamines). — Found  in  quantity  in  cereals 
but  not  in  other  seeds.  They  are  soluble  in  alcohol  (70-80  j)er  cent.),  bm 
insoluble  in  water  or  in  absolute  alcohol.  Gliadin  of  wheat  and  rj'e  and  hor- 
dein  of  barley  are  examples.  On  hydrolysis  these  proteins  give  a  very  large 
percentage  of  glutaminic  acid  (20  to  37  per  cent.)  and  from  20  to  30  jser  cent, 
of  their  nitrogen  is  given  off  as  ammonia.* 

Albtiminoids. — Simple  proteins  which  are  characterized  by  great  in- 
solubility in  all  neutral  solvents.  They  form  the  principle  constituent  of 
the  skeletal  tissues  and  connective  tissues,  epidermis,  hairs,  et<'.,  including; 
such  members  as  elastin,  keratin,  and  collagen.  Physiologically  it  has  l>een 
found  that  gelatin,  a  derivative  of  collagen,  does  not  suffice  for  the  cimstruction 
of  living  protein,  and  cannot  be  used  in  place  of  tlie  other  proteins  to  main- 
tain nitrogen  e<|uiiibrium.  This  peculiarity  seems  to  be  due  to  the  absence 
of  certain  necessary  amino-acids  in  its  molecule.     (See  p.  902.) 

Protamins  and  Histons. — The  histons  are  defined  as  being  soluble  in 
water  and  insoluble  in  very  dilute  ammonia.  They  yield  precipitates  witii 
solutions  of  otiter  proteins  and  give  a  coagulum  on  heating.  Protamins 
are  soluble  in  water,  not  coagulated  by  heating,  and,  like  the  histoas  have 
the  property  of  precipitating  other  proteins  in  aqueous  solutions.    They 

Cossess  strong  basic  properties  and  form  stable  salts.     The  protamins  have 
een  obtained  (Miescher-Kossel)  from  the  heads  of  the  spermatozoa  in  fishe?. 
in  which  they  exist  in  combination  with  nucleic  acid.     They  differ  eonsideral>ly 

•  For  description  of  this  and  other  vegetable  proteins,  see  Osborne, 
''Science,'*  Oct.  2,  1908. 
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in  the  spermatozoa  of  diffcrpnt  aniiuiUs,  and  are,  therefore,  def?iniiated  aecord- 
inR  to  in*'  z*>olo^ical  name  of  the  fish  from  which  they  ari.se,  ;is  ^iiUiiiti,  Murin, 
olnjiein.  seombnn,  etcv  They  Hhnw  ii  biuret  reaction,  hut  in  most  ca«e«  fail  to 
Rive  Millon'.^  reaction.  On  hydrolvsis  Ihey  give  split  products^  which  consist 
chiefly  of  the  so-eiiHe<l  diannno-bodies  lurKinin.  hi-slidin,  lysin)  ratluT  than  the 
monamino-afids.  Some  of  tlie  Utter  nmy  oecur,  however,  sncli  aa  aUinin, 
serin,  aniinovuK'riMnio  or  j'(-pyrrf>llidin-earboxyht^  iirid.  The  protamine  all  give 
an  atkahne  rcuetion,  form  sjih.s  with  iici*ls,  and  ure  precipitated  easilv.  Their 
molecular  structure  is  relatively  simple.  Sidmin  is  ffiven  the  fomin^  t'^H„- 
C,,!!*-  The  molecule  eontains  no  Hulpliiir  nnd  is  charaetorized  al.so  by  it-s 
turRe  percentaRe  of  nitroK^n.  Pnolamiii  nin^t  be  regtirded  as  the  simplest 
form  of  protein  occurring  normally  in  the  animal  boily,  :*  protein  in  which 
many  of  the  protipinpn,  nuoh  as  eystin,  iyrr»t*in,  carbohydrutw*,  found  in  the 
usual  protein  molecule  are  i^nlirely  lacking  antl  in  whicli  the  biusic  ^roupingH 
(arpinin)  prcflonnnate.  The  hisionn  fonn  a  weriew  of  cimiixiundh  intermediate 
in  many  ways  Iwtween  the  pnitaniins  and  tlie  usual  proti'ins.  The  reaetion 
usually  considered  lus  eharucteristic  of  tlie  cla.sH  in  that  Ihcy  are  prtcipilated 
by  ammonia.  Tlicy  are  precipiluteil  also  by  the  alkaloidal  reuKcnts-  f.  g., 
pnosphotunfTKlie  acid — in  neutral  solutions.  Ordinary  proteins  Rive  a  pre- 
cipitate willi  thfse  reagents  only  in  acid  Holutions,  while  the  pmtandns  give 
one  even  in  alkaline  sr>hUioiis.  Protamins,  histons,  and  the  usual  proteins 
form  a  series,  therefore,  in  which  the  Ua-sie  reaction  is  loss  and  less  marked. 
The  he^*^t  known  of  the  liiston-s  ia  the  globin  obtained  from  lutnaglobin  ;  an- 
otlier  form  has  been  obtained  from  the  nucU-ohirtton  in  the  wliiti'  corpuscles, 
from  the  spermatozoa  of  mackerel  (sfiombron).  WMlfish  (giidufiliifiton),  sea- 
urchin  (arbacin),  aud  froK  (lotahiston).  They  do  not  otcur  free  in  the  titjuids 
or  lissties  of  the  body,  but  in  combination,  as  in  the  ca-se  of  hemoglobin. 
They  give  the  biuret  reaction,  a  faint  Milhm  reaction,  and  also  resrxmd  to  the 
tests  for  sulphur.  The  protlucts  obtained  t*y  their  hydrolytic  cleavage  are 
much  more  numerous  than  in  the  case  of  the  protaminB — a  fact  which  would 
indicate  that  their  molecular  structure  is  correspondingly  more  complex. 

The  Conjugated  Proteins. — ^The  chromoprotrins  or  henutgloinnjf  may  be 
defined  aw  consisting  tif  a  simple  protein  in  ('■>inbinutinn  with  a  pigment 
grouping,  such  as  occurs  in  the  case  of  hemoji^lobiii,  \  number  of  suth  c<im- 
poumlK  are  known — hemoglobin^  hemocyanin,  heuitTythrin,  chlorocr»ii)rin — 
alt  characltTixi'd  physiologically  by  tht  fact  that  they  (HT\e  Id  lranM[)orl 
oxygen  from  the  air  or  water  to  the  tissues.  Un  boiling,  heating  with  alkalies 
or  acids,  etc.,  they  readily  tiecompose  into  their  constituent  parts  (wh'  Blood). 
Glycoprotcina  are  compounds  of  a  carbohydrate  group  with  a  simple  protein. 
Numerous  bo4lie8  have  been  put  in  this  class;  some  of  tiicm  contain  phos- 
phorus (phoflphoghH'0[>roteinsy  Those  free  from  phosphorus  fall  int«»  two 
divisions:  one,  the  mucinw,  which  on  drcornposition  yield  *lie  carbohydrate 
group  in  the  form  of  an  amino-sugar  (glucosjimin),  and  one.  the  chondnipro- 
tein.s  f<tund  in  the  connective  tissues  and  in  the  jialhological  «nbntancf  known 
as  amyloid,  which  yield  tlieir  carbohydrate  grrxjp  in  the  fonn  of  '^honiln:>itin- 
Bulphurie  acid  iCi,H„NyO„).  True  mucin  is  obtaimxl  from  the  secretion 
of  the  salivary  glands  and  the  mijeou»  glands  of  the  various  mucous  mem- 
branes. The  nudeoproteins  constitute  the  most  intercHting  of  the  group 
of  compound  prot^'itis.  They  are  nn-ognized  as  fomdn^  an  important  con- 
stituent of  the  cell  nuclei.  They  mav  be  defined  as  ?onsiHting  of  a  compound 
of  simple  protein  with  a  nucleic  acid.  In  the  nuclei  (head)  of  s|jermatozoa 
tite  com|>ound,  in  some  cases  at  leawt  (fi.slies).  contains  a  nucleic  ttei<i  and  a 
protamin.  In  other  cases  the  protein  'constituent  is  more  complex.  On 
digestion  with  ji^psin-hydrochloric  acid  the  more  ctimplex  n»icleoproteins 
split,  with  the  fonnation,  first,  of  a  protein  substance  and  a  simpler  nucleo- 
protein,  richer  in  pliosphorun  and  ilesignated  as  a  nnclein,  t>n  further 
decomposition  this  latter  yield**  a  nurleic  acid.  Nucleic  aciii  is,  therefore, 
the  characteristic  constituent,  and  a  number  of  different  forms  Imve  been 
descrit>e«l,  all  rich  in  phosphorus,  such  :is  ihymonucleic  acid,  salmonnncleic 
acid,  guanylic  Qei<l.  etc.  Ivevene  and  Jacobs  have  shown  that  the  various 
nucleic  acids  are  const nictrd  (»n  a  general  type  whieh  consists  of  a  phosphoric 
acid  group  linked  to  a  nitrogenous  base  by  means  of  a  carl>ohydrate  group. 
This  latter  group  is  fi  ribose,  one  of  the  pentoses.     Compounds  of  this  type 
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the}'  propose  to  dtsiRnate  as  nuclotidea.  When  tho  phofinhoric  acid  is  split 
off  a  compound  of  the  <!arbohydr.it<'  and  th<i  nitroRmous  base  is  left,  and  on 
further  hydrolytiis  the  oarboliydrat*  may  be  split  off  and  variou**  nitrogonoufl 
Bubstancefl  bf  formed,  such  a-s  purin  baHcs  or  pyrimidin  derivalivcfi.  These 
final  dfoomportition  pr(«lurt,s  arc  rhiiractmstin  of  the  tnie  nucleoprotein?  u 
distinnuiwhoii  from  thr*  ph(>Hphorus-<'ontainin^j  proleins.  the  nucleo-albuiuiiu 
or  phosphtjproteins,  such  as  riusein.  The  percentage  of  phosphorus  in  the 
iniHooi>rf>tcina  varieft,  arcording  to  the  complexity  of  the  molecule*  between 
0.5  and  1.^  per  cent. 

The  UcithoproteiTia  consist  of  compounds  of  the  protein  moleeule  with 
lecithin  (leeithans,  phosphatids),  while  the  phoxphoprofeivft  are  compounda 
of  the  protein  molecule  with  some,  as  yet  undefine<l,  phosphoniR-eoniaining 
substanre  other  than  a  nucleic  arid  or  lecithin.  ThU  proun  contains  such 
protein.H  aw  the  vjtellin  of  the  yolk  and  casein  of  milk,  whicn  were  formerly 
desitcnuted  uh  nucletk-alhumins. 

The  Derived  Proteins. — Under  this  designation  are  included  products 
derived  fnjm  the  simple  proteins  by  hydrolysis.  When  the  hydrolytic  ehanjare 
involves  only  a  slight  ehun/^e  in  the  pn:>t*Mn  nioleeule  we  have  what  are  known 
an  primary  derivativCH,  of  which  three  proups  are  made:  (1)  Proteans,  cer- 
tain insi>hible  profhict.n  which  result  fnmi  the  incinient  action  of  water, 
enzymes,  or  very  dilute  aeidA.  i'2)  Metuproteins,  proaucts  which  rcRult  from 
the  further  action  of  aeiils  or  alkulien,  by  means  of  which  tlie  protein  is  con- 
verted into  a  form  soluble  in  weak  nckhi  or  alknhes,  but  precipitated  on  neu- 
tralization. This  pTOup  includes  wliat  was  formerly  designated  as  acid  or 
alkali  ulbumin.  VA)  Coagutated  protein — insoluble  products  formed  by 
the  action  of   heat,  alcohol,   etc. 

If  the  hydmlysifl  proctt^dfi  further,  certain  eleava^  product*  result  which 
are  simpler  tlian  these  just  named,  hut  are  more  complex  than  the  final 
products  of  complete  hydrolysi.''  (amino-aeid-s).  Th(*8e  intermediate  cleavage 
products  are  f^rf)Uj^>eii  umier  the  term  semndary  derivntivcfi  and  include: 
(1)  Proteofics,  oroducts  which  ore  soluble  in  water,  not  coairulated  by  heat, 
and  are  completely  precipitated  by  satuAtion  with  Hmmonium  sulphate  or 
zine  tiulphate.  (2)  Prpttinefi,  products  which  are  wihihle  in  water,  are  not 
conflated  by  Iieat.  and  are  not  preeinitat(»d  by  saturation  with  anunonium 
milphate.  (3)  Prptid.t,  products  whicli  consist  of  two  or  more  jimino-acids 
in  which  the  earhoxyl  group  of  one  is  united  with  the  amino  gTf>up  of  an- 
other, with  the  elinUnalian  of  a  molecule  of  water.  The  peptones  prt>bably 
ar«  simply  polyp^^ptidp  or  mixtures  <if  polypeptids. 

DIFFUSION  AM>  OSMOSIS. 

In  recent  years  the  physical  conceptiomi  of  the  nature  of  the  proceaMs 
of  difTuAiun  and  osmosis  have  chungevl  eou^idorably.  As  the»e  newer  concep" 
lions  have  entere<l  largely  into  current  niedieal  literature,  it  eeema  a<l\i»- 
able  to  give  a  brief  dest^ription  of  them  for  the  use  of  those  students  of  phv>- 
iolog>'  who  may  bo  unac^piaintcd  witli  tho  modern  nonienelature.  The 
very  limiteil  space  that  can  he  devote<i  to  the  subjeet  forbids  aiij'thiug  more 
than  a  condensed  elementary  presentation.  For  fuUer  infonnation  refer- 
ence muift  be  iiiade  to  special  treatises.* 

Diifuaion,  Dialyais,  and  Osmosis. — ^Vhen  two  gase»  are  brought  into 
contact  a  horaocwieoua  mixture  of  the  two  is  soon  obtained.  This  inter- 
penetration  of  the  gases  is  spoken  of  as  dilTuston,  and  it  is  due  to  the  con- 
tinual movements  of  the  ga-seous  molecules  to  luid  fro  within  the  limits  of 
the  confining  space.  So  also  when  two  nii»ciblc  Uquids  or  solutions  are 
brought  into  contact  a  diffusion  occurs  for  the  same  reason,  the  movements 
of  the  molecule**  fuially  effecting  a  lHimogeiie<jus  mixture.  If  the  two  liquids 
happen  to  be  fieparattni  by  a  membrane  diffusion  will  still  occur.  pro\ided 
the  membrane  is  permeable  to  the  hquid  molecuJes,  and  in  time  the  liquids 

♦Consult  Cohen,  "Physical  (Themistry  for  Physicians  and  Biologists." 
translated  by  FiHchcr.  Il>03.  H.  C.  Jones,  "TheTluwry  of  Electrolytic  Dis- 
sociation," 1900 :  "Diffusion  Osmosis,  and  Filtration,  by  E.  W. 'Rdd,  in 
Schiifor's  "Text-book  of  Physiology."  1898. 
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on  the  two  8i<i*«  will  tw  mixtures  having  n  unifomi  composition.  Xot  onlv 
water  moleculps,  but  the  molec-ulcs  of  many  aubstutiros  in  solution,  such 
Afl  sugar,  may  pasa  to  and  fro  throuRh  m^'mbranes.  so  tbfit  two  liquidH  nopa- 
rat«d  from  each  other  hy  an  intervening  membrane  and  oripinally  unhke 
in  composition  may  finally,  f)y  the*  net  of  diffusion,  come  to  have  tho  same 
eomposition.  DifTiiston  of  this  kind  through  a  membrane  is  fref|uently 
apokea  of  as  dialysis  or  osmosis.  In  the  bixly  we  deal  with  aqueous  solu- 
tions of  various  aubelanres  that  are  separated  from  each  otlier  by  living 
membranes,  such  as  the  walls  of  the  blood  eapillarieH  or  of  the  alimentary 
canal,  and  the  laws  of  ilifTusion  throuRh  menibraiies  are  of  immediate  im- 
portaJireinexplaininE  the  passage  of  water  and  dissolved  s;ib«tani'ea  through 
these  living  septa.  In  aqueous  nohitions  such  as  we  have  in  the  body  we  must 
take  into  account  the  mov^enients  of  the  molecules  of  the  solvent,  water, 
as  well  as  of  the  sulwtances  rlinsolved.  Tliese  latter  may  have  different  de- 
grees of  diffufiibility  as  compared  with  one  another  or  vvhh  the-  wator  mole- 
cules, and  it  frt^uently  happens  thai  a  mcmbran*'  (hat  is  permeable  to 
water  molecules  ia  less  permeable  or  even  impermeable  to  the  molecules  of 
the  substances  in  solution.  For  this  reason  the  diffusion  stream  of  water 
and  of  the  dissolved  substances  may  be  different  iated,  a.s  it  were,  to  a  i^realer 
or  less  extent.  The  enen^y  or  force  responsible  for  the  diffusion  of  molecules 
in  solution  is  an  outcome  of  the  intrinsic  rnrrjcy  of  the  molecules  which  keeps 
them  in  movement.  This  eneqcy  ia  dcsijcnatcd  as  osmotic  pre-ssurc.  It  can 
be  measuriHi  accurately,  although  its  exact  nature  is  not  understood. 

Osmotic  Pressure. — If  we  imagine  two  masses  of  water  8e]>arate<i  by 
a  ponncable  membrane,  we  can  readily  umlcrstantl  that  a--*  many  water  mole- 
cules will  pass  through  from  one  side  as  frora  the  other;  the  two  streams. 
in  fact,  will  neutralize  each  oilier,  and  the  volumes  of  the  two  mas>ea  of 
water  will  remuin  unchunge*!.  Tlie  movement  of  the  water  molecules*  in 
ttus  case  is  nut  actually  ob»erved,  but  it  is  assumed  to  take  place  ou  the 
theory  that  the  liquid  molecules  are  contijiually  in  motion  and  that  the 
membrane,  l>eing  penneable,  oHers  no  ol»*tacle  to  their  movements.  If. 
now,  on  one  side  of  the  membrane* we  place  a  solution  of  some  cr^stalloia 
aubrtance,  such  as  common  salt,  and  on  the  other  side  pure  water,  then  it 
will  be  found  that  an  ex^-esH  of  water  will  pm*s  from  the  water  side  to  the 
aide  containing  tlie  solutioit.  In  the  older  terminology  it  was  ^aid  that  the 
salt  attracted  this  water,  but  in  the  newer  theories  llie  same  fact  is  expressed 
by  saying  that  the  KaU  in  solutton  exerts  a  certain  osmotic  pres.sure,  in  conse- 
quence of  which  more  water  Itows  from  the  water  side  to  the  sitle  of  the 
solution  than  in  the  reverj^e  direction.  .\s  a  matter  of  experiment  it  is  found 
that  the  osmotic  pressure  varies  with  the  amount  of  the  8ul»tnnce  in  solu- 
tion. If  in  cx{>oriinents  of  this  kind  a  semipermeable  membrane  is  chosen 
— that  is,  a  membrane  that  is  jienneable  to  the  water  nmlecules,  but  not  to 
the  molecules  of  the  substujice  in  solution — the  streanj  of  water  to  the  sitie 
of  the  crystalloid  will  continue  until  tl^e  hydrtistatic  pressure  on  this  side 
leaches  a  certain  point,  ^uid  the  hydrostatic  pressure  thus  caused  may  be 
taken  as  a  measure  of  the  osinotic  pressure  exerte<l  L"  tlie  substance  in  solu- 
tion. Under  these  conditions  it  cati  he  shown  that  the  osmotic  pressure 
is  proportional  to  the  concentration  of  the  solution,  or,  in  other  words,  to 
the  nunil>er  of  molecules  (and  ions)  of  the  crjstalloid  in  solution.  As  a 
matter  of  fact,  most  of  the  nvenihranes  that  we  have  to  deal  with  in  the 
body  are  only  approximately  semipenneable — that  is,  while  they  are  readily 
permeable  to  water  molecules,  they  are  also  penneable,  although  with  more 
or  leea  difficulty,  to  the  su^>^tances  in  solution.  In  such  cases  we  get  an 
osmotic  stream  of  water  to  the  side  of  the  dissolved  crj'stalloid,  but  ai  the 
same  time  the  molecules  of  the  latter  pa«8  to  some  extent  through  the  mem- 
brane, by  diffusion,  to  the  other  side.  In  course  of  time,  therefore,  the 
dissolved  cr>'KtalIoid  will  be  equally  distributed  on  the  two  sides  of  the  mem- 
brane, the  osmotic  preasiire  on  both  sides  will  become  ecjual,  and  osmoais 
of  the  water  will  cea.se  to  be  a])parent,  since  it  b  equal  in  tnc  two  dircotiona. 
All  substances  in  tnie  solution  are  capable  of  exerting  osmotic  pressure, 
and  the  inqx^rt ant  rliscoven*  ha«*  been  matle  that  tlie  osmotic  pressure,  meas- 
ured in  terms  of  atmospheres  or  the  pressure  of  a  column  of  water  or  mer- 
cury, is  equal  to  the  gas  pressure  that  would  be  exerted  by  a  number  of 
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molecules  of  gas  equal  to  that  of  the  cryftalloitl  in  solution,  if  confinefl  within 
the  same  space  and  kept  at  the  same  temperature.*  A  perfectly  satisfactory 
explanation  of  the  nature  of  osmotic  pressure  has  not  neen  fumipher).  Wf  i 
must  be  content  tt>  use  the  lemi  to  exjJress  the  fact  described.  It  is  a  matter 
of  great  importance  to  measure  the  osmotic  pressures  of  various  solutions. 
As  wai<  *-tateil  aWove,  this  nietisurement  can  be  made  for  any  solution  pro- 
vided a  really  semi  (Ten  ii  cable  membniJie  is  coIl^t^ucted.  As  a  matter  of 
fact,  however,  the  u^^e  of  such  membranes  has  not  Ijeen  general.  In  art^ial 
experiment**  other  methods  have  been  employed,  and  a  brief  statement 
of  a  theoretical  and  a  practical  method  of  arriving  at  tlie  value  of  osmotic 
pressures  may  l>e  of  ser\-ice  in  further  illustratlnK  the  meaning  of  the  term. 
Before  stating  these  methods  it  Incomes  necessar>'  to  define  two  terms — 
namely,  electrolyte>  and  gram-molecular  solutions — that  are  much  u.*!©d 
in  this  connection. 

Electrolytes.^The  molecules  of  many  sulwtances  when  brought  into 
a  state  of  solution  are  believed  to  be  dissociated  into  two  or  more  parts, 
known  aa  ions.  The  completeness  of  the  dissociation  varies  with  the  sub- 
stance used,  and  for  any  on*^  ^ubstanee  witl*  the  degree  of  dilution.  RougMy 
speaking,  the  greater  the  dilution,  the  more  nearly  complete  is  the  dissocia- 
tion. The  ions  liberated  by  this  act  of  ilissoriation  carry  an  electrical  cliarge 
and  when  an  electrical  current  is  led  into  the  solution  it  is  conducted  in  a  , 
dctinite  dirt'ctiou  by  the  movenieiitiii  or  mignition  of  the  charged  ions.  The  1 
molecules  of  ]>erfectly  ])ure  water  undergo  almost  no  dissociation,  and  water, 
tiierefore,  does  not  appreciably  conduct  the  electrical  current.  If  s*jme 
Na<U  is  dissfjlved  in  water,  a  certain  number  of  it.*;  molecules  Wvome  diir- 
BiK-iated  into  a  Na  ion  charged  ixjsiiively  with  t*lcetricity  and  a  CI  ion  charged 
n(^ativ€4y^  and  the  sohiUon  becomes  a  cunductor  of  the  electrical  current. 
Substances  thai  exhibit  this  property  of  dissoeiulioa  into  electrical ly-^bargeil 
ions  are  known  as  electrolytes,  to  distinguish  thpiii  from  other  sobiVilv  »u\^*- 
stances,  such  im  Augar,  that  do  not  dissociate  in  solution  and,  therefore,  do  not 
conduct  the  electrical  curri-nt.  Sficaking  generally,  it  may  be  said  that  &11 
salts,  b:ises,  and  acids  Ix'long  to  the  group  of  electrolytes.  Trie  conception  of 
electrolytes  is  very  imiMtrlaul  for  the  reason  that  the  act  of  disAOciation  ob- 
viously increases  the  number  of  particles  moving  in  the  solution  and  thereby 
increases  the  osmotic  pressure,  since  it  has  been  foimd  exiH»rimentally  that,  so  i 
far  as  osmotic  pressures  are  concenied.  an  inn  plays  the  same  part  as  a  mole- 
cuic,  It  follows,  therefore,  tliat  the  osmotic  pressure  of  any  ^ven  electrolyte  | 
in  sohition  is  increased  in  pro|xirtion  to  the  decree  to  which  it  is  dissiK-iatwI. 
Ah  the  li^iuids  of  llie  Iwidy  contain  electrolytes  in  solution  it  becomes  nece*-  | 
sary,  in  estimating  tiieir  osmotic  pressure,  "to  take  this  fact  into  consideration.  , 

Gram-molecular  Solutions, — The  conccniration  of  u   given  su!>stan(e 
in  wlution  may  U;*  striied  by  the  usual  method  of  lercentages.  but  from  the 
standpoint  of  ostiioUc  pres.>ure  a  more  conveuicut  method  is  the  ut^  of  the 
unit  known  as  a  gram-molecular  solution.     A  grain-moleculo  of  any  su\r-  1 
§tant*e  is  a  quantity  in  grams  of  the  substance  equal  to  i\^  molecular  weight,  I 
while  a  gram-molecular  solution  is  one  containing  a  gram-molocule  of  the  j 
substance  to  a  liter  of  the  solution.     Thus,  a  gram-molecular  solution  of  | 
sodium  chlorid  is  one  contojning  5ft.5  gm.s.  (\a,  23;  CI,  35.5)  of  the  sah.  to 
a   liter,   while  a   gram- molecular  solution   of  cane-sugar  contains  342  pa*. 
(CjHjjC^,,)  to  ft  liter.     Similarly  a  gram-molecule  of  H  is  2  gms.  by  wei^it 
of  this  gas,  and  if  this  weight  of  H  were  eompres.'Wil  to  the  volume  of  a  hiei 
it   would   be  comnaraUc  to  a  gram-molecxdar  .sobitiftn.     Sinc'^  the  wei^l  , 
of  a  molecule  of  H  is  to  the  weight  of  a  molecule  of  cane-sugar  as  2  is  to  I 
342,  it  follows  that  a  liter  rtmtaining  2  gnis.  of  II  has  the  same  number  of  ' 

*  Tlie  intere)<ting  researches  of  Morse  and  Fraxer  ("The  American  0«nii- 
cftl  Journal,"  34.  1,  1905),  who  liavo  succeeded  in  making  seminermeable 
membranes  in  such  a  fonn  as  may  be  used  for  determining  directly  the  o^ 
motic  jjressures  of  coiKi?ntrated  (normal)  solutions,  have  shown  that  this 
law  is  not  accurately  staled.  The  actual  pressure  is  that  which  would  be 
exerted  if  the  |ianicles  tn  .solution  were  gasincd  at  the  same  temperature  and 
kept  to  the  volume  of  the  pure  solvent  used  (water),  instead  ot  the  vo.uizi0 
of  the  entire  aolation. 
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aolocules  of  H  in  it  a£  a  liter  of  solution  contuinine  342  fpns.  of  miKar  has 
ujear  inolecviles.  (>n  the  n^simiptiun  lliat  u  nioleoule  in  8olutii>n  exerts 
an  osmotic  pressure  that  is  exactly  eqiuil  tn  the  RHs-ppesstire  exerted  by  a 
gas  tuolecxile  moving  in  the  same  space  mid  Hi  the  Miine  temiieratiire,  wo 
are  juMified  in  sayirijr  that  the  osmotir  pressure  of  a  prtini-iiiolectiLir  solu- 
tion nf  rztiie-iiiKHr,  or  of  any  other  Buhstanco  that  is  not  un  electrolyte,  is 
equal  to  the  pa.s-presaure  of  2  pnis,  of  H  when  oornprct4.se<l  to  the  volume 
of^  1  liter.  This  fact  pives  a  means  of  cah-ulaliiiK  the  nsniotie  pressure  of 
solutions  in  rertain  easels  arronliuK  to  the  folhiwin^  method: 

Calculation  of  the  O&motic  Pressure  of  Solutions, — To  illustrate  this 
method  we  may  takr  a  wimple  prohlnn  such  tv<  the  determination  <>f  the 
osmotic  pressure  of  a  1  per  cent  solution  of  canivsugar.  One  pni.  of  H  at 
atmojipheric  preswure  occupies  a  volume  of  11. U>  liters;  2  ffms.  of  H,  there- 
fore, imtler  the  same  conditions  will  fK-nipy  a  volume  of  22.32  liters.  A 
gram-molecule  of  H — that  is,  2  pms,  of  H — when  brought  to  the  volume 
of  1  liter  will  exert  a  gas-pressure  erjuul  to  that  of  22.32  liters  compresse*! 
to  1  liter — that  is,  a  pressure  of  22.32  atmospheres.  A  pram-inote<ular  solu- 
tion of  cane-supar,  since  it  coniain.s  the  same  nxunljer  of  nmlecules  in  a  liter^ 
must  therefore  exert  an  otjmotic  pressure  equal  to  22.32  atmospheres.  A 
1  per  cent,  solution  of  cane-sugar  contains,  however,  only  10  grr^,  of  i^upar 
to  a  liter;  hence  the  osinotic  preijiure  of  the  .-^uKar  in  such  a  solution  will 
be  ./..^  of  22.32  atmospheres,  or  0.G5  of  an  atmosphere,  which  in  terms  of 

a  column  of  mercury  ^ves  700  X  0.(15  ^  494  mms.  Tliis  fipure  expreissea 
the  osmotic  pressure  of  a  1  iter  cent,  solutinn  of  cane-sugar  when  dialyzed 
against  pure  water  throu|!;h  a  menihrane  ini|iermeuhle  to  the  sugar  molecules. 
In  such  an  experiment  water  would  pass  to  the  sugar  if^ide  mitU  t!ie  hydro- 
static pressure  on  this  side  was  increasetl  by  an  amount  ecpial  to  the  pres- 
sure of^a  column  of  mercury  494  tiims.  high.  Certain  ail(liti*>nal  calculations 
that  it  is  necetwanr'  to  make  for  tho  temperature  of  the  solution  need  not  be 
apecifietl  in  this  connection.  If,  however,  we  wish  to  apply  this  method 
to  the  calculation  of  the  ORinotic  preKsure  of  a  given  sftUition  of  an  electro- 
lyte, it  is  necessary  first  to  ascertain  the  degree  of  dissfKiation  of  the  electro- 
lyte into  it.H  ions,  since,  as  was  said  above,  dissociation  increases  the  num- 
ber of  parts  in  ^ution  and  to  the  sanie  extent  increases  osmotic  pressure. 
In  the  body  the  lii^uitUj  that  concern  us  contain  a  variety  of  substances  in 
solution,  efectroiytes  as  well  ast  non-electrolytes.  In  order,  therefore,  to 
calculate  the  osmotic  pressure  of  such  cL>m]dex  solutions  it  is  necessary  to 
ascertain  the  amount  of  each  suhstanrc  present,  and^  in  the  vaae  of  electro- 
lytes, the  degree  of  dis^ociutioti.  I'nder  ex|>erimental  conditions  such  a 
oftlcuJatiun  is  practically  impossible,  and  recourse  must  l^  had  to  other 
methods.  One  of  the  simplest  anil  most  easily  ayH>lie<l  of  the$«  methods 
is  the  deteniiinatiun  of  the  freezing  )Hiint  of  the  solution. 

Determination  of  Osmotic  Pressure  by  Means  of  the  Freezing  Point. 
— -Thia  method  tle(>ends  ufMui  the  fact  that  the  frw»zing  |>oint  of  water  is  low- 
ered by  substances  in  f*olulion,  and  it  has  i»een  di»covere<I  that  the  amount 
of  lowering  i.s  projMirtional  to  the  number  of  parts  (molecules  and  ions) 
present  in  the  solution.  Sim^  the  o.smotic  pressure  is  also  rroportional  to 
the  nuniljer  of  parts  in  dilution,  it  is  r<inveuient  to  take  the  lowering  of  the 
freezing  |Muiit  of  a  sctlntion  as  an  index  or  measure  of  its  osmotic  pressure. 
In  pnictice  a  simple  api»aratus  (l^ckmann's  apparatus)  is  used,  consisting 
essentially  of  a  very  lielicate  and  adjustable  differential  thermometer.  By 
means  of  this  instrument  the  freezing  point  of  pure  water  is  first  ascertained 
upon  the  empirical  .scale  of  the  thermometer.  The  freezing  [>oint  of  the 
solution  un<ler  examination  is  then  detennined,  and  the  nundier  of  degrees 
or  fractions  of  a  licgree  by  which  itJ*  freezing  point  is  lower  than  that  of  pure 
water  is  noted.  The  lowering  of  the  freezing  point  in  degrees  centigrade 
Sb  expreeaed  usually  by  the  syml>ol  A-  ^*ot  example,  mammalian  blooti- 
aertmi  gives  ^  =  0"56°'C.  A  6.95  per  cent,  solution  of  XnCl  gives  the  same 
^  ;  hence  the  two  solutions  exert  the  same  osmotic  pressure,  or,  to  put  it  in 
another  way,  a  0.05  per  cent,  solution  of  NaCl  is  isotonic  or  iso^motic  with 
manunalian  serum.  T!»e  A  of  any  given  solution  may  !«  expressed  in  terms 
of  a  gram-molecular  solution  by  dividing  it  by  the  constant  1.87,  since  a 
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gram-molecular  solution  of  a  non-electrolyte  is  known  to  lower  the  freezing 
point  1.87**  C.  Thus,  if  blood-serum  ^vee  A  =  0-56°  C,  its  concentration  in 
terms  of  a  gram-molecular  solution  will  be  ^g=,  or  0.3.     In  other  words, 

blood-serum  has  0.3  of  the  osmotic  pressure  exerted  by  a  gram-molecular 
solution  of  a  non-electrolyte,— that  is,  22.32  X  0.3,  or  6.696  atmoe^eres. 

Remarks  upon  the  Application  of  the  Foregoing  Facts  in  Phytiol- 
pgy. — In  the  body  water  and  substances  in  solution  are  continually  pa8»- 
ing  through  membranes, — for  example,  in  the  production  of  lymph,  in  the 
absorption  of  water  and  digested  foodstuffs  from  the  alimentaiy  canal,  in 
the  nutritive  exchanges  between  the  tissue  elements  and  the  blood  or  lymph, 
in  the  production  of  the  various  secretions,  and  so  on.  In  these  cases  it  is  a 
matter  of  the  greatest  difficulty  to  give  a  satisfactory  explanation  of  the 
forces  controlling  the  flow  to  and  fro  of  the  water  and  dissolved  substances. 
but  there  can  be  little  doubt  that  in  all  of  them  the  physical  forces  of  filtratioD 
and  osmotic  pressure  take  an  important  part.  Wtiatever  can  be  learned, 
therefore,  concerning  these  processes  must  in  the  end  have  an  important 
bearing  upon  the  explanation  of  the  nutritive  exchanges  between  the  blood 
and  tissues.  Some  additional  facts  may  be  mentioned  to  indicate  the  appli- 
cations that  are  made  of  these  processes  in  explaining  physiological  phenomena. 

Osmotic  Pressure  of  Proteins. — ^The  osmotic  pressure  exerted  by  crys- 
talloids, such  as  the  ordinary  soluble  salts,  is,  as  we  have  seen,  very  eon- 
siderable,  but  the  ready  diffusibility  of  most  of  these  salts  through  animal 
membranes  limits  very  materially  their  influence  upon  the  flow  of  water  in 
the  body.  Thus,  if  we  should  inject  a  strong  solution  of  common  salt  direcUy 
into  the  blood-vessels,  the  first  effect  would  be  the  setting  up  of  an  osmotic 
stream  from  the  tissues  to  the  blood  and  theproduction  oi  a  condition  d 
hydremic  plethora  within  the  blood-vessels.  The  salt,  however,  would  soon 
diffuse  out  into  the  tissues,  and  to  the  degree  that  this  occurrea  its  effect  in 
diluting  the  blood  would  tend  to  diminish  because  the  part  of  the  saUt  that 
got  into  the  extravascular  lymph  spaces  would  now  exOTt  an  osmotic  press* 
ure  in  the  opposite  direction,  drawing  water  from  the  blood.  This  fact, 
together  with  the  further  fact  that  an  excess  of  salts  in  the  body  is  soon  re- 
moved by  the  excretory  organs,  gives  to  such  substances  a  smauer  influence 
in  directing  the  water  stream  than  would  at  first  be  supposed  when  the  inten- 
sity of  their  osmotic  action  is  considered.  In  addition  to  the  crystalloids  the 
liquids  of  our  bodies  contain  also  a  certain  amount  of  protein,  the  blood, 
especially,  containing  over  6  per  cent,  of  this  substance.  It  has  been  gen- 
erally assumed  that  proteins  m  solution  exert  little  or  no  osmotic  pressun'. 
but  Starling  *  and  others  have  claimed,  on  the  contrary,  that  they  exert  a 
distinct,  although  small,  osmotic  pressure,  and  it  is  possible  that  this  fact 
is  of  special  importance  in  absorption,  because  the  proteins  do  not  diffuse 
or  diffuse  with  great  difficulty,  and  their  effect  remains,  therefore,  so  t*) 
speak,  as  a  permanent  factor.  According  to  Starling,  the  osmotic  pressure 
exerted  by  the  proteins  of  senim  is  equal  to  about  30  mms.  of  mercury.  That 
the  osmotic  pressure  of  the  senim  proteins  is  so  small  is  not  surprising  if  we 
remember  the  very  high  molecular  weight  of  this  substance.  In  serum  the 
proteins  are  present  in  a  concentration  of  about  7  per  cent.,  but  owing  to 
their  large  molecular  weight  comparatively  few  protem  molecules  are  present 
in  a  solution  of  this  concentration  :  and.  assuming  that  the  dissolved  protein 
follows  the  laws  discovered  for  crystalloids,  its  osmotic  pressure  would  depend 
upon  the  number  of  molecules  in  solution.  By  means  of  this  weak  but  con- 
stant osmotic  pressure  of  the  indiffusible  protein  it  is  possible  to  explain 
theoretically  the  fact  that  an  isotonic  or  even  a  hypertonic  solution  of  diffusi- 
ble crystalloid  may  be  completely  absorbed  by  the  blood  from  the  peritoneal 
cavity. 

Isotonic,  Hypertonic,  and  Hypotonic  Solutions. — In  physiologx-  the 
osmotic  pressures  exerted  by  various  solutions  are  compared  usually  with 
that  of  the  blood-serum.  In  this  sense  an  isotonic  or  isosmotic  solution  is 
one  having  an  osmotic  pressure  equal  to  that  of  serum,  a  hyi>ertonic  or  hy- 
perosmotic solution  is  one  whose  osmotic  pressure  exceeds  that  of  senim, 

*  "Journal  of  Physiology,*'  24,  317,  1899. 
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andf  a  hypntnnir  or  hypomnoiip  solution  is  one  whose  oemotio  pressure  !a 
less  than  that  of  Henim. 

Diffusion,  or  Diftlysia,  of  Soluble  Constituents. — If  two  liquids  of 
uneriiml  ronrpiit ration  in  h  Kiven  constitnenl  are  setmruteH^i  by  a  membrane 
entirely  ix?ni)enbte  to  the  dissolveii  molecules  of  tlte  substmue,  a  frrcater 
nuin!»er  of  iIil'-^'  iiioleriilcs  will  pa**s  over  from  tlie  more  mncentrated  to  the 
lens  concentrateil  side,  and  in  time  the  mmposilion  u'lil  Ite  the  same  on  the 
two  side*;  nf  the  tncndirane.  DifTiiNion  of  .•soluble  constituent.-*  continually 
take**  place,  therefore,  from  the  iwint*  of  preatcr  concenirnlion  to  those  of 
le^s,  and  this  may  hup[)en  quite  independently  of  the  direction  of  the  osmotic 
Btream  of  water.  If,  for  in.-ilancp,  a  0.^1  per  cent.  Bolution  of  Bodium  cldorid 
is  injectml  into  the  periuineul  cavity,  it  will  enter  into  diffu.sion  relations 
with  the  blooti  in  the  blooti- vessels:  its  concentration  in  wMlium  clilorid 
l>eing  greater  limn  that  of  the  blood,  the  excei-u  will  tend  to  pajss  into  the 
bloo^l,  while  soilium  carbonate^  urea,  sugar,  and  other  soluble  crystulloidal 
^iubrtaiices  wiU  iia.*w  from  the  blood  into  the  sidfc  solution  in  the  i>eritoneal 
cavity,  'rhrotign  the  at-tiiin  of  tliis  prm-ess  of  difftwion  we  can  mnlerHtand 
how  certain  ^OIl^tiluc^ll^s  of  the  bttxid  may  pass  lo  the  t!NSue«  of  various  elanda 
in  amounts  greater  than  can  l>e  explained  if  we  suppf>sed  that  the  l>'mph 
of  the!<«  tis.'^ues  is  derived  solely  by  filtration  from  the  blood-nlasma.  An- 
other important  conreplion  in  this  coniiecLioii  is  the  |x»«stbility  that  the 
capillary  wallj^  may  Ixj  iK?rmeuljle  in  difrererit  degrees  to  the  variouH  soluble 
constituents  of  the  blootlf  and  ftirtheniiore  the  iK>*wibility  that  the  i«rmea- 
biUty  of  the  cajiillanr'  waU-s  may  var>-  in  different  organs.  With  regard  to 
the  first  possibility  it  has  been  shown  that  the  blood  capillaries  are  more 
permeable  to  the  urea  mole^-ulen  than  to  tiugar  or  XaCl.  With  the  aid  os 
theue  facts  it  ia  ix>s.sible  to  e\f)lain  in  large  mea^urp  the  transportation  of 
material  from  the  blood  to  the  tissuci*,  and  vice  vena.  Kor  example,  to  follow 
a  line  of  reasoning  u.-ietl  by  Hoth  we  may  suppose  that  the  functional  activity 
of  the  tissue  eienieuta  in  attenoed  by  u  consumption  of  material  which  in 
turn  is  made  good  by  the  tlissolved  molecules  in  the  tis^sue  lymph.  The 
concentration  of  the  fatter  i*.  thereby  loweiwl,  and  in  consequence  a  diffu- 
eion  stream  of  the^e  Mjl>stuiu'e8  is  set  up  with  the  more  concentrated  blood. 
In  this  way,  by  difEusjon,  a  con.ftaixt  sunply  of  dissolved  material  is  kept 
in  motion  from  the  bliHKl  to  the  li.sMue  element'^.  <>n  the  other  hand,  tne 
functional  activity  of  the  tinnue  eleinenta  in  accompanied  by  a  breaking  down 
•f  the  complex  protein  molecule,  witfi  the  formation  of  Himi>ler,  more  ittable 
molecules  of  crystalloid  clmructer.  Huch  r«  the  .sulphates,  jihofipliatcA,  and 
urea  or  some  precursor  of  urea.  Ab  thc«c  bodies  past*  into  the  tissue  lymph 
they  teml  to  increase  its  concentration,  and  thus  by  the  greater  osmotic 
preMsure  developed  they  8er\'e  to  attract  water  from  the  IjIcwmI  t*j  the  lymph, 
forming  one  efficient  factor  in  the  production  of  lymph.  On  the  other  luind, 
as  these  substancet*  accumulate  in  the  lymph  to  a  concentration  greater  than 
that  po88es.*!e<l  by  the  same  mihHt4inceft  m  the  blood,  they  will  diffuse  toward 
the  blood.  Uy  this  im-anrt  the  wa-sle  products  of  activity  are  drawn  off  to 
the  blood,  from  which,  in  tvirn,  they  are  removed  by  the  action  of  tlie  excretory 
organs. 

Diffusion  of  Proteins.  This  simple  explanation  on  purely  physical 
grounds  of  the  flow  of  material  between  the  l>loo<J  and  the  tissues  can  only 
be  applied,  however,  at  present  to  the  difTiisible  crystalloids,  such  as  the 
salts.  ur«i,  and  sugar.  The  proteins  of  the  blootl,  which  are  supposed  to 
be  so  important  for  the  nulriiion  of  the  tissues,  are  ornctically  indifTusible 
through  animal  membruru'**.  so  far  us  we  know.  It  is  aifticult  to  explain  their 
paesage  from  the  blood  through  thi*  rapillaiy  walls  into  the  lymph.  Pro- 
visioQally  it  may  be  asauined  that  this  piu^ige  is  due  to  hltration.  The  blood- 
plaiima  in  the  eapillariea  is  undiT  a  slightly  higher  pressure  than  the  lymph  of 
the  tificuee.  and  this  higher  pressure  tends  to  squeese  the  blood  constituents, 
including  tne  pmtein,  through  the  rjmillar>'  walls.  So  far  as  the  protein  nutri- 
tion of  the  tissue**  is  conccnuti.  thr  (iitficulty  in  regard  totheindifTusibility  of  the 
proteins  is  met  by  th*'  nuxlern  conecplion  that  the  digestrNi  protrin  of  the  Uutd 
Circulat<*«  in  the  bIcMifl  :i.s  aniino-acul.'*,  and  is  supplictl  to  the  tissm-s  in  this 
form.  The  amino-acids  have  much  simpler  molecules  and  may  pass  through 
the  c^iUary  walls  by  diffusion. 


h                               ^^^H 

Ajjderhalden  test,  748 

Acid,  oxyphenylaminopropionic,  1009            ^^^| 

AMominiil  respiration,  646 

ox>'pr(ipionic,  793                                            ^^^| 

(j-pr  of  rcsf>Lration,  550 

oxyi^roteic.  8-16                                                 ^^^| 

AbsoJuto  power  of  muscle*  39 

ox.vpyroUidin-e^irhoxylic,  793,  1009              ^^^| 

Absorjition  HM»fri(!icnt,  674 

phenylaininopmpionic,  794,  1009                    ^^^B 

in  larRf  intftntinr.  80fi 

pyrroliiiiii-carlHjxylic,  795,  1O09                      ^^^| 

in  Kinall  intestine,  800 

p>Tuvic,  908                                                     ^^^B 

in  stomach,  785 

taurocholic,  815                                                  ^^^| 

of  carbohydrates,  802 

thiupro  liunie,  793                                               ^^^| 

of  faUs  803 

Acidity,  deliiiitjon  of,  416                                   ^^^| 

of  proteins,  SOT) 

Acroniejzaly,  883                                                  ^^^| 

spectra  of  hemoglobin,  431 

Action  current,  diphasic,  103                              ^^^| 

A-c  interval  (heart),  541 

heart.  542                                                    ^^^| 
in  muscle,  102                                              ^^^| 

Acapnia.  701,  707 

Accelerator  center  for  heart,  595 

in  nerve,  102                                                ^^^| 

nerves,  effect  of,  on  heart-rate,  597 

in  retina,  337                                                ^^^| 

of  heart,  591 

monophasic,  103                                        ^^H 

reflex  slimuliitton  of,  593 

relalion  to  contraction  wave,  105              ^^^B 

Acce3««ry  thyroids,  8*17 

to  ncr\v  impuW-,  105                                ^^^| 

Accommodation  in  eye.  limits  of,  316 

Activation  of  lipa.se,  798                                  ^^H 

mechanifim  of,  313 

of  trypsin,  791                                                  ^^M 

reflex,  326 

Activators,  749                                                    ^^H 

Awtone  bodies*,  016 

Adamkicn^'icz's  reaction  for  proteins,            ^^H 

Achromatic  series  of  visual  sensations. 

^H 

349 

Addison 'it  dis4>a^,  874                                            ^^^| 

vision,  357 

Adenase,  750,  H52                                                ^^M 

Aehroodfxtrinj  7H5 

Adrnin.  65,  H.'>|                                                        ^^M 

Acid  ulbuinin  in  gastric  digestion,  780 

Adenonin,  852                                                           ^^^| 

aceto-acetic,  916 

Adrenal  bodies,  functions  of,  S78                      ^^H 

amino-acetir,  lUli.  1009 

sfvret/]r>'  nerves  of,  878                              ^^H 

aminooaproic,  794,  1009 

Adrenulin,  875                                                         ^^^| 

aminoKlularir,  1009 

Aerijd  {H'rspective,  376                                       ^^^| 

aminopropionic,  793,  1009 

AcrDlomirneter,  676                                             ^^^| 

aminosuceinic,  7(M,  1009 

Affer^Mit  Rbers  in  cranial  nerves,  83                  ^^^H 

aniinothioproiHoiiie.  1009 

jMHfition  of,  in  puNterior  rootH,  82              ^^H 

amino  valerianic.  794.  1<X)9 

va^MKlilatation  due  to,  619                        ^^^| 

aupartic,  794,  1009 

DMrvivGberH,  70                                                   ^^^H 

cholic,  815 

After-imaKc^  in  eye,  352                                    ^^^H 

conjugated  sulphuric,  S08,  855 

A^oaia,  205,  2*^                                                ^^M 

diaminocaproic,  794,  1009 

A^aphia,  221                                                       ^^^| 

glvitjiminic,  794,  1009 

Air,  (^fTe<u  of  variaiionjs  in^  on  re»-              ^^^| 

Klycocholic,  815 

pirations,  705                                                   ^^H 

glyciuYjnic,  90S 

Alanin.  703,  1009                                                 ^H 

Kiianidinaminovalcrianic,  1009 

AJbmnin,  properties  of,  1013.   See  also              ^^H 

hippurie.  S54 

Frotrin                                                                  ^^^H 

imidazolprnpionic.  79.^.  1009 

Album  int  lids,  nutritive  value  of,  901               ^^^| 

indolpropionic,  795,  1(J09 

Albunum,  452                                                      ^^^| 

Isobutylpropionic,  794 

Alcohol  as  food,  926                                                V 

lactic,  64 

efTect  of,  on  gaatric  abaorption,  786                      | 
physiological  action  of,  926 

ox>'aminopropionic,  10^)9 

oxybutyric,  BIS 

use  of,  in  diabetes,  929 

^ 
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Alexia,  221 

Alexins,  425 

Alimentary  canal,  movementa  of,  713 

glycosuria,  802 

principles  of  food,  738 
Alkalinity,  true,  416 

titration,  419 
Altitude,  effect  of,  on  red  corpuscles, 

439 
Amboceptors,  425 
Ametropia,  319 
Amines,  809 

Amino-acetic  acid,  793,  1009 
Amino-acids  as  part  of  protein  mole- 
cule, 793,  1009 
Aminocaproic  acid,  794,  1009 
Aminoglutaric  acid^  1009 
Aminopropionic  acid,  793,  1009 
Aminopurms,  850 
Aminosuccimc  acid,  794,  1009 
Aminovalerianic  acid,  794,  1009 
Ammonia  nitrogen  in  urine,  846 

salts,  relation  of,  to  urea,  847 
Ammonium  carbamate  as  precursor 
of  urea,  848 

carbonate  as  precursor  of  urea,  847 
Amylase,  796 
Amylolyiic  enzyme,  747 
Anacrotic  pulse,  526 
Anaglyph,  379 
Anaphylaxis,  748 
Anelectrotonic  currents,  107 
Anelectrotonus,  87 
Angstrom  unit,  336 
AnisotropouR  substance  in  muscle,  20 
Anode  as  stimulus  to  muscle,  87 
to  nerve,  87 

physical,  93 

physiological,  93 
Anomalous  trichromatic  vision,  354 
Anoxemia,  706 
Anterior  commissure,  187,  217 

roots  of  spinal  nerves,  82 
Antidromic  impulse     in     vasodilator 

nerve-fibers,  82 
Antigen,  424 
Antilytic  secretion,  763 
Antiparalytic  secretion,  763 
Antithrombin,  463 
Antrum  pylori  of  stomach,  719 
Anus  prseternaturalis,  807 
Apex-beat  of  heart,  545 
Aphasia,  motor,  219 

sensory,  221 
Aphemia,  219,  221 
Apnea,  699 
Apraxia,  221 
Arginase,  849 

Arginin,  794,  849,  990,  1015 
Argyll-Robertson  pupil,  327 
Arterial  pressure.     See  Circulation. 
Artificial  muscle  of  Engelmann,  72,  73 


Artificial  respiration,  655,  664 

stimuli  of  nerve-fib€T8,  84 
Ascending  paths  in  spinal  cord,  IGd 
Aspartic  acid,  794,  1009 
A^hyxia,  700 

effect  of,  on  heart-rate,  599 
Aspiratory  action  of  thorax,  661 
Association  areas  in  brain,  223,  225 
system  of  fibers  in  cerebrum,  185 
Astereognosis,  204 
Astigmatism,  320 
Atropin,  action  of,  on  heart,  589 
on  iris,  328 

on  sahvary  secretion,  762 
on  sweat  secretion,  8i54 
Auditory  center  in  oorteXj  212 
nerve,  course  of,  in  bram,  213 

effect  of  secretion  of,  408 
sensations.   See  Ear. 
atrise,  215 
Auricle.    See  Heart. 
Auriculoventricular  bimdle  of  hesrt, 
536,  576 
effect  of  compressing,  577 
node,  538 
Auscultation,  552 
Autacoid  substances,  867 
Autolysis,  961 
Autolytic  enzymes,  750 
Automaticity  of  heart-beat,  569 
Autonomic  fibers  from  brain,  255 
from  sacral  cord,  256 
from  spinal  cord,  253 
ncr\'c-fiber8,  normal  stimulation  of. 

257 
ner\'0us   system,   general   relatione 
of,  251 
Axial  stream   in   arteries  and  veiiu. 

482 
Axon  reflexes,  151 


Bacterial  action  in  intestines,  807 
Balance  experiments  in  nutrition,  893 
Balloon  ascensions,  effect  of,  708 
Barometric  pressures,  effect  of,  706 
Bartholin,  duct  of,  752 
Basilar  membrane,  function  of.  399 
Bathmotropic   nerve-fibers   to  heart. 

585 
Bechterew's  nucleus,  214,  235 
Bell-Magendie  law,  82 
Beri-ben,  904 
Bilateral     representation     in    motor 

areas,  199 
Bile,  composition  of,  813 
curve  of  secretion  of,  820 
effect  of  occluding  bile-ducts,  821 
ejection  of,  into  duodenum,  S20 
functions  of,  summary,  822 
quantity  of,  813 
secretion  of^  818 
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Bile-acids,  composition  of»  815 

Blood -pressure,  relation  of,  to  heart-               ^^^^H 

Bil(^uct,  sphinchT  of,  S21 

^^^^H 

BiU-piKment8,  437,  H14 

Bile-e$aits,  importance  of»  in  fat  diges- 

respiratory waves  of,  662                              l^^^^^l 

ffvstolic,  493                                                    ^^^^H 
Traube-Hering  waves  of,  616                             ^^^^^H 

tion.  804.  822 

Bilirubin,  814 

venouH  and  capilla^^',  507                                  ^^^^^| 

Biliverdin,  814 

BUxxl-^erum,  416,  448                                           ^^^^1 

BinoruUr  T>prspective,  378,  380 

Hndy  etjullibriiini  in  nutrition,  893                      !^^^^^| 

viiiion,  3458 

sense  area,  2(K1                                                        ^T^^H 

horopter  in,  375 

t^'mpcrnture  in  man,  945                                         ^^^H 

BtniKgk'  of  visual  fiplda  in,  375 

UoumunH  thenrv  of  uriimr>*   secre-                       ^^H 

value  of,  in  judgments  of  distance, 

tion,  835                                                                           ^H 

asi 

Brachium  conjuncti^iim,  235                                        ^H 

ofsiie,38l 

pontis,  237                                                                    ^H 

BioloRical  reuchfin,  425 

Brain,  a^tflociation  areas  of,  223                                       ^| 

Birth?*^  ratio  of  male  and  frnialc,  i)99 

auditory  center  in,  212 

Biurf't  reliction  for  proteins,  1012 

center  for  olfaction,  216 

Bladder,  oriiiun.'.  ninvementjf  of,  857 

for  tiuste,  218 

» >Iiincter  of,  857 
eall-,  movements?  of,  820 

ccntert*  affected  in  aphasia,  219,  223 

development  of  cortical  areas,  226 
effect  of  variations  in  arterial  prcs»- 

Blind  siM>t  in  eve,  337 

Blo4xi,  blcxxl-plfttes  of,  phyaiology  of, 

Hure  upon,  630 

444 

hiHtologicul  differentiation  of  cor- 

circulation of.     See  Circulation. 

tex  of,  229 

coagulation  of,  452 

intracranial  pri^ure  in,  628 

condition  of  carbon  dioxid  in.  679 

localisation  of  function  in,  192 

of  nitroffpn  in,  i)76 

motor  areas  of.  MM> 

curve  of  difwocialion  of  oxyhemo- 

regulation  of  c-ir«^ijlation  in,  624 

(Clobin,  678 

Bennory  urea.s  of,  202 

dpfibrinat*Hi,  416 

vancutar  supply  of,  624 

l^opeK  of,  (»ti9 

Brightness  in  visual  HenHationa,  347 

Brneral  propertien  of,  415 
hemoglobin  of.  420 

lironcbi,  capacity  of,  655 
constrictor  and  dilator  fibers  of,  702 

arjiount,  426 

Biilbo«piral  fibers  of  heart,  535 

imliuv,  42C 

hemoIyHis  of  re<i  corpuscles,  421 

histologicjJ  stnieture  of,  415 

Caffein,  925 

leukocytesi  of,  442 

Caisson  di.-*<'ase,  706 

meionectic,  679 

Calcarine  fissure,  relation  of,  to  vision. 

DWfiertic,  679 

210 

nucteoprotein  in,  452 

Calcium,  amount  of.  in  cataract,  924 

oemotic  pressure  of,  422 

saltrt,  effect  of,  on  heart,  570 

pl<v>ne<*tic,  679 

in  curdling  of  milk,  782 

proteins  of,  447,  449 

nutritive  vahie  of,  922 

reaction  of,  4  Hi 

secretion  of,  in  milk,  475 

red  corpuscles  of,  420 

Calorie,  dpfinition  of.  947 

fate  of.  437 

(■alorimeters,  varieties  of,  947 

orif^in  of,  437 

Calorimeiric  equivalent,  949 

rejrenemtion  of,  after  hemorrhage, 

nieiwurenientH,  952 

460 

Culorimetry,  indirect.  960 

Hpeeific  gravity  of,  419 

principles  of.  947 

total  quantity  <if.  468 

Cannidfi,  washout^  491 

transfusion  of,  471 

Capill.Mry  Idotwl-pr'ssure,  499 

BIocHt-pUusma,  cotnposition  of,  447 

electrometer,  construction  of.  98 

Blood-plfltefl,  properties  of,  444 

CJarbohemoglobin,  429 

Blood-pretwure,  4H9 

Carbohydrate,  absorption  of,  802 

diastolic,  493 

as  glycogen  formers,  824 

effect  of  menstruation  upon,  971 

OS  source  of  body  fat.  919 

in  brain,  630,  ti:!l 

fermentation  of,  in  intestine,  807 

in  eapillarif*8,  499 

general  functions  of,  913 

in  man,  >itX),  54)5 

metabohstn  of,  in  body.  907 

mean,  193 
(15 

« 

of  muscle,  63 
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Carbohydrates,  regulation  of  supply 
of,  909 
supply  of,  in  body,  906 
Carbon  dioxid,  action  on  respiratory 
center,  697 
condition  of,  in  blood,  679 
effect  of  J  in  inspired  air,  697,  706 
on    dissociation    of  oxyhemo- 
globin, 677 
on  respiratory  movements,  697 
excretion  of,  through  skin,  865 
in  balance  experiments,  893 
in  saliva,  755 

production  of,  in  muscle,  66 
tension  of,  in  alveolar  air,  681 
in  arterial  blood,  682 
in  tissues,  683 
in  venous  blood,  682 
equilibrium,  893 
monoxid  hemoglobin,  429 
Cardiac  cycle,  556 
glands  of  stomach,  768 
muscle,  properties  of,  58,  573 
nerves.    See  Heart. 
sphincter,  718 
Cardiogram,  546 
Cardio-inhibitory  center,  586 
Camin,  65 
Camosin,  64 
Casein,  782,  986 
Catalase,  743,  751 
Catalysis,  743 

Catelectrotonic  currents,  107 
Catelectrotonus,  87 
Cathode  as  stimulus,  87 

physical  and  physiological,  93 
Centers  in  cerebrum.    See  Cerebrum. 
Central  field  of  vision,  342 
Centrosome,  974 

Cerebellum,   ending  of  spinal  tracts 
in,  172,  236 
experimental  work  upon,  239 
general  functions  of,  241 
localization  of  function  in,  243 
paths  connecting  with  other  parts 

of  brain,  235 
psychical  functions  of,  243 
structure  of,  233 
Cerobrin,  79 
Cerebrogalactosides,  79 
Cerebrosides,  79 
Cerebrospinal  liquid,  62G 

origin  of,  628 
Cerebrum,  association  areas  of,  233 
center  for  hearinp.  212 
for  olfaction,  216 
for  vision,  207 
centers  affected  in  aphasia,  219 
commissural  R>'stem  of  fibers  in,  186 
development  of  cortical  areas  in, 

226 
general  physiology  of,  183 


Cerebrum,  histological  diffefenti&tico 
of  cortex,  229 
histology  of  cortex,  184 
localization  of  function  in,  192 
motor  areas  of,  196 
projection  system  of  fibers  in,  185 
results  of  ablation  of,  190 
sensory  areas  of,  202 
system  of  fibers  in,  185 
vasomotor  supply  of,  632 
Cerumen,  865 

Chemical  heat  r^ulations,  957 
secretion,  gastric,  777 
pancreatic,  791 
Chemotaxis.  126,  976 
Cheyne-Stokes  respiration,  710,  711 
Cholesterin,  78,  811,  817,  865 
Cholic  acid,  815 
ChoUn,  78 

Chorda  tympani  nerve,  294,  753, 755 
Chromamn  tissue,  875 
Chromatic  aberration  in  eye,  319 

visual  sensations,  350 
Chromatolysis,  129 
Chromophile  substance  in  nerve-cells, 

134 
Chromoproteins,  1015 
Chromosomes,  954,  974,  995 
Chronotropic   nerve-fibers  to  heart, 

585 
Chyle  fat,  804 
Chymosin,  782 

Cihary  muscle,  action  of,  in  accom- 
modation, 314 
nerves  to,  324 
Ciliated  epithehum,  58 
Circulating  proteins,  896 
Circulation,  accessory  factors  in,  517 
as  seen  under  microscope,  482 
curve  showing  pressures  in,  494, 497, 

498 
data  concerning  pressures  in  (man), 
505 
mean  pressures  in,  496 
diastole  and  systole  of  heart,  533 
effect  of  adrenal  extracts  upon,  874, 
875 
of  heart-beat  and  size  of  arteriw 
upon,  487 
explanation  of  side  pressure  in,  510 
of  velocity  changes  in,  487 
pressure  in,  511 
factors    of    normal    pressure   and 

velocity  in,  513 
form  of  pulse  wave,  523 
general  curve  of  velocities  in,  487 
statement  of  pressure  relations, 
489 
hydrostatic  effects  upon,  515 
importance  of  elasticity  of  arteries, 

512 
in  brain,  624 
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Circulation  in  kidneys,  841 

Convoluted  tubules  of  kidney,   833,            ^^| 

means   of   dptcrrnining   blood-pres- 

838                                                                  ^H 

sure  in,  489,  ."HX) 

Core-model  of  nerve.  lOS                                 ^^^| 

velotilies  in,  4S5 

Coronorv  artoriet*,  effect  of  occluHion            ^^H 

^rwwure  in  Cdronary  system,  589 

of,  562                                                   ^H 

in  piiltnoimry  Hystem,  518 

vaH^motor  Hupply  of,  622^                         ^^^B 

pulw  presHiirw  in,  493 

Corpora  miadrigemma,  relation  of,  to            ^^^| 
visual  u[)p}U'iLta.>,  208,  211                        ^^H 

regulation  of  b!o(j<]  nupply,  620 

respiralorv   whvos   of  prwsure   in, 

Ptriutn,  functions  of,  231                                 ^^^| 

662 

Cor]>it»  rallosum,  structure  and  func-             ^^H 

syatole  and  diastwlf  of  heart,  5;W 

tion,  230                                                      ^H 

^tolic,  diiistolic,  and  mean  pres- 

luteiirn,  VAy(\                                                       ^^B 

tixiTva  in,  493 

trapeKuideum,  315                                            ^^H 

velocitios  m.  485 

CorresiKmding  point,*:  of  retina,  376               ^^H 
Cort«x   of   cerebnm],   general   phyai-            ^^H 

limo  rffiuinxl  for  complete,  488 
Traube-H<TinK   w.ivea  of   pressure 

olugy  of,  180                                           ^^H 

in.  filfi 

histology  of.  183.  22fj                                 ^H 

velocity  in  capiilari*^,  485 

Corii,  rtxls  of,  392                                             ^H 

in  coronary  rtviit4*ni,  558 

Cortical  tissue,  functional  significance,             ^^H 

in  miin,  48.1 

of,  879                                                              ^H 

in  pulmonary  s>'stem,  518 

Castal  respiration,  650                                              1 

of  pulse  wavo,  521 

CowiJcr'H  glands,  989                                                 J 

Clarke'H  column,  163 

Cranial    nen'es,    afferent    fibers    in, 

CUudication,  iiilcrniiilent.  32 

8;j 

Clotting-     Sep  Vtmgulotion. 

cffiTont  fibers  of,  83 

Coacin.  action  of.  on  iris,  328 

ntirlei  of  origin  of,  245 

Coagulation.  hVyml.  452 

Crani<»HCoi)v.  192 

intravtuiTulrtr,  4*>4 

Crcatin,  64,  S52 

meand  of  hosteninK  and  retarding, 

Creatinin.  64,  852 

465 

Cresol-Hulphuric  acid,  808.  855 

theories  of»  455 

Cretinism,  868 

Cochlea.  TunctionH  of.  398 

Crystalline  tens,  calcium  of,  in  c-atAT-           ^^H 

aennnn.'  ppithflium  of,  392 

act.  924                                                            ^H 

Coefficiorit,  absfirption,  674 

Curve,  eontracti<in,  of  artificiaj  muH-            ^^H 

(cmpfTuttirc,  115 

^H 

C'ofcnnent.  74 J> 

of  arterial  piil.s4\  .')24.  527                          ^^1 

Colli  .Hnotfl  on  skin.  2H0 

of  plain  iiuitfcle,  57                                        ^^H 

Color  blinduL'^**,  354 

of  Kkelr-tai  tuu.scle,  20                                   ^^H 

contra^st^.  353 

dis.sociation  of  oxyhemoglobin.  678             ^^| 

fusion,  3.50 

exten>4ibititv  and  elasticity  of  muH-             ^^H 

aaturation,  3.00 

cte,  20     '                                                         ^H 

ftpnne  of  retina,  357 

^tric  secretion,  777                                     ^^H 

vision,  ihw>rit>?i  of,  300 

mtensity  of  slfH'p,  260                                   ^^H 

Cfimbust  ion  equivalent.^  of  foods,  937 

pum-reatir  si'cretion,  789                              ^^^H 

Comma  tract  of  Sehultze,  180 

pri'^'^iircit  in  vascular  Hy^item,  494,           ^^H 

CommLisural  jiynteni  of  fibers  {eete^ 

^^m 

brum),  IW) 

relations  of  heart  »ound.s,  553,  554             ^^H 

Common  S4'nsuiitiri(*,  272 

respiratory  movejnents,  652                        ^^| 

Compensjitorv-   puiLse    in    heart-beat, 

Hecret  ion  jif  bile,  S20                                          ^^^ 

676 

ByMtolic,  diast<»tio,  and  mefiu  blood-               ^^B 

Comploraental  air,  654 

pressures,  493                                                     1 
veWity  of  hUxxJ-flow,  487                                      ■ 

Complementary  colors,  Sfil 

Com  >ound  rniir^uhir  contractions,  41 
Con(  imeiits,  741,  'J25 

venous  pulse,  52^) 

viwial  acuity  of  retina,  345 

Conditioned  reflexcM,  HK) 

work  of  nmscle.  40 

Conduction  aa  pKywiu logical  property, 

Cycloplegia,  329 

|,              75 

CSratem,  793,  810 

1          direction  of,  in  nerve-filvers,  114 

Cytoayin,  462 

\      Conjugate  foci.  307 

Conjugated  sulphatefl,  855 

1     Contractioir.  17.  32.     See  also  Mutck. 

Dead  spare  of  lungs,  655 
Deomioiiing  enajniies,  748 

1 

1      Contralateral  conduction  in  cord,  176 
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Death  rigor,  chemical  changes  darings 
69 
in  muscle,  52 

theories  of,  1003 
Deep  reflexes,  160 

sensibility,  278,  287,  289 
Defecation,  733 

Degeneration  in  nerve-fibers,  125 
Deglutition,  713 

nervous  control  of.  716 
Deiter's  cells  in  cochlea,  392 

nucleus,  214,  235 
Demarcation    current,    muscle    and 

nerve,  95 
Demilunes  of  salivary  glands,  752 
Depressor  nerve-fibers,  611 

of  heart,  614 
Derived  proteins,  1016 
Descending  paths,  spinal  cord,   178» 

180 
Deuteranopia,  355 
Deutero-albumoses,  780 
De  Vries'  theory  of  mutation,  996 
Diabetes,  909 

mellitus,  910 

pancreatic,  910 

phloridzin,  912 

use  of  alcohol  in,  929 
Dialysis,  definition  of,  1021 
Diaphragm,  action  of,  646 
Diaphit^matic  respiration,  646 
Diaschisis,  195 
Diastase,  747 

discovery  of,  742 
Diastasis  of  heart,  551 
Diastole,  duration  of,  in  heart,  557 
Diastolic  arterial  pressure,  493 

method  of  determining,  in  ani- 
mals, 495 
in  man,  501 
Dicrotic  pulse  wave,  525 
Diet,  accessory  articles  of,  741,  925 

average  daily,  939,  940 

effect  of  reduction  of  salts  in,  922 
Dietetics,  general  principles  of,  939 
Diffusion  circles  on  retina,  313 

definition  of,  1016 
Digestion  in  large  intestine,  806 

in  small  intestine,  787 

in  stomach,  7H4 
Diopter,  definition  of,  317 
Dioptrics  of  eve,  306 
Diplopia.  370,  373 
Direct  field  of  vision,  eye,  342 
Discord,  physiological  explanation  of, 

402 
Dissociation  of  oxyhemoglobin,  678 
Diuretics,  action  of,  840 
Dominant  characteristics  in  heredity, 

997 
Dromograph,  484 
Dromotrupic  nerve-fibers  to  heart,  585 


Dualifltic    theory    (blood-corpuscles), 

442 
Duct  of  Bartholin,  752 

of  Rivinus,  752 

of  Stenson,  752 

of  Wharton,  752 

of  Wirsung,  787 
Dyspnea^  649,  699 
I^praxia,  231 


Eab,    effect   of   section  of   auditon* 
nerves,  408 
of    stimulation    of    semicircuUr 
canals,  407 
Eustachian  tube  of,  491 
Flourens'    experiments    on    semi* 

circular  canals,  405 
functions  in  analysing  sound  waves, 
398 
of  cochlea,  398 
of  ear-bones,  387 
of  sacculus,  412 
of  utriculus,  412 
intrinsic  muscles  of,  390 
Umits  of  bearing,  402 
position  of  bones  in,  387 
projection  of  auditory  sensatioDK, 

391 
semicircular  canals  of,  404 
sensations  of  discord,  402 

of  harmony,  402 
sensory  epithelium  in  cochlea,  392 
structure  of,  393,  399 

bones  of,  387 
theories  of  functions  of  semicircular 

canals  of,  408 
tympanic  membrane  of,  386 
Eck  fistula,  848 
Efferent  nerve-fibers,  79 

occurrence  in  anterior  root«.  81 
in  cranial  nerveSj  83 
Ejaculation  of  spermatic  liquid,  992 
Elasticity  and  extensibility  of  mu.*clp, 

20 
Electrical  changes  in  heart,  541,  692 
in  muscle  and  nerve,  95 
with  reHpiratx)r>'  movements,  692 
Electrocardiograms,  542 
Electrodes,  non-polarizable,  100 

stimulating,  86 
Eleotrolyt^^s,    effect    of,    on    osmotic 

pressure,  1018 
Electrotonic  currents,  107 
Electrotonus,  87 

Eleventh  cranial  nerve,  nucleus  of.  250 
Embryo,  nutrition  of.  979 
Endocrin  system,  866 
Endogenous  fibers  of  spinal  cord.  170 
Encrg>'  of  muscular  contraction,  36 
Enterokinase.  791,  799     * 
Entoptic  phenomena,  366 
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1 

Enxymes,  adenase,  750,  851 

Eye,  acuity  of  vision  in,  343 

■ 

amylase,  796 

after-irnapew  in,  352 

■ 

argmase,  H49 

iLH  optictil  instrument,  306 

chemistry  of,  751 

binocular  Held  of  vision,  372 

■ 

classification  of.  746 

perspective,  378 

■ 

deamtnizinK,  748 
definition  o  ,  746 

chromatic  aberration  in,  319 

color  blindnctjs  of,  354 

■ 

endoenxyines,  746 

contraate  in,  353 

■ 

enterokinase,  791,  709 

viiiion  in.  349 

■ 

en^in,  796,  800 

eompleim-ntary  colorSj  351 

■ 

exoeuzyme:*.  746 
gnneral  proiKTlies  of.  748 

corresponding  points  in,  372 

^ 

dark  adaplt-d.  :i.{?>.  346 

1 

jfiycolytic,  750 

diffuHion  circles  in,  313 

KUttna.se»  750,  H52 

diplopia  in,  370,  373 

J 

historicjil  iiccoutit  of,  741 

direct  held  (»f  vision  in,  342 

1          intracellulur,  901 

entoptio  phenomena  in,  366 

■ 

inverting,  800 

far  i>oint  of  <lirt(inct  vision,  316 

W 

'          lipase,  797 

fun{rtii>n  of  cones,  358 

nuclease,  750 

of  nxls,  35S 

1 

of  muscle,  65 

funtlampntnl  cfjlor  sensations,  351 

ojodaaefl,  748,  962 

horopter.  375 

pepsin,  778 

imlin-ct  fielrl  of  vision  in,  342 

peroxiclas<«,  962 

inversion  of  imiij^e  in,  311 

protective,  747 

light  a<lnpltHl,  338,  347 

ptyalin,  765 

reflex  in,  32ti 

r«min,  782 

movemcnti^  of,  368 

reversible  react  iooa  of,  744 

nmsf'ular  inMufficiency,  370 

specificity  of,  745 

nature  of  visual  stimuli,  338 

trypsin,  792 

near  point  of  dintinct  viHion,  316 

Epicntic  wenstition^  279 

nodal  poiiil  of.  310 

8*?nsibiUty,  278 

ophth/ilinoscopic    examination    of, 

^^ 

Epijt€»ne»iH,  90<i 

331 

■ 

Epinephrin,  879 

optical  <lcfecl»  of.  319 

■ 

increajietl,  effect  on  hpart-bcat,  600 

deliLsioti?*,  3H2 

phyHioloRical  iictitm  of,  *S76 

physics  of  formation  of  image  in, 

H 

Erection,  physioloRy  of,  991 

309 

■ 

Erepsin,  80f)" 

qualities  of  visual  iwnaations.  349 

ErKOKTanh,  47 
Erythrjblii8ti^,  4;i9 

rechiCTsl  Hchcmatic  (Lwting),  310 

■ 

refractive  power  of,  317 

■ 

Eo'throcytes.      See     Red    blood<or- 

size  of  retinal  images,  312 

■ 

pwtele^. 

spherical  jibernition  in,  319 

Erythrodextrin.  7tW 

8teref»Kcopic  visiun»  37S 

H 

E^erin,  action  of,  on  iris,  328 

etrtijcgle  of  visual  fields,  375 

Ethereal  milphates,  STyFy 

mipprcKsion  of  visual  itnages,  375 

1 

Eupnea,  640 

theorie^^  of  color  vision,  360 

Eustachian  tube,  391 

threshold  siimulus  of,  345 

Evolution,  hvpothwifl  of,  in  hert?dity, 

visual  field  of,  340 

^^ 

994 

juii|tnicnt,s,  376 

M 

ExivK*'"'J»i-s  (iIhts  in  *<ijinal  cord,  170 

purple  of,  338 

^ 

Exophthalmic  (coitcr.  871.  872 

Eye-muficles,  action  of,  368 

1 

Exninition.     StM*  aluo  Rcitpiratvm. 

( 

ui'tinition  of,  645 

<'xpirat*)ry  center.  694 

Facial  nerve,  dilator  fibers  in,  616 

muscles  of,  (US 

nucleus  of,  249 

Expired  air,  composition  of,  665 

Far  point  of  distinct  vision,  316 

injurious  effects  of,  ti66 

Fat.  absorption  of.  SfW 

Extensibility  of  nniscK  20 

as  glycogen  fonner,  826 

Extensor  thnif*t  reflex,  158 

di^CEition  of,  797 

Eye,  abnormalitiefl  in  refraction  of. 

ID  stomach.  786 

319 

excessive  formation  of,  in  obesity. 

ttccommofhit  ion  in,  313 

919 

action  tif  (Ini^  upon,  328 

1 

in  bile,  818 

1 

ii 
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Fat,  metabolism  of,  in  body^  915 

mode  of  oxidation  of,  in  oody,  916 

nutritive  value  of,  914 

of  chyle,  804 

origin  of,  from  carbohydrates,  918 
in  body,  917 
Fatigue  in  nerve-fibers,  117 

muscular,  49 

of  olfactory  organs,  303 

theories  of,  70 

toxin,  71,  668 
Feces,  composition  of,  810 
Fermentation  in  intestine,  807 

of  carbohydrates  in  small  intestine, 
803 
FermentSj  historical  account  of,  741 
Fertilization  of  ovum,  976 
Fertilizin,  978 

Fibrillary  contractions  of  heart,  563 
Fibrin  ferment,  preparation  of,  456 

relations  to  blood-clot,  452,  453 
Fibrinogen,  450 

preparation  of,  455 
Fictitious  meal  (Pawlow),  774 
Fifth  cranial  nerve,  247 
FiUet,  lateral,  215 

median,  204 
Fistula,  Eck's,  848 

gaU-bladder,  813 

stomach,  771 

Thiry-Vella,  798 
Flavors,  740 

dietary,  importance  of,  925 
Flechsig  s  myclinization  method.  165 
Fluorid  solution,  effect  on  clotting,  467 
Food,  composition  of,  740 

definition  of,  740 

potential  em'rg>'  of,  935 
Foodstuffs,  definition  of,  740 
Fourtli  cranial  nerve,  nucleus  of,  247 
Fovea,  center  for,  in  occipital  cortex, 
211 

of  retina,  size  of,  343 
Franklin  theory  of  color  vision,  364 
FreezinK-jwint,  method  of  determin- 
ing. 1019 
Fumiic  glands  of  stomach,  768 
Fundus  of  stomach,  719 


Gall-bladder,  functions  of,  820 

ner\-es  of,  821 
Galviinonu'ter,  construction  of,  96 

d'Arsonval,  97 

string,  99 
Gases,  laws  governing  absorption  of, 
673 

of  blood,  (MiO 

pressure  of,  673 

tension  of.  in  solution,  674 
Gm^-pump.  670 
Gastric  glands,  768 


Gastric  glands,  histolopcal   changes 
in,  during  secretion,  769 
secretory  nerves  of,  774 

secretion,  acid  of,  772 
chemical,  777 
composition  of,  770,  771 
curve  of,  777 
means  of  obtaining,  770 
nervous,  777 

normal  mechanism  of,  775 
Gelatin,  histoty  of,  as  a  food,  902 

nutritive  value  of,  902 
Genital  organs,  vasomotor  supply  of, 

636 
Germ  plasm,  definition  of,  1001 
Gigantism^  883 

GUds  penis,  sensibility  of,  280 
Gliadin,  nutritive  value  of,  903 
Globin^  426.  1015 
Globuhcidal   action   of   blood-serum, 

423 
Globulins,  general  properties  of,  1014 
Glomerulus  of  kidney,  functions  of, 

836 
Glossopharyngeal  nerve,  dilator  fibers 
in,  616 
nucdus,  249 
Glucosamin,  1011 
Glutaminic  acid,  794,  1009 
Gluteins,  1014 
Glutolin,  452 
Glycin,  793,  1009 
Glycocholic  acid,  815 
Glycocoll,  793,  1009 
Glycogen,  amount  of,  in  liver,  823 

discovery  of,  823 

glycogenic  theory,  826 

importance  of,  in  embryo,  980 

in  muscle,  63.  828 

loss  of,  during  muscular  contrac- 
tions. 67 

metabolism  of,  in  body,  914 

origin  of,  824 

supply  of,  in  body,  906 
Glycogenase,  750 
Glycogenesis,  909 
Glycogeno  lysis,  909 
Glycolysis  of  sugars  in  body,  908 
Glycoproteins,  1013 
Glycosuria,  909 

alimentary,  802 
Glycylglycin,  1010 
Glyoxalase,  907 
Gmelin's  reaction  for  bile-pigment*, 

814 
Goiter,  exophthalmic.  871,  872 
Golgi's  nerve  cells,  second  tj'pe,  133 

pericellular  ner\'e  not,  135 
Graafian  follicle,  structure  of,  965 
Gram-molecular  solution,  1018 
Growth,  1001 
Guanase,  750,  852 
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Guonin,  65,  S51 

Heart,  refractory  period  of,  575 

Guanoflin,  852 

t*equence  of  beat  of,  576 

Ouddcn's  commissure,  209,  216 

[soundM  of,  552 
suotion-puiap  action  of,  560 
systole  ami  diastx)le  of,  533 

HAJUllo^nf,  physiological  cniiHe  of,  402 

time  relations  of,  557 

Haurttral  nhuraing,  732 

systolic  plaleau  of  beat,  548 
theories  of  inhibition  of,  589 

Hearing.     See  Ear. 

rurtioal  renter  of,  212 

third  N>und  of,  555 

limits  of,  402 

tonic  irdiibition  of,  587 

Heart,  acc^^lerator  (vnter  for,  595 

tonicity  of  musele  of,  579 

nerves  of,  591 

vai^omotorr*  of,  t'>22 

1 

action,  curroiil  of,  542 

ventricle  of,  in  systole,  544 

of  inhibitory  nerves,  5St 

ventricular  ontptjt  of,  549 

analysis  of  inhibition,  5.S3 

volume  curve  of,  549 

apex-beat  of.  545 

W(trk  done  hv,  557 

f 

auriculoventrteular  bundle,  536,  576 

Ilenn-hlock.  578 

■ 

autoimiticity  of.  .5(14 

Heart-niui*cle,   general  properties  of, 

1 

capacity  uf  "vent rick's  of,  557 

58,  573 

' 

cardinc  nrnes  of,  course,  581 

Heat  cr<*nters,  957 

cardiogram,  o4H 

(•quivalent  uf  fiioilstuffs,  936 

cardioinhibitory  center  of,  580 

loss  of,  physiological  regulation  of, 

:i 

causation  *jf  b<'at,  5<>4 

953 

chanRc  in  form  of  ventricle  in  aj's- 

nervefl,  957 

tob,  544 

protiurlion  in  hydrolyhis,  935 

' 

compensator^'  pause  of,  576 

phyMological  regulation  of,  955 

contraHion  wave  in,  540 

puncture,  958 

coronary  circulation  in,  559 

regulation,  chemical,  957 

1 

course  of  cardiac  nerves,  581 

general  statement  of,  953 

dc]>n«»or  nei^r*'  of,  (>I4 

physical,  954 

dia.sta^ta  of,  551 

rigor  of  muscle,  53 

1 

diastole  and  systole  of,  533 

sexual,  in  lower  animal*(,  968 

time  re1ation.s  of,  557 

Helnihnkz  theor>'  of  color  vision,  361 

effect  of  calcium  upon,  570 

He^veg'i^  bundle,  spinal  cord,  181 

of  dnip  on,  5SI) 

of  iwHusion  of  coronaries  upon, 

Hematin,  427.  436 

Hematoidin,  437 

5fi2 

Hetnat()iH>ietic  tismic,  438 

of  iM>tai<sium  utHm.  570 

Hemat(JiM>rphyrin,  437 
Ilenierali^pia  (night-blimlnoKH),  360 

of  mNlium  u[>on,  570 

electrical  rhaoRfH  in^  541,  692 

Hemituiopia  (qua^^lrant),  211 

(vcupe  from  inhibition,  .>S5 

Hem  in.  436 

events  of  a  cardiac  cylc.  55*> 

Hemiplegia,  IDS 

fibril!ar>'  conlrtwtionSj  5«>3 

Hemoehromogen.  426.  437 

i' 

jji.Ktorit-al  aromnt  of  beat  of,  565 

HemoclrouKJgra  ih.  484 
Hemoglobin,    absorption   spectra   of. 

'i 

inhibition  of  auricle,  oHS 

;i 

of  ventricle,  585 

431 

intravcdtricular  pnt*sure  during  Hva- 

compounds  of,  with  carbon  dioxid, 

toie,  547 

429 

intrin>*ic  ner\TS  of,  566 

monoxid,  429 

maximal  contractions  of,  573 

nitric  oxid,  428 

niuHcutature  of,  533 

ox>'gen,  428 

myogenic  theory  of  beat  of,  567 

rendition  of.  in  corpuiwles,  420 

negative  prt^wur**  in.  MiO 
neurogenic  th*N)ry  of  boat  of,  5W> 

rrvHtaU  of,  430 

II 

curve  of  dtHHociation  of  ox>'hemo- 

, 

rate  of  beat  ha  aftertx'd  by  age.  596 

globin,  678 

by  b((X>d-^>r*'ji.Hure,  597 

derivative  comiwunds  of,  436 

:i 

by  intrinmc  ner\'e«,  597 

iron  in,  429 

by  muHCular  exercifte,  598 

nature  and  amount  of.  426 

, 

by  jtex,  590 

Hemolysina,  natural  and  acquired,  423 

by  aixe,  596 

HemolyMis,  421 

by  ten»perature,  599 

Hemopha^,  438 

reflex  acceleration  of  beat,  593 

Hemophilia,  454 

■i 

< 
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Hemorrhage,  effect  of,  469 
Heredity,  definition  and  history,  994 
Hering  theory  of  color  vision,  362 
Hexon  bases,  980 
Hippuric  acid,  854 
Histidin,  795,  1009 
Histohematins,  437 
Histons,  991,  1014 
Hofacker-Sadler  law,  1000 
Homoiothermous  animals,  945 
Homolateral  conduction  in  cord,  176 
Hordein,  nutritive  value  of,  903 
Hormones,  776 

stimulation  of  kidneys  by,  843 
Horopter,  375 
Hunger,  sense  of^  290 
Hunger-contractions,  725 
Hydrocele  liquid^  450 
Hydrochloric  acid,  combined,  in  gas- 
tric secretion,  772 
function  of,  in  peptic  digestion, 

780 
in  gastric  juice,  772 
Hydrogel,  452 
Hydrogen  exponent,  418 

ion  concentration,  418 
Hydrolysis,  748 

heat  energy  of,  935 
Hydrostatic  factor  in  circulation,  515 
Hyperglycemia,  909 
Hypermetropia,  321 
Hyperpnea,  699 
Hyi)ertension,  879 
Hyperthymusism,  872 
H)T>erthyroidismj  871 
Hypertonic  solutions,  1020 
Hypnotic  sleep,  269 
Hypnotoxin,  266 

Hypoglossal  nerve,  nucleus  of,  250 
Hypotension,  879 
Hypotonic  solutions,  1020 
Hypoxanthin,  65,  850 


Identical  points  of  retina,  372 
Identity    theory    of    nerve    impulse, 

123 
Immune  body,  425 
Incongruence  of  retinas,  373 
Indican,  855 
Indirect  calorimetry,  950 

field  of  vision,  eye,  342 
Indoxyl  sulphuric  acid,  808,  855 
Induction  coil,  24 
Inert  layer  in  circulation,  482 
Inheritance,  Mendchan,  997 
Inhibition,  escape  from,  in  heart,  585 

of  heart,  581 

of  knee-jerk,  156 

of  reflexes,  147 

of  respiratory  movements,  691 

reflex  of  heart,  586 


Inhibition,  theories  of,  589 
Inhibitory  theories  of  sleep,  265 
Inotropic  nerves  to  heart,  585 
Inspiration.    See  also  Reapiratwn, 
definition  of,  645 
increased  heart-rate  during,  664 
means  of  producing,  646 
muscles  of,  648 
Inspired  air,  composition  of,  665 
Intermediary  metabolism  of  carbohy- 
drates, 907 
of  fats.  915 
of  nucleoproteins,  851 
of  proteins,  895 
products  of  muscle  metabolism,  67 
Intermittent  claudication,  32 
Internal  secretion,  adrenals,  874 
definition  and  historic  acooust, 

866 
liver,  867 
ovary,  886 
pancreas,  887 
testis,  884 
thyroid  tissues,  867 
sensations,  273 
Interrenal  sjrstem,  874 
Interstitial  tissue,  885,  987 
Intestinal  movements,  effect  of  vari- 
ous conditions  upon,  730 
secretion,  798 
viilij  movements  of,  729 
Intestines,  bacterial  action  in,  807 
large,  movements  of,  731 
nervous  control  of  movements  of, 

730 
reaction  of  contents  of,  808 
small,  movements  of,  725 
Intracellular  enzymes,  961 
Intracranial  pressing,  628 
Intra-ocular  pressure,  330 
Intrapulmonic  pressure,  657 
Intrathoracic  pressure,  658 
origin  of,  660 

variations  of,  with  forced  breath- 
ing, 659 
Intraventricular  pressure.  547 
Introductory  contractions  of  muscle, 

34 
Invertase,  750,  800 
Involuntary  muscle,  55 
lodothyrin,  869,  871 
Iris,  action  of  dru^  upon,  328 
antagonistic  action  of  muscles  upon. 

325 
muscles  and  nerves  of,  324 
Iron,  effect  of  removal  of  spleen  on, 
831 
in  hemoglobin,  429 
salts,  source  and  nutritive  impor- 
tance of,  922 
Irritability,  definition  of,  23 
of  muscle,  23 
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'      Irritability  of  nerve-fil>era.  84 

Leucin,  794,  lam                                           ^H 

laodynannc  equivalent  of  foodstuffs, 

Leukocytes,     effect     of     hemorrhage             ^^H 

940 

upon,  471                                                        ^^H 

laoleucin,  794,  IO(W 

functions  of,  443                                            ^^M 

Isometric  museuhir  rontraetiony,  28 

Htrueture  and  classitication,  442                 ^^H 

Isotonic  miisculur  cotitractionH,  28 

variations  in  number  of,  443                        ^^H 

solutioae,  definition  of,  1020 

Leydig's  cells,  885                                            ^^1 

Isotropous  substance  in  muscle,  20 

Liebennanti's    reaction    for    proteins,             ^^H 

^H 

Liebig'5    classification    of    foodstuffs,            ^^H 

Jacobson,  nerve  of,  752 

^H 

Judgments,   visual,   of  diBtoncc   and 

Ltght-refiex  m  eye,  326                                  ^^H 

Hize,  381 

Lipase,  747                                                         ^^m 

I)erspective  or  solidity,  376 

activation  of,  798                                           ^^H 

in  pancreatic  secretion,  796                          ^^B 

reversible  reaction  of,  744                             ^^| 

Kenotoxin,  71,  668 

Lipoids,  77                                                          ^^H 

Keph&Un,  464 

Kidney,  action  of  diuretics  on,  840 

Lii^auer,  tract  of,  168,  169                             ^^H 

LL^ting':^  law,  370                                                 ^^M 

blood-flow  through,  841 

scheiuatic  eye,  310                                          ^^H 
Liver,  acids  of,  815                                                  a 

oompotiition  of  aecpetion  of  (urine), 
843 

bile  pi^menia  of,  814                                                ■ 

function  of  convoluteti  tubulfis,  838 

formation  of  urea  in,  82U                                    m 

of  glnmenilu*,  836 

glycogen  of,  823                                                        ^ 

secretion  of  urine  in,  834 

^lyoogenic  action  of,  826,  827 

stimulation  of.  by  honuones,  843 

internal  secretion  of.  S67 

structure  of,  833 

puLse,  528                                                        ^^ 

KinaA*.  749 

quantity  of  bile,  813                                       ^^H 

Kjeldnhl't*  method  for  detennination 

secretion  of  bite,  818                                      ^^M 

of  nitrogen,  846,  81>2 

Localization  of  function  in  cerebellum,            ^^H 

Knee-jerk,  conditions  influencing,  159 

243                                                            ^H 

definition  of,  155 

in  cerebrum,  192                                         ^^M 

explanation  of,  157 

Localizing  power  of  nkin,  283                           ^^M 

reinftircement  of,  155 

Locke's  f4>l^tirm,  571                                            ^^H 

use  of,  as  dia^ostic  sign,  160 

Ixicomotor  ataxia,  171                                       ^^m 

Liidx^-ig  theor>'  of  urinary  secretion,            ^^B 

834                                                                   ^H 

Labor,  ptivsiology  of.  982 

Luminosity  of  visual  Hensalions.  347              ^^M 

Lactic  floid[  in  muscle,  54 

Lungs,  gaseous  exchanges  in.  681                     ^^| 
total  surface  of,  645,  68:^                               ^H 

increase  of,  during  contractions, 

64,67 

vasomotors  of,  62:3                                         ^^H 

Laked  blofnl.  421 

Lymph,  action  of  lymphogogues,  475              ^^H 

Langerhans,  islnndH  of,  888,  889 

circulation  of,  638                                             ^^H 

Large  intestine,  digestion  and  absorp- 

fortnalion of,  474                                           ^^H 

tion  of  food  in,  SOU 

sununary  of  factors  concerned  in            ^^H 

movements  of,  731 

formation  of,  478                                       ^^H 

Larynx,  reflex  effeiits  from,  on  respi- 

Lymphoblast^i, 443                                            ^^H 

rations,  693 

Lymphocytes,  442                                             ^^H 

Latent   period    of   muscular   oontrae- 

LyHin,  794,  1009,  1015                                      ^H 

tion,  27 

^^H 

Law  of  constant  energy  consumption. 

^^H 

1005 

Macrophaos,  438                                           ^^m 

^owi;h-quotient,  10O5 

Macular  field.  343                                              ^H 

of  mtesline.  726 

Maltaae.  750,  765.  796,  800                              ^^ 

of  siirface  area,  953 

Maltose.  766,  79(i                                                         1 

Lea<l   rtulpUid   reaction   for  proteins, 

Mammary  glimdn,  conditmns  control-                     " 

1013 

Ling  secretion  of,  983 

Lecithin.  78,  818 

structure  and  functions,  983 

aj*  complement,  425 

Manometer,  Hiirthle's,  495 

UM'jthoproteinH,  1016 

maximum  an<l  minimum,  495 

Lemniscus,  lateral^  215 

use  of,  ftir  determining  blood-pres- 

median, 20^1 

sure.  4HU 
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Mast-cells,  443 
Mastication,  713 
Mathematical  perspective,  377 
Mean  blood-pressure,  494 
Medulla  oblongata,  245 
physiology  of,  875 
respiratory  center  in,  685 
Medullary  stnse,  215 

tissue,  functional  significance  of,  878 
Meionectic  blood.  679 
Mendelian  law  of  inheritance,  997 
Meningeal  spaces,  626 
Menstruation,  967 
effect  of,  on  other  functions,  971 
physiological  significance  of,  971 
Mercury  manometer,  use  of,  for  blood- 
pressures,  489 
Mesectic  blood,  679 
Metabolism,  definition  of,  891 
intermediary,  of  carbohydrates,  909 
of  fats  915 
of  nucleoproteins,  851 
of  proteins,  895 
Metaproteins,  1016 
Metathrombin,  464 
Methemoglobin,  435 
Methylglyoxal,  907 
Methylpurins,  851 
Microphage,  444 
Micturition,  physiology  of,  856 
Milk,  composition  of,  985 
Millon's  reaction  for  proteins,  1012 
Minimal  air,  654 
Miosis,  definition  of,  328 
Molisch  reaction  for  proteins,  1013 
Monakow's  bundle,  180 
Motor  aphasia,  219 
areas  of  brain,  196 
paths  in  spinal  cord,  178 
points  in  man,  92 
Mountain  sickness,  706 
Movements  of  alimentary  canal,  defe- 
cation, 733 
deglutition,  713 
large  intestine,  731 
mastication,  713 
small  intestine,  725 
stomach,  720 
vomiting,  735 
Mucin  in  saliva,  755 
Muscarin,  action  of,  on  heart,  589 
on  iris,  32H 
on  sweat-glands,  864 
Muscle,  absolute  power  of,  39 
action  current  of,  102 
artificial  stimulation  of,  24 
carbohydrates  of,  6;? 
cardiac,  properties  of,  58,  573 
chemical   changes   of,    in   contrac- 
tion, 66 
composition  of,  61 
compound  contractions  of,  41 


Muscle,  contraction  of,  25 

wave  of,  35 
contracture  of,  32 
curve  of  work  of,  40 
death  rigor,  52 
demarcation  current  of,  95 
direct  irritability  of,  23 
disappearance  of  glycogen  in,  67 
effect  of  temperature  upon,  29 

of  veratrin  upon,  31 
efficiency  of,  as  work-machine,  38 
energy  Uberated  in,  36 
Engdmann's  artificial,  72,  73 
enzymes  of,  65 
ergographic  records  from,  47 
extensibility  and  elasticity  of,  20 
fatigue  of,  35  49,  70 
glycogen  of,  828 
heat  rigor  of,  52 
inorganic  salts  of,  65 
intrwluctory  contractions  of,  34 
isotonic  and  isometric  contractioitt 

of,  28 
lactic  acid  of,  64 
latent  period  of  contraction  of,  27 
maximal  and  submaximal  contne* 

tions  of,  29 
myogenic  tonus  of.  57 
neurogenic  tonus  of,  57 
nitrogenous  extractives  of,  61,  64 
number   of   stimuli   necessary  for 

tetanus,  45 
pale  fibers  in,  19,  26 
pigments  of,  65 
plain,  55 
plasma,  19,  61 

production  of  carbon  dioxid  in,  65 
proteins  of,  61 
red  fibers  in,  19,  26 
sarcoplasm,  19 
simple  contraction  of,  25 
smooth,  55 
stroma,  62 
structure  of  fiber,  18 

by  polarized  hght,  19 
siunmation  of  contractions  of,  43 
theories  of  nature  of  contraction, 

72 
tone  of,  during  contraction,  44 
tonicity  of,  51 
vasomotor  supply  of,  637 
voluntary  contractions  of.  45 
w^hite  and  red  fibers  of,  19 
Muscle-sense,  cortical  area  for.  203 
importance  of,  in  visual  judgments, 

377 
paths  for,  in  spinal  cord,  172.  174 
quality  of,  289 
Muscular  contraction,  electric^il  varia- 
tion in^  105 

intermediary  chemical   products 
in,  66 
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Muscular  insufficienry  in  movements 

Nerve-cell,  neuron  doctrine,  12ft 

■ 

of  eyo-balLn,  :J70 

reaction  r>f,  13l>                                   ^h 

^H 

or  deep  wnsibility,  2S7 
work,  erffjct  (if,  on  licart-rHtp,  a9S 

refractor>'  {hti^mI  of,  139                  ^M 

^H 

summation  of  stimuli  in,  138         ^B 

^H 

on  physioloKicil  oxiiiationrt,  930 

varieties  of,  i;i! 

^H 

on  protein  mKnlx>lL'*ni,  931 

Nen'c^-fibers,  action  current  of,  102 

^M 

on  rewpiratorj*  moveni^'nts,  704 

afferent,  and  efferent,  79 

■ 

Mut^ical    HouniU,    cla^sitioutiu»    and 

antxtal  and  cathodal  stimulation  of, 

H 

proi>ertie«  of^  3tW 

87 

^t 

MuULlions,  thmrii-H  ttf,  9^ 

antidromic  impulses  in,  82 

^M 

Mytlriasin,  drfinitiou  of,  328 

artificial  Htimuli  of,  84 

^M 

Myelin  sheatli  of  n<?rve-fib«rs»  func- 

auton'Kcncralion of,   127 

^M 

tion  i)f,  7n 

chemistry  of,  77 

^1 

Mvvlimzation    method    of    Flechsig, 

classiHcatif»n  of.  HO 

l64,  220 

core  moiirl  of,  lOH 

Myeloblasts,  443 

dt^Kcnerution  and  regeneration  of. 

Myenteric  reflex,  726 

125 

MyofibrilUe  (of  plain  muscle),  55 

demarcation  current  of,  95 

Mvogen,  (52 

dirtH^tion  of  conduction,  114 

fibrin.  t>2 

du  Iit>iit-Ui>vinond's  law  of  stimu- 

Myotonic theory  of  heart-beat,  567 

lation,  Si>" 

tonus,  rtl 

electrical  stiirmlution  of,  in  man,  93 

Myohc'iiiiitin,  437 

elcctrotonic  curr*'nt«  of ,  107 

Myopia^  321) 

elect  nritonus  of,  87 

Myosin,  62 

imtnib*c  in,  historical,  HO 
inilcpondent  irritability  of,  K4 

fibrin,  62 

Myxedema,  868 

mctaholirtni  in,  during  activity,  119 

myelin  sheath  of,  70 

nutritive    relations    to    nerve-cells, 

Narcosis,  effect  of,  upon  nerve  im- 

123 

pulsCrllfi 

openinjj  and  closinK  tetanus  of,  90 

Near  point  of  tllHtinci  vision,  316 

Pfliig*>r*ft  law  of  .stimulation  of,  92 

Negative  prt'^^^ur*/  in  thorax,  6o8,  6tK) 

wtimulation  of,  in  mim,  90 

in  ventricle,  otK) 

stnicluH'  of,  75 

variation  in  muscle  and  nerve^  102, 

unipolar  methcwf  of  fltimutating,  91 

103 

Nerve-ijcouW,  hisloriral,  UO 
motabolism  durinp^  119 

Nerve,  nb<lucens,  nucleus  of,  249 

aU(litor>\  213 

tntMfifiratioti   of.   t^y   various  influ- 

chorda tympani.  2^H,  753,  755 

ences,  \US 

facial,  nucleus  of,  249- 

qualitative  changes  in,  80,  122 

fourth  cranial  nucleus  of.  247 

relation  of.  to  action  current,  105, 

ffloaaopharyngeal,  nu(;]euH  of,  249 
heniorrlioidalw  inftrior,  733 

114 

theories  of,  120 

hyiwglossai,  nucleus  of,  250 

velocity  of.  111 

motor  and  senwiry  roots  of,  SI 

Nervi  erigenfcs,  2.56,  617.  630 

olfactory,  216 

Nervtajs  si^crction,  gastric.  777 

optic,  20*S 

pancreatic,  791 

pudcndu.s,  73;i 

Neurogenic  theory  of  heart-beat,  566 

reriurent,    sensibility    of    anterior 

tonus,  57 

riHits,  .S2 

Neuron  doctrine,  129 

sei'XPtory,  of  adrenal  glands,  878 

Neurons,  varietii's  of,  131 

spinal  iicccssonr*,  nucleus  of,  250 
third  cranial,  nucleus  of,  246 

Nicotin,  action  of,  on  salivary  secre- 

tion, 762 

trigeminal,  mirlf^us  of,  247 

on  sweat  «»rretion.  863 

twelfth  rranial,  nueloiw  of,  250 

use  of,  in  tracing  autonomic  fibers, 

vagu.«,  nticlcuH  of,  241) 

2M 

Nerv(v*i'U.  chrtHnatolysi.^  of,  128 

Xighl-hlimlnptw,  hemeralopia,  360 

cla^iUcation  of,  in  npinal  cord,  162 

Ninhydrin  reaction,  for  protein,  1012 
Ninth  cnmial  nerve,  nucleus  of,  249 

di^'nnrative  cliauKcs  in,  127 

gencTal  phyrtuil(jg.v  of,  135 

Nissl's  CTJintih^,  134 

mtemal  structure  of,  134 

Nitric  oxid  hoTnoKlobin.  129 

metaboh-Hui  in,  138 

Nitrogen,  cuudition  of,  iu  bloo<l,  670 
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Nitro^n,  determination  of,  892 

equilibrium,  891 
effect  of  non-protein  food  on,  894 

excretion  in  urine,  845 
NitrogenouB  extractives  of  muscle,  66 
Nodal  point  of  eye,  312 
Non-polarizable  electrodes,  100 
Norleucin,  794 
Normoblaists,  439 
Nuclease.  750 

Nucleo-albumin  in  bile,  818 
Nucleoproteins,  1015 

in  blood.  452 

intermediary  metabolism  of,  851 


Obesity,  physiological  cause  of,  919 
Ohm's  law  of  composition  of  soimd 

waves,  397 
Olfaction,  end-organ  for,  299 

mechanism  of,  300 
Olfactometer,  304 
Olfactorv  associations,  305 

bulb,  histological  structure  of,  217 

center  in  cortex.  216 

nerve,  course  of  fibers  of,  in  brain, 
218 

organs,  fatigue  of,  303 

sensations,  classification  of,  301 
conflict  of,  305 
Qualities  of,  301 
tnreshold  stimulus,  303 

sense  cells,  300 

stimuli,  nature  of,  301 
Oncometer,  841 
Oocytin,  978 
Ooeonia,  975 
Ophthalmometer,  334 
Ophthalmoscope,  331 
Opotherapy,  866 
Opsonins.  444 
Optic  chiasma,  decussation  in,  209 

nerve,  course  of  fibers  of,  in  brain, 
208 

radiation,  209 

thalamus,   functions  of,   in   vision, 
212 

tracts,  structure  of,  209 
Optical  deceptions,  382 
Optograms  on  retina,  339 
Orthodiagram,  545 
Orthodiagraph,  545 
Osmosis,  definition  of.  1016 
Osmotic  pressure,  definition  of,  1017 
determination  of,  1019 
of  blood,  422 
Oval  field  of  Flechsig,  180 
Ovaries,  internal  secretion  of,  886 

relation  of,  to  menstruation,  970 
Overtones,  production  of,  397 
Ovulation,  966 
Ovum,  fertilization  of,  976 


Ovum,  implantation  of,  in  uterus,  978 
maturation  of,  974 
passage  of,  into  uterus,  973 
Oxalate  solutions,  effect  of,  on  coagu- 
lation, 467 
Oxidases,  748,  959 
Oxidations,  theories  of,  959 
Oxygen,    action    of,    on    re^ir&tory 
center,  696,  705 
compound  of,  with  hemoglobin,  428 
condition  of,  in  blood,  676 
effects  of  varying  pressures  of,  od 

respiration,  705 
potassium  ferricyanide  method  of 

determining,  671 
tension  of,  in  alveolar  air,  681 
in  tissues,  683 
in  venous  blood,  681 
Oxygenase.  962 
Oxynemogtobin,  428 
Os^iolin,  795, 1009 
Os^roteic  acid,  846 
OsQrpurins,  850 


Pacchionian  bodies  of  brain,  627 
Pain  sense,  distribution  and  charac- 
teristics of,  286 
localization  of,  286 
path  for,  in  cord,  174 
Pains,  hunger-,  725 
Pale  fibers  of  muscle,  19,  26 
Pancreas,  action  of  lipase  in,  797 

anatomy  of,  787 

curve  of  secretion  of,  789 

digestive  action  of  secretion,  792 
on  carbohydrates,  797 

internal  secretion  of,  887 

normal  mechanism  of  secretion,  790 

secretory  nerves  of,  788 
Pancreatic  secretion,  chemical,  791 

nervous,  791 
Paraglobulin,  450 
Paralysis  (motor),  198 
Paralytic  secretion  (saliva),  763 
Parapeptone,  780 
Paraphasia,  220 
Parathyroid,   structure  and  function 

of,  868,  869 
Parthenogenesis,  978 
Parturition,  physiology  of ,  982 
Pendular  movements  (intestine),  725 

sound  waves,  395 
Pepsin,  778 

discovery  of,  742 

properties  of,  778 
Pepsin-hydrochloric    acid    digestion. 

780 
Peptids,  796,  1010 
Peptone,  780 

absorption  of,  in  stomach,  786 

effect  on  clotting  of  blood,  468 
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Peptozym,  4ti8 
Poricarfiia]  liquid,  450 

Potential  encr^  of  food,  935                         ^^H 

Preeipitins,  1011                                                    ^^M 

1      Perimeter.  342 

Predicrotie  ]>ulKe-wa%'e,  525                               ^^^1 

Periphertti  field  of  viBion,  342 

PrpKaf^jebonic  nerve-tibers,  252                       ^^H 

rofluitancc  in  circulation,  614 

Pre^rnancy,  chanKen  in,  981                               ^^^| 

,      PcristaUiij,  725 

Prep>Tamidal  tracts,  180                                    ^^H 

Peroxidases,  962 

Presbyopia,  316,  321                                         ^^M 

j       Perspiration.     See  S^oeat. 

Press-juice,  746                                                     ^^H 

\      Peltenkofer's  renction,  816 

Preiwor  ner\'e-fiberfi.  Gil                                   ^^| 

1      PfluKor's  law  of  siimuliilion,  88 

Pressure  of  Ka.s*»s  in  solution,  674                      ^^M 

tetanus^  90 

Heane,  dee)),  279                                                 ^^H 

Phnj£(^>cyt<^s,  444 

dif«tribution  of,  283                                    ^^M 

Phenolsulphuric  acid,  855 

loctiliKinK  [X)wer.  etc.,  283                        ^^M 

Phenomenon  of  conditioned  reflexes, 

Primary  proteojte^,  780                                     ^^H 

190 

Principal  axin  of  lens^  307                                 ^^B 
focal  dlHtance.  307                                         ^^H 

Phenvlalanin,  794,  lOflO 

Phlorhizin  diabetes,  912 

Projection  syHtem  cif  fibers  (brain) ,  185            ^^| 
ProlamincH,  UK4                                                ^^H 

PhoHplmtiJH,  7S 

Pho»phoprotein,H,  1016 

Prolin,  795,  1(K)9                                                ^H 

PhrenoIoK>\  192 

IVt>peptone.  7  SO                                                    ^^< 

Phrenwin,  79 

Prostate  Rknd,  9fi9,  992,  093                                   ] 

Physical  heat,  reflation,  954 

Protalbumows,  780                                                    T 

PhysioloKicjil  diplopia.  373 

Protamins,  990.  1014 

oxidations,  theories  of^  959 

Protanopia,  355 

Lttvoiaier'a  work,  541,  944 

Proteases,  747 

point  (vwion),  344 

Protective  enaymes,  748 

cialine,  423 

Proteins,  absoqjtion  of,  in  intestine. 

PhysoHtinmin,  action  of,  on  iris,  328 

805 

Pilocarpin,  action  of,  on  heart,  589 

adeaunte.  901 

as  glycogen  formers,  825 

on  iritf,  328 

on  sahvary  glandd,  253 

circulating,  896 

on  K\veat  glands,  864 

clasHificalion  of,  1013 

Pineal  body,  HS4 

definition  and  wtructiire  of,  1009 

Piqiire,  909 

diffusion  of,  1021                                               ^^m 

Pituiian'  body,  stnicture  and  firnc- 
tionfi  of.  880,  H83 

excretion  of  nitrogen  of,  845.  846                ^^H 

^•neral  reaclionn  of,   1011                              ^^H 

eiTect-s  of  removal  of.  882 

m  biOfxi-plaHma,  449                                        ^^H 

eatracti*  of  anterior  lobe  of,  882 

inadequate,  901                                              ^^H 

poHtpric^r  lohe  of,  881 

neeeflHar%'  amount  of,  in  diet,  898               ^^M 

Placent-a,  funetionn  of,  979 

938,  939                                                           ^H 

Plain  inu>icle,  55 

normal  met.iholism  in  body,  895                 ^^M 

Phwmfi  fif  blood,  composition  of,  447 

nutritive  viilue  of,  901                                     ^^H 

PleonMtio  blood,  B79 

of  mUHcle,  61                                                       ^^^| 

Plethy^-mofcraphy,  004 

osmotic  pressure  of,  1020                                ^^H 

Pneumo(ra.Htric  nen'e.     Sec  Vagus. 

putn-faetion  of.  in  large  intestine,             ^^H 

PnrumoKraph,  r)5l 

HOS                                                               ^H 

Pneuniolliorax,  (W)] 

Bpeciiie  dynamic  action  of,  905                     ^^H 

Poikilothennous  niiimnK  945 

storage,  sm                                                          ^ 

Potnr  bcMiios  of  o\niiiu  975 

synthejtis  of,  in  body,  805                                    J 
Proteolytic  enzymes,  747                                  ^^fl 

Potyprptiii.  79«>.  1010 

Po?*itive  electrical  variation  Jn  heart, 

Proteose^  1016                                                  ^^M 

590 

general  prop^Tties  of,  781                                ^^^B 

Posterior  funiculi,  descending  tract** 

Protopathu'  M-nsationB.  279                                     1 

of.  177.  ISO 

sensibility.  27H                                                       ^ 

Irncta  of,  160 

Proxiriiiiti-  principles  of  food,  738 

root,  cells  of.  ori^iin  nf,  H.'i 

Psychopliyyinil  hiw,  275 

Kanglia,  type  of  pells  in,  131 

Ptomaine's.  S09 

termimttion  in  eord.  108 

Ityalin.  755 

PoKtRangl ionic  nerv^'^fiberp,  252 

action  of,  in  stomach,  724,  766 

PotasKium  ferricyanide  method  of  de- 

digestive action  of,  765 

termining  oxygen,  671 

effect  of  various  conditions  upon, 

BalUf  action  of,  on  heart,  570,  601 

766 
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Pubertal  gland,  885,  987 
Puberty,  967,  987 

Pulmonary   arteries,   vasomotors  of, 
623 

circulation,  peculiarities  of,  518 
variations  of,  pressure  in,  519 
Pulse,  anacrotic  waves  of,  526 

catacrotic  waves  of,  525 

form  of  wave,  524 

general  statement,  520 

varieties  of,  in  health  and  disease, 
627 

velocity  of  propagation  of,  521 

venous,  528 
Pulse-preasure,  493 
Pulsus  irregularis  perpetuus,  563 
Purin  bases,  64,  850 
Purkinje,  images  of,  314 

phenomenon,  349 
Putrefaction  in  intestines,  808 
Pyloric  glands  of  stomach,  768 

secretion  of,  779 
Pyramidal  tract  in  brain,  197 

in  spinal  cord,  178 
Pyrrol  compoimds  in  protein  mole- 
cule, 795 
Pyrrolidin-carboxylic  acid,  795,  1009 
Pyruvic  acid,  908 


Quadrant  hemianopia,  211 
Quotient,  respiratory,  708 


Reaction  of  degeneration,  93 

time,  112 
Reactions,  biological,  425 
for  proteins,  1011 
Gmeiin's,  814 
of  blood,  416 

of  contents  of  small  intestine,  807 
of  urine,  843 
Pettenkofer's,  816 
Recessive   characteristics   in   inherit- 
ance, 997 
Reciprocal  innervation,  148 
Recurrent  sensibility  of  anterior  roots, 

82 
Red  blood-corpuscles,  chemical  com- 
position of,  448 
condition  of  hemoglobin  in,  420 
effect  of  hemorrhage  upon,  438 
hemolysis  of,  421 
number  and  size  of,  420 
origin  and  fate  of.  437 
variations  in  number  of,  439 
fibers  in  muscles,  19,  26 
Reduced  hemoglobin,  428 

schematic  eye,  310 
Reflex  actions,  axon  reflexes,  151 
classification  of,  142 
conditioned,  190 


Reflex  actions,  definition  and  hi8to^ 
ical,  140 
deep,  160 

unconditioned,  190 
extensor  thrust,  158 
from  parts  of  brain,  149 
influence  of  condition  of  cord  on, 
149 
of  sensory  endings  upon,  145 
inhibition  of,  147 

of  heart,  586 
knee-jerk,  155 
myenteric,  726 

of  erection  and  ejaculaticHi,  992 
of  respiratory  center,  688,  692 
of  vasomotor  nerves.  611 
preparation  of  reflex  frog,  142 
reflex  arc,  141 
respiratory,    from   noee,  laiynx, 

and  pharynx,  693 
special  and  deep  reflexes  of  cord 

160 
spinal  reflexes,  142 
tneory  of,  144 
through  peripheral  ganglia,  ISO 

vasodilator  nerves,  618 
time  of,  146 

Torek's  method  of  studying,  149 
special  spinal,  160 
spinal,  142 
Refractive  power  of  eve,  317 
Refractory  period  of  heart-beat,  575 
of  nerve-cell,  139 
of  nerve-fiber,  1 19 
Regeneration  in  nerve-fibers,  125 
Remforcement  of  knee-kick,  155 
Reproduction,  changes  during  preg- 
nancy, 981 
in  uterus  in  menstruation,  96S 
chemistry  of  spermatozoa,  990 
determination  of  sex,  999 
erection,  991 

fertilization  of  ovum.  976 
functions  of  placenta,  979 
general  statements,  964 
growth  and  senescence,  1001 
heredity,  994 

implantation  of  ovum,  978 
mammary  glands,  983 
menstruation,  967 
nutrition  of  embryo,  979 
ovulation,  965 
parturition,  982 
pn)perties  of  spermatozoa,  988 
relation   of   ovaries   to   menstrua- 
tion, 969 
structure  and  functions  of  corpus 
luteum,  965 
of  Graafian  follicles,  965 
Residual  air,  654 

Resonance,   importance  of,   in  func- 
tions of  ear,  398 
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Reepiralion,  abdominal  type,  650 

Respiration,  pneumothonix,  iMM 

acapnia,  701.  707 

ri'flex    ytinmlation    of    n-spiratory 

acoosBory  centers  of,  in  the  brainy 

center,  6S8 

695 

relation  of  vagus  nerve  to  ,  689 

respiratory  movements.  651 

residual  air.  654 

anntomy  of  "thorax,  644 

reMpiriitor>'  center,  t585 

apnea.  699 

(juotient,  70H 

artificial.  655.  664 

waves  of  blood-pressure,  662 

a.sphyxia,  7(X) 

secretion  of  Rases  in  lungs,  683 

a^pir^lo^y  action  of,  o!i  blooil-flow, 

spinal  respiratory  centers,  686 
supplemental  air,  654 

661 

automatic    action     of     reripiratory 

tension  of  gases  in  alveolar  air,  682                     * 

wjiter,  (W7 

in  arterial  hloott,  682 

bronrhoconHt  rictor    and    broncho- 

in  tLssucv,  liSi 

iUbtor  fiU-rn.  702 

in  venoiw  blood,  682 

czUorimet^T,  950 

tidal  air,  654                                                                < 

rapaciiy  of  the  bronchi.  666 

viiUie  of  nitrogen  in,  676 

chamber,  SW3 

ventilation,  prineiples  of,  666 

chemical    <'om[MJsition    of    inspired 

vital  capacity.  65:i 

ivnd  pxiiirefi  air.  tVWi 
Cheyn(--8Uik4v*  tysM-  of,  710,  711 

volumes  of  air  respired.  652 

voluntar>'  control  of.  693 

complementa!  air,  654 

oonaition  of  carbon  dioxid  in  blood, 

Respiratory  renter,  685,  694 

nutomatie  activity  of,  687 

679 

normal  stiiriuluM  of,  695 

coital,  650 

reflex  stiiimlution  of,  697                                    1 

definition  of  inHpiration  and  expira- 

movement^*,  eUt^trical  changes  in, 

tion.  645 

692 

dissociation  of  oxj'hemoglobin,  678 

quotient,  70S 

dyspnea,  049,  699 

effect  of  anemia  upon.  711 

waves  of  filtHxl-pri'ssure,  662 

Resliform  body.  2li5 

of  chan(?e8  in  baromftrie  preHSure 

Retina,  action  current  of,  337 

ujwjn,  706 

acuity  of  virion  in,  343 

m  roll  I  losition  of  air.  705 

after-images  from,  352 

of  nmscu  ar  work  iii>on,  704 

coJ<ir-hlindncsH  of,  354 

exchunge  of  niL'»es  in,  iyCuy 

iontrjistjH  in,  353 

forced.  (i49 

vision  in.  349 

ga*«M>n8  exchange  in  lun^p*.  681 

c«rr<vponding  |H>int*i  of,  372 

Rases  of  blfKHi,  669 
hifitor>'  of,  t»40 

distribution  of  color  sense  in,  357 

entoptie  jihenomena,  366 

hj-perpnea,  699                          ^ 

function  of  rotls  and  cones  of,  358 

increa^eil  heart-rate  durinR  inwpira- 

fun<Iamental    and    complementary                     ' 

tion^  576 

colors,  351                                                            I 

injurious  effect  of  expired  air,  666 

light   adapter!   and    dark    adaptwl,                       ' 

intrapulmonic  preaenre,  657 

:i4t) 

intrathoracic  pressure,  658 

|M)rtion  of,  stimulatwl  by  light,  336 

mechaniam  of  inspiration,  646 

prtijection  of,  on  occipital  lobi*s,  210                     ■ 

mcthoils  of  n'conlmg,  (>51 

<|uiilitics  of  visual  setisations  from, 

minimal  air,  654 

349 

nKKHfie<l,    respiratory    movemcntj^. 

size  of  fovea  in,  343 

710 

(heories  of  cf)Ior  vision  in.  360 

mountain  sickness,  706 

threshold  Ktinmlus  of.  345 

muscles  of  expiration,  648 

visual  purple  of,  'A'M 

of  innpiration,  ti4H 

Rctinosc<.ipe,  3:i3 

negative  pressure  in  thorax,  659 

Hevcrsibh'  rhcmiral  reactions,  744 

nijrraal  wtimuluH  of,  695 

Kheoscopic  frf>K  preparation,  104 

ventilation  of  atvpoli,  655 

Hhociopjiin,  liliK 

of  Rwalluwinjt,  715 

Ribs,  action  of,  in  inj*niration,  647                             : 
Rice,  relation  to  beri-lnTi,  904 

origin     of     neKative     pressure     in 

thorax,  *MM> 

Rigor  of  mii-Mcle.  52,  68 

physical  Ihtnjrj'  of,  680 

Ringer's  solution,  571 

phv8iologicai  anatomy  of  organs  of. 

Ritler's  UManus.  90 

644 

Rivinu-s,  ducts  of.  752 
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Rods  and  cones  of  eye,  functions  of, 

358 
Romberg's  symptom,  240 
Rubner's  laws  of  growth,  1005 

surface  area  law,  953 
Rubrospinal  tract,  180,  199 


Sacculus,  fimctions  of,  412 
Saliva,  chorda,  756 
composition  of,  755 
digestive  action  of,  765 
general  functions  of,  767 
secretory  nerves  for,  755 
sympathetic,  756 
Sahvary  glands,  action  of  drugs  upon, 
762 
anatomical  relations,  752 
histological   changes  during  ac- 
tivity, 759 
structure  of,  752 
normal  stimulation  of,  763 
secretory  centers  for,  764 
nerve-fibers  of,  756 
theory  of  secretory  nerves,  758 
Salts,  absorption  of,  in  stomach,  786 
excretion  of,  856,  922 
general  nutritive  importance  of,  922 
Sarcolactic  acid,  64 
Sarcostyles,  19 

Sebaceous  glands,  secretion  of,  864 
Secondary  axes  of  a  lens,  308 
degeneration,  nerve-fibers,  124,  164 
proteoses,  780 
Secretin,  gastric,  776 

pancreatic,  791 
Secretion,  752 
internal,  866 
paralytic  (saliva),  763 
of  bile,  818 
of  gastric  juice,-  774 
of  intestinal  juice,  798 
of  pancreatic  juice,  788 
of  saliva,  755 
of  sebaceous  glands,  864 
of  sweat,  861 
of  urine,  834 
Secretogogues  of  gastric  glands,  776 
Secretory  nerves  of  salivary  glands, 

755 
Semicircular   canals,   direct   stimula- 
tion of.  407 
Fluorens  experiments  upon,  405 
structure  of,  404 
temporary  and  permanent  effects 

of  operations  on,  406 
thoories  of  functions  of,  408 
Seminal  vesicles,  function  of,  989 
Senescence,  1001 
Senses,  classification  of,  271 

cutaneous  and  internal,  278 
Sensibility,  muscular,  287 


Sensibility  of  glans  penis,  279 

protopathic  and  epicritic,  278 
Sensory  aphasia,  221 

areas  of  cortex,  202 

paths  in  spinal  cord,  169,  172 
Sequence  of  heart-beat,  576 
Senn,  793,  1009 
Serodiagnosis,  748 
Serozym,  462 

Serum,  action  of  foreign,  423 
Serum-albmnin,  449 
Serum-globulin.  450,  1014 
Seventh  cranial  nerve,  nucleus  of,  249 
Sex,  determination  of,  999 
Sexual  infantilism,  883 
Side-pressure  in  blood-vessels,  510 
Sinoauricular  node,  537 
Sinospiral  fibers  of  heart,  535 
Sixth  cranial  nerve,  nucleus  of,  249 
Skatoxylsulpburic  acid,  855 
Skeletsd    muscular    tissue,    structure 

of,  17 
Skiascope,  333 
Skin,  excretory  functions  of,  860 

sweat  glands  of,  861 
Sleep,  changes  in  circulation  during, 
261 

curves  of  intensity  of,  260 

effect  of  sensory  stimulation  during, 
264 

hypnotic,  269 

metabolism  during,  933 

physiological  phenomena  of,  258 

theories  of,  265 
Small  intestine,  absorption  in,  800 
Smegma  prscputii,  865 
Smell,  center  for,  in  brain,  216 

end-organ  of,  299 
Smelling,  mechanism  of,  300 
Sodium  chlorid,  nutritive  value  of,  922 

salts,  effect  of,  on  heart-beat,  570 
Somatoplasm,  definition  of,  lOOt 
Sound,  sensatioas  of.     See  Enr. 

waves,  nature  and  action  of,  394 
overtones  of,  397 
simple  and  compound,  395 
Specific  energj'  of  taste  sensations,  297 

gravity  of  olood,  419 

nerve  energies,  doctrine  of,  122,  273 
of  cutaneous  nerves,  281 
Spectra,  absorption,  blood,  431 
Spectroscope,  432 
Spermatozoa,  chemistry  of,  990 

maturation  of,  988 

properties  of,  988 
Spormin,  884 

Spherical  aberration  in  eye,  319 
Sphincter,  cardiac.  718 

external,  of  anus,  733 

ileocecal,  731 

internal,  of  anus,  733 

of  bile-duct,  821 


iNDra!^^^^^^BB^J^io4i    ■ 

Sphinrtrrof  bbiMiT.  S5.S 

Sininni!ir.  AKi                                             ^^ 

Sphyuinopriiphy.  .VJ.S 

Subliuiiiiiil  r^tnnultiM.  .'Mfi                       ^^^B 

SphvK>"t»iii]Lnninrl<'rs  fnr  HctcrinininK 

Subiiiaxiltarv  ganglion,  752                 ^^^H 

ItfiMMi-im.ssiirt'  iri  riiiiii,  ofMl                ' 

HubNtrata,  74ti                                         ^^H 

Spinal  cunl  :im  path  nf  coiKhirlion,  102 

Succus  nntvricuA,  798                            ^^^H 

cittfisification  of  Inn'ts  in,  Ki') 

Sugar   juncture,  909                                ^^^H 
regiilation   of   supply   of,   in   bmiy.^^^B 

efTn^l  of  ri'inovinn.  l*>'i 

jcrmTiil    rcLiliniis    nf    (tray    mui 

IMKl                                                              ■ 

whito  rnutliT  in,  HVI 

Sugars.     St»c  <'ftrfH>h^/'frate.s.                          H 

Kr"iip.H  (if  ct'lls  in,  iiV2 

Sulphur,  forms  in  which  excreted,  S55        H 

lIHwrfi's  himdlo  in,  ISl 

Summation  nf  ntuscuhvr  contract ion-s,        H 

lioinolfttcml     HHfi     i'ontmlulJ^rii! 

I 

cruKlurlion   in,    176 

of  stimuli  in  nrrvc-ocnter«.  138               H 

less  well-known  tnirl.'*  of.  ISO 

Su]>*'rior  olivary  bo<iy,  rclatioD  of,  to       ■ 

Mdiiakow's  biiit«lh>  in,  IsO 

auditory  paths,  '215                                    H 

piiths  in,  for  rutancoiis  irnpul-^'H, 

Supjilcmeiital  air,  ti54                                   ^t 

174 

Surt;icc  area  law,  953                                     ^M 

pyramidal  tracts  of,  IS() 

Swallowing,  713                                              ^ 

n*Hox  nolivitio.s  f>f,  140 

rt»«piralion.  715 

tonic  activity  of,  i;V2 

Sweat,   an»ount  and  compoHitinti  of, 

tract.s  of,  in  birfrnl  fiinimli,   172 

Sfil 

in  posterior  funiruli,  \iV.) 

nervo-ccntcrB  for,  864 

in  whitr  inattrr,  Kio 

nerves,   action  of,   in  hral  regula- 

veHtihuIo.-pinal tr:u-t,  iSl,  23,'> 

tion,  954 

rt'flox  Minveineiits,  142 

scrretorj'  (itM'r«  of,  802 

n'flcxr-s,  142 

Sympathetic  nervous  t*ystcm,  g(»ncnil 

in  nianuiials,  145 

relations,  251 

rt-Hpirat^try  contor,  686 

resonanet',  398 

Hpin>rMet4T,  iW>3 

SyntiHun.  "SI 

Spl(*<*n,  phy.'^o!op>'  of,  S3() 

Systole,  duration  of.  in  heart,  557 

S(4inniu'<,  Hrst  linaturt^  of,  .578 

Systolic  arterial  fjn-ssure,  493 

StuiKxiiuM  niusclr,  fuuclion  of,  3(M) 

dctcnuination  of,   in  aniniab. 

Stan-ation,  t^fTcct  of.  on  b<Mlv-inetal>- 

495 

oILsm.  0:i4 

in  m:iii,  5tK) 

St<:*ap«in.     Stv  LifHue, 

plateau  of  ventricular  contraction, 

SLonaon's  duct,  752 

548 

St-creognot^tic  porcoption,  204 

Stereoacopic  vi.-*ion,  378 

Stotho.Hr<»rM»,  552 

Taueh  dorsalis.  171 

Stiffl's  fiKtirr,  3:«» 

Tactile  diseriminalion,  175.  286 

Stitimlantfl,  741 

IfvaliBation.  2.S6 

mitriiive  importanci'  of,  925 
Stimuli,  artilinal,  of  miwrlo,  24 

Tustc  buds,  29t') 

center  for,  in  hr.'iin,  218 

oi  ni'rvr,  S4 

nerves  of,  21M 

Stok(*s-Adanis  Hyndronn',  57S 

sensations,  chussificntion  of.  2Wi 

Slokca'  reducing  aRcnt,  4.^4 

spp*Mfic  enerjo'  of,  2!»7 

Stomach,  uhnorption  in,  7S5 

t  mvhold  stimulus,  299 

anatomy  of,  719 

»4'n.s<'  of,  294 

automa'ticity  of.  724 

Mimuli.  mfnle  of  action,  298 

dijicsiion  in,  784 

TcH'torial  menibranp,  400 

plandhof,  76S 

TemjiiTalure.     Sfv  Hcai. 

liisi/tioKJcal     chauEC^s     in,     durinu 

coelhcient.  115 

activity,  7(iO 

etTwt  of,  on  bo<lv  niclulxihsm,  9.33 

means  of  obtainiiin  scrn'tion  of.  770 

lid  gitscs  in  solution,  673 

nicrhaninm  of  ga'^tric  secretion.  773 

on  heart-rate.  (HK> 

movcinentt*  of,  72(» 

on  muscular  contraction,  29 

musculature  of,  720 

of  human  IhxW,  946 

pmixTtii'i^  of  pepsin  of,  778 

sense,   distribution  and  charactej^ 

s<KT(*t<)ry  nerve's  f»f,  774 

istics,  2K0.  282 

Storage  proteins,  SOfi 

path  fur,  in  -spinal  cord,  174 

StrabiRmuH,  ;J70 

|mnctiform  distribution  of.  280 
Tension  of  gaaic**  in  solutif»n,  674 

String  Ralvanometcr,  09 

1 
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Tensor  tympani  muuclc,  function  of^ 

394 
Tenth  cranial  nerve,  nuclcas  of,  249 
Testis,  internal  secretion  of,  884 
Tetanus,  number  of  stimuli  necessary 
for,  45 

of  muscle,  41 

opening  and  closing,  90 
Theobromin,  851,  926 
Thir<i  cranial  nerve,  nucleus  of,  246 

heart  sound,  555 
Thirst,  sense  of,  292 
Thorax  as  closed  cavity,  644 

aspiratory  action  of,  661 

normal  position  of,  645 

origin  of  negative  pressure  in,  660 
Thrombin,  456 

method  of  obtaining,  457 
Thrombogen,  457 
Thrombokinase,  461 
Thromboplastic  substances,  460 
Thrombosis,  454 
Thyroid,  extirpation  of,  868 

function  of,  871 

internal  secretion  of,  867 
Tidal  air,  654 

Tigroid  substance  in  nerve-cells,  134 
Tissue  protein,  896 
Tissues,  exchanges  of  gases  in,  683 
Titration  alkalinity,  419 
Tone  (musical)  of  muscular  contrac- 
tion, 44 
Tonicity  of  heart-muscle,  579 

of  muscle,  51 

of  ncTVc-centors,  KW 
Ton(>rnet<'r,  675 
Tonus,  myogenic,  57 

neurogenic,  57 
Touch  sense,  path  of,  in  cord,  174 
Tract  of  Lissauer.  1*)8,  169 
Tracts  in  cen^belluin,  235 

in  spinal  cord,  1()5 

of  Klechsig,  1(>7 

of  (lowers,  167 

of  llehveg  (olivospinal).  ISl 

of  Monakow  (rubrospinal).  ISO,  109 
Traube-Iiering  waves.  (U6 
Trei)pe  in  inus<'ular  contractions,  31 
Trigeminal    nerve,    area   of   distribu- 
tion of,  247 
nucleus  of,  247 
Tritanopia,  355 
Trojiliic;  nerve-fibers,  salivar>'  glamls, 

758 
Trypsin.  747,  792 
Tryptophan.  7t»r> 

Tiirek's  metli<M|  for  reflex  time,  149 
Twelfth    cranial    nerve,    nucleus    of, 

251 
Tvinpanic  membrane,  386 
Tyrosin.  794.  1009 

reagent,  1012 


Unconditioned  reflexes,  190 
Uni[x)lar  metho<l  of  stimulation,  91 
Unitarian   theory   (blood-corpuscles), 

443 
Urea,,  formation  of,  in  liver,  829 

origin  and  significance  of,  817,  1009 
UreUirs,  contractions  of,  857 
Urethra,  sphincter  of,  858 
Uric  acid,  64,  850 
in  spleen,  832 
significance  of,  850 
Uricolytic  enzyme,  852 
Urinar>'  bladder,  movements  of,  857 
nerves  of,  859 

pigments,  845 
Urination,    physiological    mechanism 

of,  857 
Urine,  composition  of,  843 

nitrogenous  excreta  of,  845 

origin  of  acidity  of,  840,  843 

reaction  of,  843 

secretion  of,  834 
pressure  of,  838 
Uterus,  changes  of,  during  menstrua- 
tion, 968 

effect  of,  on  mammary  glands  9S3 
Utriculus,  function  of,  412 


Vaous   nerve,    action  of,   on  gastric 
secretion,  774 
on  heart,  581.     See  also  In- 
hibition, 
on  pancreas,  788 

:u*  motor  nerve  to  stomach,  724 

nucleus  of,  249 

relations  of,   to  respiratory  cen- 
ter. 089 
Valin.  793.  1(X)9 

Viisoniotor  fibers,  centers  f<»r.  in  coni, 
615 

in  brain,  634 

to  pulmonary  arteries,  *i23 
nervM's,   action   of.    in    heat    reeula- 
tion.  954 

course  and  distrihutiini.  tlO(>.  tipi 

general  properties  of  dilators.  (iI7 

history  of  (iiscov4Tv  of.  tMrj 

methods  us<mI  toih'monstrate.  (MK5 

of  heart.  ()22 

position  of  constrictor  center.  tWW 

reflex  actions  of.  61 1 

rhythmical  action  of  constrictor 
renter,  tilo 

to  abdominal  <irgans.  (VJ6 

to  dilator  center  and  reflexes,  CIS 

to  genital  organs,  63t) 

to  head,  t>34 

to  kidneys.  S41 

to  skeh'tal  tnusel<*s,  r>;}7 

to  trunk  and  limbs,  635 

to  veins,  t>38 
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Vaflomotor   nerves,  tonic  activity  of, 

Veins,  vasomotor  supply  of,  638 
Velocity  of  blood-fiow.     See  Circular 
tion. 

prettsure  in  blood-ve«Hel«,  511 
Venous  blood-prcssurcH,  507 

cistorti,  517 

pulse,  52S 

in  brain  ninuHCH,  031 
Vontilution,  principl<w  of,  666 
Ventricle.     See  Heart. 
Veratrin,  effect  of,  on  muscle,  31 
Vemix  cusoohh,  865 
Vwtibular  nerve,  214 
Ve»«tibulo8pinal  tract  of  spinal  cord, 

181j235 
Villi,  intestinal,  movements  of,  729 
Vision.    See  Eye  and  Retina, 
Visual  acuity,  343 

center  in  cortex,  207 

field,  binocular,  372 
monocular;  342 

fields,    conflict    of,    in    binocular 
vision,  375 

purple,  338 


Vital  capacity,  653 
Vitamine,  740,  904 
Volume  curve  of  heart,  549 
Voluntary  muscular  contractions,  45 
Vomiting,  735 


Wallerian  degeneration,  124,  164 

Warm  Ki»ots  of  skin,  280 

Water,  absorption  of,  in  stomach,  786 

excretion  of,  856 
WebtT-Fechner  law,  285 
Wharton's  duct,  752 
Wirsung,  duct  of,  787 
Work  done  by  contracting  muscle,  40 


Xanthin,  65,  850 

oxidase,  852 
Xanthoproteic  reaction  for  proteins, 
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Ztmogbn,  749 
granules,  760 
Zymoids,  746 
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Crile  €f  Lower's  Anoci-Association 

Anoci- Association.  By  George  W.  Crile,  M.  D.,  F,  R.  C.  S.,  Pro- 
fessor of  Surgcr>\  and  Wji.liam  E.  Lower,  M.  D.,  Assistant  Professor 
of  Genito-Urinary  Surgery,  Western  Reserve  University.  Octavo  of 
275  pages,  illustrated.     Cloth,  53-00  net. 

REPRINTED  IN  TWO  MONTHS 

Anoci-associalion  robs  surgery  of  its  harshness,  diminishes  postoperative  mortality, 
lessens  shock,  nausea,  vomiiing,  gas  pains,  backache,  nephritis,  pneumonia,  and 
other  postoperative  complications.  Vou  get  here,  first  of  all.  a  mono^jraph  on 
shock — Its  kinetic  theory,  its  histolojjic  and  clinical  patholojjy.  and  its  treatment. 
Then  follow  chapters  on  the  principles  of  anoci-iissociation  ;  the  technic  of //.i  appH- 
cation  in  the  administration  of  the  anesthetic  in  abdominal,  gynecologic,  and 
gcnilo-urinary  work  ;  in  operations  for  cancer  of  the  breast,  rectum,  stomach, 
uterus,  larynx,  and  tongue  :  in  exophthalmic  goiter  operations  ;  in  operations  on 
the  brain  and  the  extremities.  Then  come  chapters  on  anoci-association  and  biood* 
pressure,  and  the  technic  of  nitrous-oxid-oxygen  anesthesia. 


Crile  on  Emotions 


Jutt  Out 

Ihe  j>ai«crs  in  this  vf)lunie  ^^ive  the  steps  by  whicli  Dr.  Crile  MtuWishcd  his  kinetu 
tkrory  of  skock.  They  show  the  phylogenelic  oripin  of  the  emotions  ami  the  jmthologic 
identity  of  traumatic  and  emotional  shnck,  ftiid  iK>int  out  most  convincingly  the  dinical 
appHcatioH  of  these  premise5i  and  their  broad,  genenl  significance  in  every  phase  of  life. 

Octavo  nf  3  JO  pues.  illustrated.    By  GEOtct  W  CULB,  M.  D..  ProJcaior  of  Surcro*.  Wnteni 
•erve  Cnivcr^iiy.  CIcveUnd.  Cloth,  $3.00 


SAUNDERS   BOOKS   ON 


The  New  Keen's   Surgery 

Surgery:  Its  Principles  and  Practice.  Written  by  8 i  eminent 
specialists.  Edited  by  W.  W.  Keen,  M.  D.,  LL.D.,  Hon,  F.R.C.S,,  Exc 
AND  Edin.,  Emeritus  Professor  of  the  Principles  of  Surgery  and  of 
Clinical  Surgery  at  the  Jefferson  Medical  College.  Six  octavos  of  1050 
pages  each,  containing  3100  original  illustrations.  157  in  colors.  Per 
volume :  Cloth,  $7.00  net ;  Half  Morocco,  gS.oo  net 

VOLUMC  VI  GIVES  YOU  THE  NEWEST  SURGERY 

ALL  THE  ADVANTAGES  Or  A  REVISION  AT  ONE-FIFTH  THE  COST 

We  have  issued  a  Volume  VI  of  *'  Keen  " — the  volume  of  the  newest  surgery- 
In  this  way  you  get  all  the  advantages  of  a  complete  and  thorough  revision  at  but 
one-fifth  the  cost.  It  makes  Keen's  Surgery  the  best,  the  most  up-to-date  surgeiy 
on  the  market. 

In  this  sixth  volume  you  get  the  newest  surgery — both  general  and  special — 
from  the  pens  of  those  same  international  authorities  who  have  made  the  success 
of  Keen's  Surgery  world-wide.  Each  man  has  searched  for  the  new»  the  really 
useful,  in  his  particular  field,  and  he  gives  it  to  you  here.  Here  you  get  the 
newest  surgery,  and  fully  illustrated.  Then,  further,  you  get  a  complete  index  to 
the  entire  six  volumes,  covering  125  pages,  but  so  arranged  that  reference  to  it  is 
extremely  easy.  If  you  want  the  newest  surgerj',  you  must  turn  to  the  new 
••Keen"  for  it. 


Bryan's   Surgery 

Principles  of  Surgery.  By  W.  A.  Bryan,  M.  D.,  Professor  of  Sur- 
gery and  Clinical  Surgery  at  Vanderbilt  University,  Nashville.  Octavo 
of  677  pages,  with  224  original  illustrations.  Cloth,  S4.CX)  net 

ILLUSTRATED 

Dr.  Hryan  here  gives  you  facts,  accurately  and  concisely  stated,  without  which 
no  modern  practitioner  can  do  modern  work.  He  discredits  many  fallacious 
ideas,  Ki^'i"K  y""  fift-'i  instead.  He  shows  you  in  a  most  practical  way  the  rela- 
tions between  sur^^ical  patholoj;y  and  the  resultant  symptomatology,  and  poinis 
out  the  influence  such  information  has  on  treatment. 

Dr.  A.  Vander  Veer,  Albuny  Maiical  College 

■  It  comes  10  us  full  of  iu*w  idoas.  So  much  that  is  clear  and  concise  has  been  added  thai 
it  is  fascinating  to  study  the  work.     It  is  bound  to  receive  a  hearty  welcome." 


Hornsby   and    Schmidt's 
■  The  Modern  Hospital 

^P      The    Modern    Hospital.     Its    Inspiration ;    Its  Construction ;    Its 
Equipment;    Its  Mangement     By  John   A-    Hornsby.    M.  D..   Secre- 
tary. Hospital  Section,  American  Medical  Association;  and  Richard 
E.  Schmidt,  Architect.     L;irgc  octavo  of  644  pages,  witii  207  illus-    1 
trations.     Cloth,  $7.00  net;   Half  Morocco,  ^8.50  net.  j 

^L  HOSPITAL  ErriCICNCY  ^M 

'  ••  Hornsby  and  Schmidt  "  lells  you  just  exactly  how  to  plan,  construct,  equip]     ^■ 

and  manage  a  hospital  in  all  its  departments,  i^iv'mi^  you  every  detail.  It  gives 
you  exact  data  regarding  heating,  ventilating,  plumbing,  refrigerating,  etc. — and 
the  costs.  It  tells  you  how  to  equip  a  modern  hospital  with  modem  appliances. 
It  lells  you  what  you  need  in  the  operating  room,  the  wards,  the  private  rooms, 
the  dining  room,  the  kitchen — ever)-  division  of  hospital  honsekeeping.  It  gives 
you  the  duties  of  the  directors,  the  superintendent,  the  various  staffs,  their  relations 
to  each  other.  It  tells  you  all  about  nurses'  training-schools— their  management, 
curriculum,  rules,  regulations,  etc.  It  gives  you  hundreds  of  valuable  points  on 
the  business  management  of  hospitals — large  and  small. 

Howell  Writfht,  SuptrinteHJent  City  HospUal^  Cltveland 

"To  me  the  liook  is  invaluable.  I  have  a  copy  on  my  desk  and  scarcely  a  day  pasrcs 
but  what  I  consult  it  and  find  whiil  I  want. " 

P  Allen's  Local  Anesthesia     } 

Local  Anesthesia.  By  Carroll  W.  Allen.  M,  D.,  Instructor  in 
Clinical  Surgery  at  Tulane  University  of  Louisiana.  Octavo  ol  608 
pages,  illustrated.  Cloth,  $6.00  net ;   Half  Morocco,  tl-^O  net. 

JUST  READY  | 

This  is  a  complete   work  on    this   subject.     You   get   the   history   of  local 
'      anesthesia,  a  chapter  on  ncr\cs  and  sensation,  giving  particular  attention  10  pain 
— what   it  is  and  its  psychic  control.      Then  comes  a  chapter  on  osmosis   and 
diffusion.      Each  local  anesthetic  is  taken  up  in  detail,  giving  \try  special  atten- 
tion to  cocain  and  nm'ocain.  pointing  out  the  action  on  the  nervous  system,  the 
\      value  of  adrenalin,   paralysis  caused  by  cocain  anesthesia,    control  of  toxicity. 
I      You  get  Crile's  method  (»f  administering  adrenalin  and  salt  solution,  the  exact 
I      way  to  produce  the  intradermal  wheal,  to  pinch  the  flesh  for  the  insertion  of  the 
needle — all  shown  you  step  by  step.      Vou   get   full    discussions  of  paraneural, 
intraneural,  and  spinal  analgesia,  intravenous  and  intra-artcrial  anesthesia,  and 
liackenbuck's  regional  anesthesia  by  circumferential  injections.     You  get  indica- 
tions, contraindications,  an  article  on  attoci-associaticn,   with  Crile's  technic  for 
producing   anesthesia.     Then   the  production  of  local  anesthesia  in  the  various 
regions  is  taken  up  in  detail.     Spinal  analgesia  and  epidural  injections  are  con- 
sidered in  a  monogragh  of  45  pages.     There  is  a  large  section  on  dtntai  anesthesia. 

L  \ 
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Cotton's 

Dislocations    and    Joint    Fractures 

Dislocations  and  Joint  Fractures.     By  Frederic  Jay  Cotton,  M.  D^ 

First  Assistant  Surgeon  to  the  Boston  City  Hospital.  Octavo  of  654 
pages,  with  1201  original  illustrations.  Cloth,  $6.00  net;  Half  Morocco, 
f 7.50  net 

TWO  PRINTINGS  IN  EIGHT  MONTHS 

Dr.  Cotton's  clinical  and  teaching  experience  in  this  field  has  especially  fitted 
him  to  write  a  practical  work  on  this  subject.  He  has  written  a  book  clear  and 
definite  in  style,  systematic  in  presentation,  and  accurate  in  statement.  The 
illustrations  possess  the  feature  of  showing  just  those  points  the  author  wishes  to 
emphasize.     This  is  made  possible  because  the  author  is  himself  the  artist. 

Boston  Medical  and  Surreal  Journal 

"  The  work  is  delightful,  spirited,  scholarly,  and  original,  and  is  not  only  a  book  of  refef^ 
ence,  but  a  book  for  casual  reading.    It  brings  the  subject  up  to  date,  a  feat  long  neglected." 


Murphy's  Famous  Clinics 


Clinics  of  John  B.  Murphy,  M  .D.,  at  Mercy  Hospital,  Chlcaga 

Issued  serially,  one  number  every  other  month  (six  numbers  a  year). 
Each  issue  about  200  octavo  pages,  illustrated.  Per  year:  $8.00; 
Cloth,  gi2.oo.     Sold  only  by  the  calendar  year. 

DOWN.TO.THCMINUTE  SURGCRY 

This  is  just  the  work  you  have  been  waiting  for — a  permanent  record  of  the 
teachinj;s  of  this  great  surgeon.  These  are  Jiot  students'  clinics,  but  delivered  ai 
Mercy  Hospital,  Chicago,  for  physicians  only.  They  are  postgradt4aU  i/ini^>. 
These  Ci.iSKsare  published  just  as  litiiveri-d  by  Dr.  Murphy,  an  expert  stenojjra- 
pher  taking  down  everything  Dr.  Murphy  says  and  does.  In  this  way  these 
Clinics  retain  all  that  individual  force  and  charm  so  characteristic  of  the  clinical 
teaching  of  this  distinguished  surgeon.  But  the  most  vital  point  about  that 
Clinics  is  that  they  are  absoluttiy  fresh.  They  give  you  a  continuous  postgraduate 
course  right  in  your  own  oftn  e  with  John  B.  Murphy  as  your  teacher.  They  ha\e 
been  called  "The  Practitioner's  Text-book." 


Crandon  and  Chrenfried's 
Surg»ical    After-treatment 

Surg:Jcal  After-treatment.  A  Manual  of  the  Conduct  of  Surgical 
Convalescence.  By  L.  R.  G.  Crandon,  M.  D..  Assistant  in  Sur^jery, 
and  Albert  Ehrenfried,  M.  D,  Assistant  in  Anatomy,  Harvard  Medi- 
cal School.  Octavo  of  831  pages,  with  265  original  illustrations 
Cloth,  $6.00  net ;  Half  Morocco.  $7.50  net 


THE  NEW  (M)  EDITION*  PRACTICALLY  REWRITTEN 


This  work  tells  how  best  to  manage  all  problems  and  emergencies  of  surgii 
convalescence  from  recovery-room  to  discharge,  h  gives  a//  the  detaiis  com- 
pletely, definitely,  yet  concisely,  and  docs  not  refer  the  reader  lo  some  other 
work  perhaps  not  then  available.  The  post-operative  conduct  of  all  operations 
is  given,  arranged  a]ph:ihetically  by  regions.  A  special  feature  is  the  elaborate 
chapter  on  Vaccine  Therap\\  Itnmunhation  by  iHoculation  and  Specific  Sera, 
by  Dr.  George  P.  Sanborn,  a  disciple  of  Sir  A.  E.  Wright.     The  text  is  illustrated. 

Th«  Therapeutic  G&xette 

"  The  book  ii  one  winch  can  be  read  with  much  profit  by  the  active  lurg^eon  and  will  l>e 
generally  curameDded  by  him.*' 


^ 


Papers  from  the  Mayo  Clinic 

Collected  Papers  by  the  Staff  of  St.  Mary's  Hospital.  Mayo  Clinic. 

By  William  J.  Mavo.  M.  D.  Chari^s  H.  Mavo,  M.  D..and  their  Asso- 
ciates at  St,  Mary's  Hospital,  Rochester,  Minn.  Papers  of  1905-1909. 
1910.  1911,  1912,  \g\lt  1914.  Each  an  octavo  of  about  800  pages, 
illustrated.     Per  volume:   Cloth.  S5-50neL 

PAPERS  or  1914  JUST  READY 

These  volumes  give  you  all  the  clinical  teachings,  all  the  important  papers  of 
W.  J.  and  C.  H.  Mayo  and  their  associates  at  St.  Mar)-  's  Hospital.  They  give  you 
the  advances  in  operative  technic.  in  methods  of  diagnosis  as  developed  at  this 
great  clinic.  This  new  volume,  although  called  the  /<?//  vo/ume,  gives  you  many 
pa()ers'that  did  not  appear  until  we//  info  fQi^,  quite  a  few  being  scheduled  for  as 
late  as  May  and  June.     You  should  add  this  volume  to  your  Mayo  files.  . 

BuUetin  Medic«l  and  Chirur^cal  Faculty  of  M«rylftiid 

"  Much  of  the  work  done  at  the  M^yo  Oinic  and  recorded  tn  these  papers  has  been  epoch- 
maklnfc  in  character.  *   *   •    Reprrsent!^  a  mu&t  substantial  block  of  modcni  surgical  progress." 

A  Collection  of  Papers  (published  previous  to  1909V  By  i 
William  J.  Mavo,  M.  D.,  and  Charles  H.  Mavo,  M.  D.  Two  octavo?  ^ 
of  525  pages  each,  illustrated.     Per  set :  Cloth,  $10.00  net 
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Mumford*s 
Practice  of   Surgery 

The  Practice  of  Surgery.  By  James  G.  Mumford,  M.  D,,  In- 
structor in  Surgery,  Harvard  Medical  School.  Octavo  of  1032  pages, 
with  682  illustrations.     Cloth,  $7,00  net;  Half  Morocco,  J8.50  net. 

JUST  OUT— NEW  (2d)  EDITION 

This,  as  its  title  implies,  is  a  work  on  the  clinical  side  of  surgery — surgery  as 
it  is  seen  at  the  bedside,  in  the  accident  ward,  and  in  the  operating  room.  It  ex- 
presses the  matured  outgrowth  of  twenty  years  of  active  hospital  and  private 
surgical  practice,  together  with  the  experience  gained  from  clinical  teaching,  class- 
room discussions,  and  lectures. 
John  B.  Murphy.  M.D.,  Professor  of  Surgery  ^Northwestern  Medual  School^  Chicago, 

"  This  work  truly  represents  Dr.  Mumford*5  intellectual  capacity  and  scope,  and  presents 
in  a  terse,  forceful,  yet  pleasing  manner,  the  live  surgical  topics  of  the  day.  It  is  in  every  par- 
ticular up  to  date,  and  shows  that  rare  quality  of  accentuating  the  essential  and  omitting  the 
unnecessary.  " 

DaCosta's  Modern  Surgery 

Modern  Surgery — General  and  Operative.  By  John  Chalmers 
DaCosta,  M.  D.,  Samuel  D.  Gross  Professor  of  Surgery.  Jefferson 
Medical  College,  Philadelphia.  Octavo  of  15 15  pages,  with  10S5  illus- 
trations. Cloth,  $6.00  net;  Half  Morocco,  S7.50  net. 

NEW  (7th)  EDITION 

A  surger>*,  to  be  of  the  maximum  value,  must  be  up  to  date,  must  be  com- 
plete, must  have  behind  its  statements  the  sure  authority  of  experience,  must  be  so 
arranj^ed  that  it  can  be  consulted  quickly ;  in  a  word,  it  must  be  practical  and 
dependable.  Such  a  surgerj-  is  DaCosta' s.  Always  an  excellent  work,  for  this 
edition  it  has  been  very  materially  improved  by  the  addition  of  new  matter  to  the 
extent  of  over  250  pages  and  by  a  most  thorough  revision  of  the  old  mattfr. 
Many  old  cuts  have  been  replaced  by  new  ones,  and  nearly  150  additional  illus- 
trations have  been  added. 


Rudolph  Mat&s,  M.  D.,  Pro/t-ssor  0/ Sur:^-ery.  TuLine  University  of  Louisiana, 

"  This  o<ntion  is  drstin.*'!  to  rank  as  liiijh  as  its  predecessors,  which  have  placed  thr  Icarufd 
author  in  the  fore  of  text-lx-ok  writers.  The  more  I  scrutinize  its  pages  the  morr  I  admire  the 
marvelous  capacity  of  the  author  to  compress  so  much  knowledge  in  so  small  a  space." 
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Sc\idder*s 
Treatment  of  Fractures 

WITH  NOTES  ON  DISLOCATIONS 

The  Treatment  of  Fractures ;  with  Notes  on  a  few  Common 
Dislocatioiiij.  By  Chakles  L.  Scuudek,  M. D.,  Surgeon  to  the  Massa- 
chusetts General  Hospital,  Boston.  Octavo  of  708  pages,  with  994 
original  illustrations.  Polished  Buckram,  56.00  net ;  Half  Morocco, 
^7.50  net 


THE  NEW  (7th)  EDITION.  ENLARGED 
OVER  33,500  COPIES 


i 


The  fact  that  this  work  has  attained  a  seventh  edition  indicates  its  practical 
value.  In  this  editiun  Dr.  Scudder  has  made  numerous  additions  throughout 
the  text,  and  has  added  many  new  illustrations,  greatly  enhancing  the  value  of 
the  work.  In  every  way  this  new  edition  reflects  the  very  latest  advances  in  the 
treatment  of  fractures. 

J.  r.  Bmnie,  M.D.,  University  of  Kanuu 

"Scudder's  Fractures  is  the  most  successful  book  on  the  subject  that  faas  ever  been  ptib. 
lifthed.     I  keep  it  at  hand  regularly." 
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Scudder's  Tumors  of  the  Jaws 

Tumot^  of  the  Jaws.     By  Charles  L.  Scudder.  M.  D.,  Surj^eon 

to  the  Massachusetts  General  Hospital.  Boston.  Octavo  of  395  pages, 
with  353  illustrations,  6  in  colors.  Cloth,  $6.00  net;  Half  Morocco, 
^7.50  net 

WITH  NEW  ILLUSTRATIONS  ^M 

Dr.  Scudder  in  this  book  tells  you  how  to  determine  in  each  case  the/ofJM  of 
new  growth  present  and  then  points  out  the  best  treatment.  As  the  tendency  of 
malignant  disease  of  the  jaws  is  to  grow  into  the  accessory  sinuses  and  toward 
the  base  of  the  skull,  an  intimate  knowledge  of  the  anatomy  of  tl^ese  sinuses  is 
essential.  Dr.  Scudder  has  included,  therefore,  sufficient  anatomy  and  a  number 
of  illustrations  of  an  anatomic  nature.  Whether  general  practitioner  or  surgeon, 
you  need  this  new  book  because  it  gives  you  just  the  information  you  want. 


SAUNDERS'   BOOKS  ON 


Sisson's   Anatomy 
of  Domestic  Animals 

Anatomy  of  the  Domestic  Animals.  By  Septimus  Sisson,  S.  B., 
V.  S.,  Professor  of  Comparative  Anatomy  in  Ohio  State  University. 
Octavo  volume  of  930  pages,  with  725  illustrations,  mostly  original 
and  many  in  colors.     Cloth,  ^7.00  net;  Half  Morocco,  %%.<p  net. 

JUST  OUT— NEW  (2d)  CDITION.  RESET 

Dr.  Sisson*5  work  has  been  entirely  reset.  More  than  300  new  and  original 
illustrations  have  been  introduced,  the  book  now  containing  725  illustrations,  100 
of  them  in  colors.  This  makes  Dr.  Sisson's  work  an  atias  0/  comparative  anatomy 
as  well  as  a  descriptive  text-book.  The  nomenclature  throughout  has  been  changed 
to  conform  to  that  adopted  by  the  American  Veterinary  Medical  Association.  The 
work  takes  up  the  horse,  the  cow,  the  ox,  the  pig,  the  dog,  the  sheep — ^really  a 
comparative  anatomy  of  the  domesticated  animals. 

Boston  MedScal  and  Surreal  Journal 

"  It  is  not  amiss  to  say  that  the  work  ranks  with  the  best.  A  marked  advance  in  English 
veterinary  literature,  upon  which  student  and  practitioner  may  well  congratulate  themselves 
and  no  medical  school  can  afford  to  be  vrithout." 

Gant  on  Constipation  and 
Intestinal  Obstruction 

Constipation  and  Intestinal  Obstruction.  By  Samuel  G.  Gant, 
M.  D..  Professor  of  Diseases  of  the  Rectum  and  Anus,  New  York 
Post-Graduatc  Medical  School  and  Hospital.  Octavo  of  559  pages, 
with  250  original  illustrations.  Cloth,  $6.00  net ;  HalfMorocco, $7.50  net 

INCLUDING  RECTUM  AND  ANUS 

In  this  work  the  consideration  j^iven  to  the  medical  treatment  of  constipation 
is  unusually  extensive.  The  practitioner  will  find  of  great  assistance  the  chapter 
devoted  to  formulas.  The  descriptions  of  the  operative  procedures  are  concise, 
yet  fully  explicit. 

The  Proctolo^st 

"  Were  the  profession  better  posted  on  the  contents  of  this  book  there  would 
be  less  suffering  from  the  ill  effects  of  constipation.  We  congratulate  the  author 
on  this  most  complete  book." 
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Kelly  &  Noble's  Gynecology 
and  Abdominal  Surgery 


Oynecofogy  and  Abdominal  Surgery,  Edited  by  Howard  A. 
Kelly,  M.D.,  Professor  of  Gynecology  in  Johns  Hopkins  University; 
and  CiiAKLES  P,  Noble,  M.D.,  formerly  Clinical  Professor  of  Gyne- 
cology in  the  Woman's  Medical  College,  Philadelphia.  Two  imperial 
octavo  volumes  of  950  pages  each,  containing  880  original  illustrations, 
some  in  colors.  Per  volume:  Cloth,  S<^-0O  net;  Half  Morocco,  ^9.50 
net. 

WITH  S80  ILLUSTRATIONS-TRANSLATED  INTO  SPANISH 

This  work  possesses  a  number  of  valuable  features  not  to  be  found  in  any 
Other  publication  covering  the  same  fields.  It  contains  a  chapter  upon  the  bac- 
teriology and  one  upon  the  pathology  of  gynecology,  and  a  large  chapter  devoted 
entirely  to  Ptr-tiicat  gyntcohgy ,  written  especially  for  the  physician  engaged  in 
general  practice.  Ahdomituil  surgery  proper,  as  distinct  from  g)'nccology,  is 
fully  treated,  embracing  operations  upon  the  stomach,  intestines,  liver,  bile-ducts, 
pancreas,  spleen,  kidneys,  ureter,  bladder,  and  peritoneum. 

American  Joum&l  of  Medical  Sciences 

"  It  is  needless  to  say  that  the  work  has  been  thoroughly  done;  the  names  of  the  authors 
an*J  ctiiiors  would  guarantee  this,  but  much  may  be  said  in  praise  of  the  method  of  presentation, 
and  attention  may  be  called  to  the  inclusion  of  matter  not  to  be  found  elsewhere.'* 


Bickham's    Operative   Surgery 

A  Text-Book  of  Operative  Surgery.  By  Warren  Stone  Bickham, 
M.D.,  of  New  York.  Octavo  of  1200  pages,  with  854  original  illustra- 
tions.    Cloth,  §6.50  net ;  Half  Morocco,  58.00  net. 

THE   NEW  (3d)    EDITION 
This  work  completely  covers  the  surgical  anatomy  and  operative  technic  in- 
volved in  the  operations  of  general  surgery.     The  practicability  of  the  work  is 
particularly  emphasized  in  the  854  magnificent  illustrations. 

Boston  Medical  and  Surjfical  Journal 

"TTie  book  Is  a  valuable  contribution  to  the  literature  of  operative  surgery.  It  represents 
t  vast  amount  of  careful  work  and  technical  knowledge  on  the  part  of  the  author.  For  the  $ur« 
f  eon  in  active  practice  or  the  Instructor  of  surgery  it  is  an  unusually  good  review  of  the  subject." 
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Cisendrath's 
Surgical  Diag'nosis 

A  Text-Book  of  Surj^ical  Dias:nosis.  By  Daniel  N.  Eisendrath, 
M.D.,  Professor  of  Surgery  in  the  College  of  Physicians  and  Surgeons, 
Chicago.  Octavo  of  885  pages,  with  574  entirely  new  and  original 
text-illustrations  and  some  colored  plates.  Cloth,  ^.50  net;  Half 
Morocco,  ;^8.oo  net. 

THC  NEW  (2d)  EDITION 

Of  first  importance  in  every  surgical  condition  is  a  correct  diagnosis,  for  opoo 
this  depends  the  treatment  to  be  pursued  ;  and  the  two — diagnosis  and  treatment- 
constitute  the  most  practical  part  of  practical  surgery.  Dr.  Eisendrath  takes  up 
each  disease  and  injury  amenable  to  sutgical  treatment,  and  sets  forth  the  means 
of  correct  diagnosis  in  a  systematic  and  comprehensive  way.  Definite  directions 
as  to  methods  of  examination  are  presented  clearly  and  concisely,  providing  for 
all  contingencies  that  might  arise  in  any  given  case.  Each  illustration  indi- 
cates  precisely  how  to  diagnose  the  condition  considered. 

Sur<«r3f»  Gynecolotff.  and  Obttotrict 

"The  book  is  one  which  is  well  adapted  to  the  uses  of  the  practbing  surgeon  who  desires 
information  concisely  and  accurately  given.  .  .  .  Nothing  of  diagnostic  importance  is  ommed, 
yet  the  author  docs  not  run  into  endless  detail." 


£isendrath's  Clinical  Anatomy 

A  Text-Book  of  Clinical  Anatomy.  By  Daniel  N.  Eisendrath, 
A.B.,  M.D.,  Professor  of  Surgery  in  the  College  of  Physicians  and 
Surgeons,  Chicago.  Octavo  of  535  pages,  illustrated.  Cloth,  S5.00 
net;  Half  Morocco,  $6.50  net. 

THE   NEW  (2d)  EDITION 

This  new  anatomy  discusses  the  subject  from  the  clinical  standpoint.  A  por- 
tion of  each  chapter  is  devoted  to  the  examination  of  the  living  through  palpation 
and  marking  of  surface  outlines  of  landmarks,  vessels,  nerves,  thoracic  and 
abdominal  viscera.  The  illustrations  are  from  new  and  original  drawings  and 
photographs.     This  edition  has  been  carefully  revised. 

Medic&l  Record,  New  York 

"  A  special  recommendation  for  the  figures  is  that  they  are  mostly  original  and  were 
made  for  the  purpose  in  view.  The  sections  of  joints  and  trunks  are  those  of  foriua.lini2e<l 
cadavers  and  arc  unimpeachable  in  accuracy." 


Fenger   Memorial  Volumes 

Fcnger  Memorial  Volumes.  Edited  by  LUDVIG  Hektoes,  M.  D., 
Professor  of  Patholojjy,  Rush  Medical  Collep^e,  Chicag^o.  Two  octavos 
of525  pages  each.  Per  set :  Cloth,  $15.00  net ;  Half  Morocco,  g  18.00  net. 

LIMITCO  COITION 

These  handsome  volumes  consist  of  all  the  important  papers  written  by  the  late 
Christian  Fenger,  for  many  years  professor  of  surgery  at  Rush  Medical  College, 
Chicago.  Not  only  the  papers  published  in  English  are  included,  but  also  those 
which  originally  appeared  in  Danish,  German,  and  French. 

The  name  of  Christian  Fencer  typifies  thoroughness,  extreme  care,  deep  re- 
search, and  sound  judgment.  His  contributions  to  the  advancement  of  the  world's 
surgical  knowledge  are  indeed  as  valuable  and  interesting  reading  to-day  as  at 
the  time  of  their  original  publication.  They  are  pregnant  with  suggestions. 
Fenger's  literary  prolificacy  may  be  judged  from  this  memorial  volume — over 
1000  pages. 

Sobotta  and   McMurrich's 
Human  Anatomy        ■! 

Atlas  and  Text-Book  of  Human  Anatomy.  In  Three  Volumes.  By 
J.  Sobotta,  M.D.,  of  Wiirzburg.  Edited,  with  additions,  by  J.  Plavfair 
McMuRRicH,  A.  M.,  Ph.  D.,  Professor  of  Anatomy,  University  of 
Toronto,  Canada.  Three  large  quartos,  each  containing  about  250 
pages  of  text  and  over  300  illustrations,  mostly  in  colors.  Per  volume; 
Cloth,  J6.00  net ;  Half  Morocco,  57.50  net 
Edward  Mftrtfai,  M.D.,  Proftis&r  of  Clinical  Surgery,  IMivtrsity  of  Pmmyhania 

•'  T)us  ia  a  piece  of  bookmaking  which  is  truly  admirable,  with  plates  and  text  so  well 
chosen  and  so  clear  that  the  work  is  most  useful  to  the  practising  surgeon." 


Campbell's  Surgical  Anatomy 

A  Text-Book  of  Surgical  Anatomy.  By  William  Francis  Camp- 
bell, M.  D.,  Professor  of  Anatomy,  Long  Island  College  Hospital. 
Octavo  of  675  pages,  with  319  original  illustrations.     Cloth,  ^5.00  net 

SECOND  EDITION 

This  is  in  the  fullest  sense  an  applied  anatomy — an  anatomy  that  tvill  be  of 
inestimable  value  m  the  surgeon  because  only  those  facts  are  discussed  and  only 
those  structures  and  rej'ions  emphasized  that  have  a  peculiar  interest  to  him. 

Borton  Medical  and  Surtfkal  Journal 

'•The  author  has  an  excellent  command  of  his  subject,  and  treats  it  with  the  freedom  and 
the  conviction  ol  the  cxpcncnccd  anatomist.     He  is  also  an  admirable  cUnician." 
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Moynihan's 
Abdominal    Operations 

Abdominal  Operations.  By  Sir  Berkeley  Moynihan,  M.  S. 
(London),  F.  R.  C.  S.,  of  Leeds,  England.  Two  octavos,  totaling 
nearly  looo  pages,  with  385  illustrations.  Per  set:  Cloth,  $10.00 net; 
Half  Morocco, ;?  13.00  net. 

JUST  OUT— NEW  (3d)  EDITION.  ENLARGED 

This  n^w  (jd)  edition  was  so  thoroughly  revised  that  the  work  had  to  be  reset  fioo 
cover  to  cover.  Over  150  pages  of  new  matter  and  some  85  new  illustratioos  were  added, 
making  385  illustrations,  5  of  them  in  colors — really  an  athi  of  abdominal  surgery.  This 
work  is  a  personal  record  of  Moynihan's  operative  work.  You  get  his  own  successful  methods 
of  diagnosis.  You  get  bis  own  technic,  in  every  case  fully  illustrated  with  handsome  pic- 
tures. You  get  the  bacteriology  of  the  stomach  and  intestines,  sterilization  and  preparatioa 
of  patient  and  operator.  You  get  complications,  sequels,  and  after-care.  Then  the  varioas 
operations  are  detailed  with  forceful  clearness,  discussing  first  gastric  operations,  following 
with  intestinal  operations,  operations  upon  the  liver,  the  pancreas,  the  spleen.  Two  new 
chapters  added  in  this  edition  are  excision  of  gastric  ulcer  and  complete  gastrectomy^  giving 
the  latest  developments  in  these  operative  measures. 


Moynihan's  Duodenal  Ulcer         1:^^ 

Duodenal  Ulcer.  By  Sir  Berkeley  Moynihan,  M.  S.  (London),  F.  R.  C.  S.. 
Leeds,  Knj^land.  Octavo  of  486  pages,  illustrated.  Cloth,  $5.00  net ;  Half 
Morocco,  $6.50  net. 

For  the  practitioner,  who  first  meets  with  these  crises.  Mr.  Moynih.in  fixes  the  diagnosis 
with  precision,  so  that  the  case,  if  desired,  may  be  referred  in  the  early  stage  to  i he  sur- 
geon. The  surgeon  finds  here  the  newest  and  best  technic  as  used  by  one  of  the  leaders 
in  this  field. 

"  Knsily  the  best  work  on  the  subject ;  coming,  as  it  does,  from  the  pen  of  one  of  the  mas- 
ters of  surgery  of  the  upper  abdomen,  it  may  be  accepted  as  authoritative." — tonJ.n  Ljncet. 


Moynihan  on  Gall-stones 


Second 
Edidoo 

QalUstones  and  Their  Surgical  Treatment.  By  Sir  Berkeley  Movm- 
HAN,  M.  S.  (LoNT)ON),  F.  R.  C.  S.,  Leeds,  England.  OcUvo  of  458  pages. 
illustrated.     Cloth,  $5.00  net  ;  Half  Morocco,  56.50  t\et. 

Tbis  work  gives  special  attention  to  the  early  symptoms  in  cholelithiasis,  enabling  vou  to 
diai^nosf  the  case  in  the  early  stages. 

"  We  can  heartily  recommend  this  work  as  most  satisfactory  and  of  the  greatest  prac- 
tical value." — American  Journal  of  the  Medical  Sciences. 


Schultze  and  Stewart's  Topographic  Anatomy 

Atlas  and  Text-Book  of  Topographic  and  Applied  Anatomy.     By  Prop. 

Dr.  O.  Schvltze,  of  Wurzburg.  Edited,  with  additions,  by  George  D. 
Stewart,  M.  D.,  Professor  of  Anatomy  and  Clinical  Surgery,  University 
and  Hellevue  Hospital  Medical  College,  N.  Y.  Large  quarto  of  189  pages, 
with  25  colored  figures  on  32  colored  lithographic  plates,  and  89  text-cuts,  60 
in  colors.     Cloth,  ^5.50  net. 

Griffith's  Hand-Book  of  Surgery 

A  Manual  of  Surgery.  Uy  Fkeukric  R.  Griffith,  M,  D..  Surgeon  to  the 
Bellevue  Dispensary.  New  York  City.  121110  of  579  pages,  with  417  illus- 
trations. Flexible  leather,  $2.00  net 

Keen's  Addresses  and  Other  Papers 

Addresses  and  other  Papers.    Delivered  by  William  W.  Keen.  M.  D., 
Ll-.D..  V.  R.  C.  S.  (Hon.).  Professor  of  the  Principles  of  Surge  r)'  and  of  Clin- 
ical Surger)'.  Jefferson   Medical  College,  Philadelphia.       Octavo  volume  of 
■        441  pages,  illustrated.  Cloth.  $3.75  net 

Keen  on  the  Surgery  of  Typhoid 

The  Surgical  CompUcations  and  Sequels  of  Typhoid  Fever.     By  Wm.  W. 

Keen.  M.D.,  LL.D.»  F.R.C.S,  (Hon.).  Professor  of  the  Principles  of  Surgery 
and  of  Clinical  Surgery,  Jefferson  Medical  College,  Philadelphia,  etc. 
Octavo  volume  of  386  pages,  illiislrated.  Cloth,  53.00  net. 

Dannreuther's  Minor  and  Emergency  Surgery 

Minor  and  Emergency  Surgrcry.  By  Walter  T.  Oannrei'THEr.  M.D.,  Sur- 
geon to  St.  tlizal>eihs  Hospital  and  to  St.  Panhnlomew's  Clinic,  New  Yoric 
City.      i3nio  of  225  pages,  illustrated.     Cloth,  $1.25  net. 

Bier^s  Hyperemia  second  edition 

Bler*5  Hyperemic  Treatment  in  Surgery.  Medicine,  and  the  Specialties  : 
A  Manual  of  its  Practical  Application.  Uy  Willy  Meyer.  M.  D.,  Professor 
of  Surger)'  at  the  New  York  Post-Graduate  Medical  School  and  Hospital ;  and 
Prof.  Dr.  Victor  Schmieden,  Assistant  to  Prof.  Bier.  V^niversity  of  Berlin, 
Germany.     Octavo  of  280  pages,  with  original  illustrations.     Cloth,  $3.00  net 

"  We  commend  ihu  work  to  all  iho«e  who  are  iniere%ird  in  tbetreattneiii  of  infections,  eiih^r  acute  or 
chonic,  for  it  i»  the  only  aulhohiativc  trcAUM  we  have  iu  the  Lnglish  language."— AVtp  iVxfr  S/mte 
Journml  y  MfJiitMt. 

Morris'  Dawn  of  the  Fourth  Era  in  Surgery 

Dawn  of  the  Fourth  Era  in  Surgery  and  Other  Articles.    Dy 

Robert  T.  Morris,  M.  U.,  rmfcssor  of  Surger>',  New  York  Post-Graduaie 
Medical  School  and  Hospiul.      ismo  of  145  pages,  illustrated.     ^1.25  net. 
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Haynes'  Anatomy 

A  Manual  of  Anatomy.    By  Irving  S.  Haynes,  M.D.,  Professor  of  Prao> 

tical  Anatomy,  Cornell  University  Medical  College.  Octavo,  680  pages, 
with  42  diagrams  and  134  full-page  half-tones.  Cloth,  $2.50  net 

American  Pocket  Dictionary  n^^  (sth)  iM^tm 

The  American  Pocket  Medical  Dictionary*    Edited  by  W.  A.  Newman 

DORLAND,  A.  M.,  M.  D.,  Editor  "American  Illustrated  Medical  Dictionary." 
677  pages.  Full  leather,  limp,  with  gold  edges,  |i.oo  net ;  with  patent 
thumb  index,  ^1.25  net 

Fowler's  Surgery  lo  i>ro  vdamea 

A  Treatise  on  Surgery.  By  George  R.  Fowler,  M.  D.,  Emeritus  Pro- 
fessor of  Surgery,  New  York  Polyclinic.  Two  imperial  octavos  of  725  pages 
each,  with  888  original  text-illustrations  and  4  colored  plates.  Per  set: 
Cloth,  I15.00  net;  Half  Morocco,  918.00  net. 

International  Text*Book  of  Surgery  second  catioa 

The  International  Text-Boole  of  Surgery.  In  two  volumes.  By  Ameri- 
can and  British  authors.  Edited  by  J.  Collins  Warren,  M.  D.,  LL.  D., 
F.  R.  C.  S.  (Hon.),  Professor  of  Surgery,  Harvard  Medical  School ;  and  A 
Pearce  Gould,  M,  S.,  F,  R.  C.  S.,  of  London,  England.  Vol.  I.  :  General 
and  operative  Surgery,  Royal  octavo,  975  pages,  461  illustrations,  9  full- 
page  colored  plates.  Vol.  II.  :  Special  or  Regional  Surgery,  Royal  octavo, 
1 123  pages,  499  illustrations,  and  8  full-page  colored  plates.  Per  volume: 
Cloth,  $5.00  net ;  Half  Morocco,  $6.50  net. 

American  Text-Book  of  Surgery  rourth  Ediiioa 

American  Text-Book  of  Surgery.     Edited  by  W.    W.    Keen,    M.   D., 

LL.  D.,  Hon.  F.  R.  C.  S.,  Eng.  and  Edin.,  and  J.  William  White, 
^L  D.,  Ph.  D.  Octavo,  1363  pages,  551  text-cuts  and  39  colored  and 
half-tone  plates.     Cloth,  ^/.oo  net ;  Half  Morocco,  $8.50  net. 

Robson  and  Cammidge  on  the  Pancreas 

The  Pancreas :  Its  Surgery  and  Pathology.  By  A.  W.  Mayo  Robsos. 
F.  R.  C.  S,,  of  London,  England;  and  P.  J,  Cammidge,  F.  R.  C.  S.,  of 
London,  England.  Octavo  of  546  pages,  illustrated.  Cloth,  $5.00  net; 
Half  Morocco,  $6.$o  net. 
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American  Illustrated  Dictionary  j^  „^  ,7th)  wition 

The  American  Illustrated  Medical  Dictionary.  With  tables 
of  Arteries,  Muscles,  Nerves,  Veins,  etc. ;  of  Bacilli,  Bacteria,  etc. ; 
Eponymic  Tables  of  Diseases,  Operations,  Stains,  Tests,  etc.  By  W,  A. 
Newman  Dorland,  M.D.  Large  octavo,  1107  pages.  Flexible  leather, 
I4.50  net;  with  thumb  index,  15.00  net. 

Howard  A.  Kelly.  M.D*.  Professor  o/Gynecoh^y,  Johns  Hopkins  University,  Baltimore. 

"Dr.  Dorland's  dictionary  is  admirable.  It  is  so  well  gotten  up  and  of  such  con- 
venient size.     No  errors  have  been  found  in  my  use  of  it." 

Golebiewski  and  Bailey's  Accident  Diseases 

Atlas  and  Epitome  of  Diseases  Caused  by  Accidents.     By  Dr. 

Ed.  Golebiewski,  of  Berlin.  Edited,  with  additions,  by  Pearce  Bailey, 
M.D.  Consulting  Neurologist  to  St.  Luke's  Hospital,  New  York  City. 
With  71  colored  figures  on  40  plates,  143  text-cuts,  and  549  pages  of 
text.  Cloth,  $4.00  net.     In  Saunders*  Hand-Atlas  Series. 

Helferich  and  Blood^ood  on  Fractures 

Atlas  and  Epitome  of  Traumatic   Fractures  and  Dislocations 

By  Prof.  Dr.  H.  Helferich,  of  Greifewald,  Prussia.  Edited,  with  ad- 
ditions, by  Joseph  C.  Bloodgood,  M.  D.,  Associate  in  Surgery,  Johns 
Hopkins  University,  Baltimore.  216  colored  figures  on  64  lithographic 
plates,  190  text-cuts,  and  353  pages  of  text.  Cloth,  ^3.00  net.  In  Saun* 
ders'  Atlas  Series. 

Sultan  and  Coley  on  Abdominal  Hernias 

Atlas  and  Epitome  of  Abdominal  Hernias.  By  Pr.  Dr.  G.  Sin^- 
tan,  of  Gottingen.  Edited,  with  additions,  by  Wm.  B.  Coley,  M.  D., 
Clinical  Lecturer  and  Instructor  in  Surgery,  Columbia  University,  New 
York.  119  illustrations,  36  in  colors,  and  277  pages  of  text.  Cloth, 
I3.00  net.     In  Saunders^  Hand-Atlas  Series. 

Warren's  Surreal  Patholo^  |^ 

Surs^ical  Pathology  and  Therapeutics.  By  J.  Collins  Warren, 
M.D.,  LL.D.,  F.R.C.S.  (Hon.),  Professor  of  Surgery,  Harvard  Medical 
School.  Octavo,  873  pages;  136  illustrations,  33  in  colors.  Cloth, 
$5.00  net;  Half  Morocco,  J6.50  net. 

Zuckerkandl  and  DaCosta's  Surgery  l^^L 

Atlas  and  Epitome  of  Operative  Surs^ery.  By  Dr.  O.  Zucker- 
kandl, of  Vienna.  Edited,  with  additions,  by  J.  Chalmers  DaCosta, 
M.  D.,  Samuel  D.  Gross  Professor  of  Surgery,  Jefferson  Medical  Col- 
lege, Philadelphia.  40  colored  plates,  278  text-cuts,  and  410  pages  of 
text.     Cloth,  $3.50  net.     In  Saunders*  Atlas  Series. 
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Moore*s  Orthopedic  Surgery 

A  Manual  of  Orthopedic  Surgery.     By  James  E.  Moore,  M.D.,  Professa 

of  Clinical  Surgery,  University  of  Minnesota,  College  of  Medicine  and  Surgery. 
Octavo  of  356  pages,  handsomely  illustrated.  Cloth,  52.50  net 

"The  book  is  eminently  practical.  It  Is  a  sale  fruide  in  the  understanding  and  treatment  ol 
orthopedic  cases.    Should  be  OMmed  by  every  surgeon  and  practitioner."— ^imo/f  t^fSmrgerj 

Fowler's  Operating  Room  New  (3d)  Edition.  iteMi 

The  Operating  Room  and  the  Patient  By  Russell  S.  Fowler,  M.  D., 

Surgeon  to  the  German  Hospital,    Brooklyn,  New   York.    Octavo    of  6ii 

pages,  illustrated.  Cloth,  $3.50  net 

Dr.  Fowler  has  written  his  book  for  surgeons,  nurses  assisting  at  an  operation,  internes, 
and  all  others  whose  duties  bring  them  into  the  operating  room.  It  contains  explicit 
directions  for  the  preparation  of  material,  instruments  needed,  position  of  patient,  etc., 
all  beautifully  illustrated. 

Nancred6*s  Principles  of  Surgery      New  (2d)  Editioa 

Lectures  on  the  Principles  of  Surgery.    By  Chas.  B.  Nan'crede,  M.D., 

LL.D.,  Professor  of  Surgery  and  of  Clinical  Surger>',  University  of  Michigan, 

Ann  Arbor.     Octavo,  407  pages,  illustrated.  Cloth,  12.5^  net 

**  We  can  strongly  recommend  this  book  to  all  students  and  those  who  would  see  something 
of  the  scientific  loundat ion  upon  which  the  art  of  surgery  is  hyxAx.*''— Quarterly  Medical  JoufnoL, 
Sheffield^  England. 

Nancrede's  Essentials  of  Anatomy,    seventh  Ediikm 

Essentials  of  Anatomy,  including  the  Anatomy  of  the  Viscera.    By  Chas. 

B.  Nancrede,  M.D.,  Professor  of  Surgery  and  of  Clinical  Surger>',  University 

of  Michigan,  Ann  Arbor.     Crown  octavo,  388  pages  ;  180  cuts.     With  an 

Appendix  containing  over  60  illustrations  of  the  osteology  of  the  body.     Based 

on  Gray' s  Anatomy,         Cloth,  $1,00  net.     In  Saunders*  Question  Compends. 

*•  The  questions  have  been  wisely  selected,  and  the  answers  accurately  and  concisely  given  "— 
Vnivetuty  Medical  Magazine, 

Martin's  Essentials  of  Surgery.     ^'""'Revi^"""' 

Essentials  of  Surgery,  Containing  also  Venereal  Diseases,  Surgical  Land- 
marks, Minor  and  Operative  Surgery,  and  a  complete  description,  with  illus- 
trations, of  the  Handkerchief  and  Roller  Bandages.  By  Edward  Martin, 
A.M.,  M.D.,  Professor  of  Clinical  Surgery,  University  of  Pennsylvania,  etc. 
Crown  octavo,  338  pages,  illustrated.  With  an  Appendix  on  Antiseptic  Sur 
gery,  etc.  Cloth,  ?i.oo  net.     In  Saiatdets'  Question  Compends. 

"  Written  to  assist  the  student,  it  will  he  A  undoubted  value  to  the  practitioner,  cnnLiiniuf;  asii 
does  the  essence  of  surgical  work."— ifi»J/t»«  Medical  and  Surgical  Joutnal. 

Metheny's  Dissection  Methods  Ju>t  i»ued 

Dissection  Methods  and  Guides.     By  David  Gregg  Methknv.   M.  I)., 

L.  R.  C.  P..  L.  R.  C.  S.  (Kdin.).  L.  F.  P.  S.  (Glas.).  Associate  in  Anatomy, 

Jefferson  Medical  College.  Philadelphia.     Octavo  of  131  pages,  illustrated. 

Cloih,  51.25  net 

This  work  !)ri<ifjcs  the  Rap  h<'retofore  cxistinj;  betwt^en  the  descriptive  text-book  .%r.d  the 
dissecting  table.  In  order  that  it  may  l)e  u?ed  in  connection  with  any  text-book  or  atla^ 
bolh  the  old  and  the  new  an.tti>mic  n.imrs  are  j^iven.  Everj'thing  the  student  could  be  ei- 
pectod  to  do  is  carefully  explained  in  detail. 
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